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Introduction
The email discussion is intended to cover topics in AI 6.15.1.4 (BWP switching on multiple CCs), 6.15.1.8 (UL spatial relation info switching) and 6.15.1.9 (Non-simultaneous UL carrier operation in FR2). 
In last meeting, there is agreed WF in R4-2005339 for BWP switching on multiple CCs which are as follows:
Delay requirements for DCI/timer based BWP switch
; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs
Agreement in 1st round: K = 1
FFS on D 
· Options for D
· Option 1: D=100us for Type 1; 200 us for Type 2
· Option 2: D = 450us for Type 1; 1.5ms for Type 2; 
· Other options are not precluded.
Delay requirements for RRC based BWP switch
· ; 
Where DRRC is FFS and will be decided in RAN4#95-e.
- 	Option 1: DRRC = 1.5ms
-	Option 2: DRRC = 0ms 	
- 	Other options are not precluded.
Interruption requirements for simultaneous BWP switch
· Agreement in 1st round: The length of each separate interruption caused by each CC where UE performs BWP switching is same as Rel-15 single CC
· No requirement is needed for total interruption length.
Conditions when requirements for partial overlap BWP switch are defined
· Agreement in 1st round: For DCI and RRC based BWP switch with partial overlap, partial overlap is defined for FR1+FR2 in NR-DC when UE is capable of per FR gap.
Delay requirements for DCI based BWP switch 
· No extra waiting time is considered. Re-use the switching delay requirements from single CC and simultaneous triggering case. 
Delay requirements for Timer based BWP switch 
Agreement in 1st round: timer-based BWP switch should be delayed by ongoing timer-based BWP switch.
Further agreement:
· UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in the same FR, i.e. additional TDelay is allowed, where TDelay is the time delayed by ongoing BWP switching on other CCs.
· It is FFS how to address the impact from partial overlap BWP switching in the other FR.
Delay requirements for RRC based BWP switch 
It is FFS whether extra waiting time should be defined. If the extra waiting time is needed, it should be upper bounded by 
· option 1: the multiple BWP switch delay of the 1st CG.
· option 2: the RRC processing time in the 1st CG.

Topic #1: BWP Switching on multiple CCs
Companies’ contributions summary
	[bookmark: _Hlk33090109]T-doc number
	Company
	Proposals / Observations

	R4-2006203
	Apple
	For simultaneous triggering
Proposal #1: For DCI/ timer-based BWP switch with simultaneous triggering, define D = 450us for Type 1; 1.5ms for Type 2 UE.
Proposal #2: For RRC based BWP switch with simultaneous triggering, define DRRC = 1.5ms. 
For partial overlap triggering
Observation #1: DCI and RRC based BWP switch can cause interruption due to BWP switch involving SCS change. RRC based BWP switch can cause interruption due to change in parameters involving locationAndBandwidth or nrofSRS-Ports
Proposal #3: DCI based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
Proposal #4: RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when UE supports per-FR gap and BWP switch doesn’t involve change in SCS or change in parameters for locationAndBandwidth or nrofSRS-Ports. 
Observation #2: Sequential processing of partially overlapped BWP switch due to inactivity timer expiry is within same FR.
Proposal #5: For FR1 CA, FR2 CA and FR1-FR1 DC operation, the delay for timer based partial overlap switch, the delay requirement shall be defined as N*TBWPSwitchDelay.
Proposal #6: For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-FR gap and BWP switch doesn’t involve SCS change, switching delay for timer based partial overlap case shall be same as single CC on each of the CCs

Proposal #7: For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-UE gap or BWP switch involves SCS change, switching delay for timer based partial overlap case will be defined as N*TBWPSwitchDelay.
Proposal #8: For RRC based BWP switch with partial overlap, extra waiting time should be considered, and the extra delay should be upper bounded by the multiple BWP switch time in CG1.

	R4-2006477
	MTK inc.
	Proposal 1: For simultaneous DCI-based or timer-based BWP switch, the delay requirement for BWP switch in multiple CCs is , where D=100us for Type 1; 200 us for Type 2, and K=1.
Proposal 2: For simultaneous RRC-based BWP switch, the delay requirement for BWP switch in multiple CCs can be the same as single CC BWP switch without extension.
Proposal 3: UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in NR-DC.
Proposal 4: A waiting time introduced for the 2nd BWP switch request in non-simultaneous RRC-based BWP switch. The duration of waiting time is upper bounded by the multiple BWP switch delay of the 1st CG.


	R4-2006522
	vivo
	Proposal 1: The value of D is based on either option 2 or option 3 of the WF.
Proposal 2: For the simultaneous BWP switch on multiple CCs case, if the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
Proposal 3: The switch delay for RRC based BWP switch over multiple CCs is: TRRCprocessing + TBWPswitchDelayRRC + DRRC∗(N−1) where DRRC = D (agreed value for DCI/timer based BWP switch). 
Proposal 4: For the partial overlapping timer based BWP switch over multiple CCs, the switch delay of one timer based BWP switch on one FR will not be impacted by a partial overlap timer based BWP switch on the other FR.
Proposal 5: For the delay requirement for partial overlapping RRC based BWP switches over multiple CCs, extra waiting time for CGs other than the first CS should be introduced, the upper bound of the waiting time should be bounded by the multiple BWP switch delay of the previous CG. 


	R4-2006551
	Intel Corporation
	Proposal 1: D = 200us for Type 1 and 800us for Type 2 are assumed for DCI/timer based simultaneous BWP switch delay requirement.
Proposal 2: for RRC based multiple BWP switch, if N<=3, re-use the existing requirement. if N>3,  DRRC =1.5ms. where N is the total number of CCs.
Proposal 3: For timer and RRC based partial overlap triggered BWP switching, the delay time is upper bounded by the multiple BWP switch delay in the first CG.


	R4-2007291
	NEC
	Proposal 1: BWP switch delay using DCI/timer based simultaneous trigger is given by TBWPSwitchDelay+D*(N-1); Where,
· N is number of CCs with simultaneous BWP switch; 
· D is 100us for Type1 and 200us for Type2  
Proposal 2: RRC based BWP switch delay on multiple CC with simultaneous trigger is given by    where DRRC=0;
Proposal 3: RAN4 to agree that wait time for RRC based non-simultaneous BWP switchshould be upper bounded by RRC processing time in 1st CG
Proposal 4: In NR-DC, when there is no co-ordination between CGs, RAN4 should discuss the effect of newly introduced wait time in BWP switch delay and how to convey it to gNB of 2nd CG, to avoid the gNB of 2nd CG interpreting the wait time as BWP switch failure.


	R4-2007348
	OPPO
	Proposal 1: DCI/timer based simultaneous BWP switching delay for N (N ≤ 8) cells would be: , where 200us for Type 1, and 450us for Type 2. 
Proposal 2: RRC based simultaneous BWP switching delay for N (N ≤ 8) cells would be: , where DRRC = 1.5ms.
Proposal 3: Clarify the assumption for UE capacity of support independent timer-based BWP switch in different FR. 
Proposal 4: Define waiting time for RRC-based partial overlap BWP switch, which is upper bounded by the RRC processing time in the 1st CG.


	R4-2007498
	Qualcomm
	Observation 1: After receiving RRC based BWP switch command, UE sends RRC reconfiguration complete message only after switching the BWP. UE should not receive another RRC based BWP switch command before it sends RRC reconfiguration complete.
Proposal 1: For DCI based simulatneous switch on N carriers, the BWP switch delay will be, 𝑇𝐵𝑊𝑃𝑆𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎𝑦+𝐷∗(𝑁−1) with D = 200 us for Type 1 and 800 us for Type 2. 
Proposal 2: For timer based simultaneous switch, same requirements as simultaneous DCI based switch to apply.   
Proposal 3: Adopt DRRC = 800 us in the Delay requirements for RRC based BWP switch.
· Note: Spec clarifies that RRC configures UE to switch to BWPs in activated SCells only.
Proposal 4: RAN4 does not define any requirement to address the impact from partially overlapped and timer-based BWP switching in the other FR.
· If a requirement must be defined, the same principle of existing requirement can be extended across FRs, i.e. timer-based BWP switch in one FR should be delayed by ongoing timer-based BWP switch in another FR.
Proposal 5: RAN4 does not define any additional requirement to handle partially overlapped RRC based BWP switching.

	R4-2007681
R4-2007682
	Huawei, Hisilicon
	

	
	
	For simultaneous switch:
Proposal 1: For DCI and timer based BWP switch, the incremental delay D =100us for type1 and 200us for type2.
Proposal 2:
For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR.
Proposal 3: For RRC-based simultaneous BWP switching on multiple CCs, the delay shall be same as single CC (𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎𝑦  ) without extension.
For partial overlap switch:
Observation 1: For UE which is capable of per-FR gap, there is no impact from the timer-based BWP switch from the other FR.
Proposal 1: For UE which is capable of per-FR gap, the delay shall be TDelay+TBWPSwitchDelay where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range. 
Proposal 2: For UE which is not capable of per-FR gap, the delay shall be TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs.
Proposal 3: There is no need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused.

	R4-2007788
R4-2007990
	Ericsson

	For simultaneous switch:
Proposal 1:	For DCI/timer-based BWP switching, the following values shall be used in the delay requirement:
· Type 1: D = 100µs
· Type 2: D = 200µs

Proposal 2:  For RRC-based BWP switching, DRRC ≤ 1.5ms shall be used in the delay requirement.

For partial overlap switch:
For timer-based triggering:
· Proposal # 1: The impact on ongoing BWP switching in one FR from partial overlap BWP switching in the other FR depends on whether UE is capable of per FR gap or per UE gap.
· Proposal # 2: UE capable of per FR gap, shall be able to perform BWP switching on any two CCs across the two CGs over partially or fully overlapping time period by including an extra margin (Tother,CG) in the total delay BWP switching delay for .
· Proposal # 3: In proposal 2, Tother,CG is defined as follows:
·                                                                                   (1)
· Where:
· N = 2 is the number of CCs across CGs on which partial overlap BWP switching occurs during at least partially overlapping time.  
· K is number of CCs that can be processed simultaneously
· D is delay.
· The values of K and D agreed for simultaneous BWP switching on multiple CCs shall be reused. 
· Proposal # 4: UE capable of per FR gap, shall perform partial overlap BWP switching on all CCs across both CGs sequentially on first-come-first served basis.
For RRC-based triggering:
· Observation # 1:  After the RRC reconfiguration on a 2nd CG, the UE should be able to start the BWP switching on the 2nd CG depending on its ‘K’ capability i.e. number of CCs that can be processed simultaneously
· Proposal # 5: An extra waiting time is needed for partially overlap RRC based BWP switching due to receiving RRC message on 2nd CG while there is ongoing BWP switching on the 1st CG.
· Proposal # 6: The extra waiting time for partially overlap RRC based BWP switching shall not be more than the RRC processing time.

	R4-2008190
	Nokia, Nokia Shanghai Bell
	1. D = 100us for both Type 1 and Type 2 in the Delay requirement for DCI-based and Timer-based simultaneous BWP switch on multiple CCs.
DRRC = 0ms in the Delay requirement for RRC-based simultaneous BWP switch on multiple CCs. 
Extra waiting time in the delay requirement for RRC-based partial overlap BWP switch on multiple CCs could be upper bounded by the RRC processing time. 



Open issues summary and companies view’s collection
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Simultaneous BWP switch on multiple CCs
Issue 1-1-1: Delay requirements for DCI/timer based BWP switch
; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs; FFS on D and K
· Options for D:
· Option 1(MTK, NEC, Huawei, Ericsson): D=100us for Type 1; 200 us for Type 2
· Option 2(Apple, Vivo): D = 450us for Type 1; 1.5ms for Type 2; 
· Option 3(Vivo): some value between option 1 and option 2.
· Option 3a (Intel, Qualcomm): D = 200us for Type 1 and 800us for Type 2
· Option 3b (OPPO): D = 200us for Type 1 and 450us for Type 2
· Option 4 (Nokia): D = 100us for both Type 1 and Type 2
· Definition of  N (Huawei): For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR.
· Recommended WF: 
· Further discussion. 
	Company
	Comments

	Mediatek
	In RAN1 spec, there is a limitation on BWP switch delay which shall be smaller than PDSCH reception or PUSCH transmission. Thus, the duration of DCI-based BWP switching shall be at least no larger than K0, K2 which are used to schedule for UE’s PDSCH reception and PUSCH transmission. In TS38.331, the max value of k0, k2 is 32 slots which equals 4ms processing time for SCS=120KHz. This should be the upper bound for DCI-based BWP switch.
Thus, option 1 is the only possible values align with RAN1 spec.

	Huawei
	We support option 1. For DCI-based BWP switch, it shall be a fast switch procedure. Option 2 and option 3 will lead to a too longer switching delay to all involved CCs. For the definition of N, we shall confirm the conclusion since not much comments received from last meeting. 

	Ericsson
	We support Option 1. With K=1, as agreed at RAN4#94e-Bis, a completely sequential SW processing and RF configuration is allowed. SW processing for one carrier can be carried out while RF reconfiguration is carried out for another carrier. For Type 1, both activites are anticipated to take 100us each and hence can be pipelined and processed in parallel. For Type 2, the SW processing is anticipated to take longer time than the RF reconfiguration, but the two activities can still be pipelined and processed in parallel.

	Apple
	We support option 2. The issue with delay being larger than k0/k2 might be in some cases for FR2. In FR1 with up to 8 CCs, the D values with option 2 still are within the largest allowable k0/k1 values. In FR2, we suggest to limit the number of CCs with simultaneous switch in order to be within k0/k2 limit. Another option would be send LS to RAN1 and RAN2 to extend the allowable values for k0/k2 in order to accommodate delays due to BWP switch on multiple CCs.

	vivo
	Support option 3. Ok with option 3a. It is necessary to find a way to move forward.

	OPPO
	Support option 3. Either 3a or 3b is fine.

	Qualcomm
	We support option 3a.
We previously proposed option 2 and we are still OK with it. But, Option 3a is our compromise proposal. Some parts of the software processing and RF tuning scale with the number of carriers. Hence, 200 us and 800 us are the bare minimum durations that are needed for type 1 and type 2 respectively.
We agree with Apple regarding the issue that is mentioned by Mediatek. Network can easily limit N in FR2 or RAN1/RAN2 can increase the value of K0/K2 to solve this issue.

	NEC 
	We still support option 1 and agree with MTK regarding the K0/K2 value. We think extension may not be possible, because after BWP switch, UE PDSCH is scheduled on new BWP and 4ms (existing K0/K2) is chosen because after 4ms channel may change and MCS may change. 

	Intel
	support option 3a. It’s a compromise between option 1 and option 2.  To solve the concern raised by MTK, agree with Apple that the number of CCs with simultaneous switch can be limited for FR2. Since the delay time is highly related to the UE implementation, another alternative way is to define a new UE capability and the delay time is depended on the reported UE capability.

	ZTE
	Support option 1. We share Mediatek’s view.

	Mediatek
	For the definition of N, we agree with Huawei’s proposal.
For Apple’s suggestion on limiting the number of CCs for FR2, we have concern on this solution. The network will use dormancy SCell to speed up the SCell activation. If we limit the number of BWP switch, it will have a negative impact on activing the dormancy SCells. It means all the dormancy SCells cannot be active at the same time. The reason to introducing dormancy SCell is to speed up the SCell activation. If multiple SCells cannot activate at the same time, it will be not much benefit to compare with deactivated SCell activation.

	Nokia
	Option 4, We already have a very relax delay requirement for Type 2 in BWP switching on a single CC, it is fairly long, we do not see any necessary to extend more longer extra delay compared to Type1.



Issue 1-1-2: Delay requirements for RRC based BWP switch
; Where DRRC is FFS
extended delay for RRC based BWP switching on multiple CCs is needed. 
· Option 1(Apple): DRRC = 1.5ms
· Option 1a (OPPO): DRRC = 1.5ms for N (N ≤ 8) cells
· Option 2(MTK, NEC, Huawei, Nokia): DRRC = 0ms 	
· Option 3(Vivo): DRRC = D (agreed value for DCI/timer based BWP switch). 
· Option 4(Intel): if N<=3, re-use the existing requirement. if N>3, DRRC =1.5ms. where N is the total number of CCs.
· Option 5 (Qualcomm): DRRC = 800 us in the Delay requirements for RRC based BWP switch.
                                     Note: Spec clarifies that RRC configures UE to switch to BWPs in activated SCells only.
· Option 6 (Ericsson): DRRC ≤ 1.5ms
· Recommended WF: 
· Further discussion

	Company
	Comments

	Mediatek
	If we define DRRC = 1.5ms, the overall delay is. Considering 8CCs case, the overall delay will be 16ms+ 1.5ms*7=26.5ms for BWP switching. The overall delay will be even larger than 200slots for FR2 SCS=120KHz.
This value is too exaggerated and unreasonable.

	Huawei
	We support option 2. The RRC-based delay requirements for single CC in release 15 is quite relaxed. The extension in other options will lead to exaggerated delay with the number of CC could be up to 8.  

	Ericsson
	All options are agreeable to us. We have a preferrence for Option 3 (DRRC = D) as it is reasonable to assume that once the UE has received the trigger (here by RRC message), there is little difference in the steps it needs to take compared to when triggered by DCI. On the other hand, we can also agree with the rationale behind Option 2: the existing requirement is lax enough to allow switching of more CCs within the existing budget. Maybe the way forward would be an option based on Option 4, but with DRRC = 0 for N≤3 and DRRC = D for N>3?

	Apple
	Support option 1. The delay with this option is reasonable keeping in mind UE implementation. 

	vivo
	Support option 3. The difference on the switch delay between RRC based and DCI/timer based simultaneously BWP switch over multiple CCs has already been absorbed into the first part of the formula of the switch delay, respectively.  The scaled part of the formula, such as , is accounting for extra delay due to RF operations and the RRC based and DCI/timer based BWP switch delay should be no difference at this part. 

	OPPO
	Option 1,4,5 are ok for us.

	Qualcomm
	We support option 5, i.e., DRRC = 800 us. We also support option 3 for this issue if option 3a or option 2 of sub-topic 1-1 gets accepted.
We agree with Ericsson once the UE has received the trigger (here by RRC message), there is little difference in the steps it needs to take compared to when triggered by DCI. 
On the other hand, we do not agree with the notion that Rel-15 RRC based BWP switch processing timelines are too relaxed. The existing timeline was defined assuming that some UEs will need that duration to process RRC command and switch BWP. Hence, existing timeline should be the reference point and duration for additional RRC based BWP switch should be same as that DCI/timer based BWP switch. DRRC should be 800 us.  

	NEC
	We support option 2 and if have to compromise we can compromise to option 3. We can also agree to Ericsson compromise proposal of DRRC = 0 for N≤3 and DRRC = D for N>3? 

	Intel
	for Rel-15, there is some margin for RRC based BWP switch. However, if the number of CCs simultaneous triggered is large, the delay time without any extension may not be enough. the total delay triggered by RRC may be smaller than that triggered by DCI/timer for type 2 UE. It doesn’t make sense. To solve the concern introduced by large number of CCs, according to the suggestion raised by Ericsson, some modification of proposal 4 may be a possible solution:
DRRC = 0 for N≤3 and DRRC = D for N>3

	ZTE
	Support Option 2.

	Nokia
	We prefer Option 2. we have very relaxed requirement for UE to perform BWP switch which is 6ms in Rel-15 for single CC, this value is for the worst situation and also considered the impact of switching on multiple CCs when we get the agreement on the value. No extra delay is needed for simultaneous RRC-based BWP switch on multiple CCs.



Issue 1-1-3: TBWPswitchDelay when SCS changes
· Option 1(Vivo): For the simultaneous BWP switch on multiple CCs case, if the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
· Recommended WF: 
· Option 1.
	Company
	Comments

	Mediatek
	We agree on recommended WF. 

	Huawei
	We are fine with the proposed option provided that TBWPswitchDelay means the BWP switching delay on single CC in the existing spec. For the incremental delay in the total delay on multiple CCs, it is described as absolute time in the equation, so there is no need consider the SCS among CCs for this part. 

	Ericsson
	The way BWP switching delay is specified, it is mainly a sequential operation (K=1 was agreed at RAN4#94e-Bis). Then why would the switching of all CCs depend on the CC with smallest SCS? If considering simultaneous DCI-based triggering, the CC with largest SCS will be the first one to receive and decode DCI – hence it is more likely that the essentially sequential BWP switching is started at a point in time that depends on the largest SCS, and not on the smallest SCS. More discussion is needed and hence at this point we cannot agree to the recommended WF.   

	Apple
	We agree with the recommended WF. 
To clarify, is this referring to the TBWPswitchDelay in TBWPswitchDelay_NCC = ?

	vivo
	OK with the recommended WF.
To Apple, yes, this is our understanding. 
To Ericsson, the proposed WF does not impose anything on which CC will be the first one to decode DCI. Actually how a UE perform simultaneously DCI/timer based BWP switch is up to UE implementation. The intention of the propose is to define a value of TBWPswitchDelay if different involved CCs have different SCS. 

	OPPO
	We agree with the recommended WF. 

	Qualcomm
	Same comment as Huawei. Agree with option 1 if this refers to the TBWPswitchDelay in TBWPswitchDelay_NCC = 

	Intel
	agree with the recommended WF.

	ZTE
	We are fine with the recommended WF provided that it is for baseline BWP switch delay TBWPswitchDelay




Sub-topic 1-2: Partial overlap BWP switch on multiple CCs
Sub-topic description : Requirements for partial overlap BWP switch on multiple CCs
Open issues and candidate options before e-meeting:
Issue 1-2-1: Conditions for requirements with partial overlap switch
· Option 1(Apple): 
· DCI based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
· RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when UE supports per-FR gap and BWP switch doesn’t involve change in SCS or change in parameters for locationAndBandwidth or nrofSRS-Ports.
· Recommended WF: 
· Option 1.
	Company
	Comments

	Mediatek
	We agree on recommended WF.

	Huawei
	For RRC-based BWP switch, for UE which is capable of per-FR gap, the interruption on other FR is only considered when the BWP switch involves change in SCS. We didn’t see the difference between DCI-based and RRC-based BWP switch here.

	Ericsson
	The proposal is not very clear.
The specification text reads for RRC-based switching (8.2.2.2.5):
“[…] When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching.”
Hence, if UE supports per-FR gap, no restrictions apply across FRs regardless of whether there are changes to SCS, locationAndBandwidth or nrofSRS-Ports. For UE with per-UE gap capability, one could also support partial overlap as long as none of the parameters SCS, locationAndBandwidth, and nrofSRS-Ports change since there would be no interruption to any other CC. (The latter would however go against earlier agreements, and hence is not proposed here.)
Can Apple please clarify the proposal and the rationale?

	Apple
	Based on comments and clarifications from Huawei and Ericsson, we propose to change the condition for requirements for partial overlap BWP switch as:
· DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
To Ericsson – from section 8.2.2.2.5
When UE receives an RRC reconfiguration that only requests UE to switch its active BWP on one single CC, the UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing.
If BWP switch involves SCS change interruption is allowed on all CCs.
--Update 05/26 --
We agree with Qualcomm’s additional text proposed. 

	vivo
	OK with Apple’s latest proposal in the previous row. 

	OPPO
	Agree with Huawei’s view. And support Apple’s  latest proposal:
· DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.

	Qualcomm
	We propose to add an additional text to Apple’s latest proposal:
DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
· No requirement is defined for RRC based BWP switch with partial overlap within a cell group
In our understanding, RRC based BWP switch with partial overlap was defined for FR1 + FR2 in NR-DC because network might not be able to co-ordinate sending RRC commands across different frequency ranges in a DC scenario. However, this only applies for different cell groups. Within a cell group, network should still be able to co-ordinate and send an RRC command only after previous RRC based BWP switch gets completed. Within a cell group, after receiving one RRC based BWP switch command, UE should switch the BWP and send RRC reconfiguration complete message to the network before receiving another RRC based BWP switch command. Note that, this is applicable for any RRC configuration command. 
That is why, we propose to add the text “no requirement is defined for RRC based BWP with partial overlap within a cell group”.

	NEC
	Agree with Apple’s latest proposal

	Intel
	agree with Apple’s latest proposal and Qualcomm’s additional text. For NR-DC case, if two RRC command are sent out from the same cell group, network can co-ordinate to avoid collision. 

	ZTE
	Agree with Qualcomm’s latest proposal.

	Nokia
	This could be network schedule issue. This is not UE requirement.



Issue 1-2-2: Delay requirements for Timer based BWP switch 
· Option 1 (Vivo):    the switch delay of one timer based BWP switch on one FR will not be impacted by a partial overlap timer based BWP switch on the other FR.   
· Option 2 (Apple):
· For FR1 CA, FR2 CA and FR1-FR1 DC operation, the delay for timer based partial overlap switch, the delay requirement shall be defined as N*TBWPSwitchDelay.
· For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-FR gap and BWP switch doesn’t involve SCS change, switching delay for timer based partial overlap case shall be same as single CC on each of the CCs
· For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-UE gap or BWP switch involves SCS change, switching delay for timer based partial overlap case will be defined as N*TBWPSwitchDelay.
· Option 3 (MTK): UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in NR-DC.
· Option 4(Intel): For timer and RRC based partial overlap triggered BWP switching, the delay time is upper bounded by the multiple BWP switch delay in the first CG.
· Option 5(OPPO): Clarify the assumption for UE capacity of support independent timer-based BWP switch in different FR.
· Option 6(Qualcomm): RAN4 does not define any requirement to address the impact from partially overlapped and timer-based BWP switching in the other FR.
· If a requirement must be defined, the same principle of existing requirement can be extended across FRs, i.e. timer-based BWP switch in one FR should be delayed by ongoing timer-based BWP switch in another FR.
· Option 7: Depending on whether UE is capable of per-FR gap.
· For UE capable of per-FR gap: 
· Option 1 (Huawei):  TDelay+TBWPSwitchDelay where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range.
·  Option 2 (Ericson):   UE capable of per FR gap, shall be able to perform BWP switching on any two CCs across the two CGs over partially or fully overlapping time period by including an extra margin (Tother,CG) in the total delay BWP switching delay for.
· Tother,CG is defined as follows:
· 
· Where:
· N = 2 is the number of CCs across CGs on which partial overlap BWP switching occurs during at least partially overlapping time.  
· K is number of CCs that can be processed simultaneously
· D is delay.
· The values of K and D agreed for simultaneous BWP switching on multiple CCs shall be reused. 

· For UE not capable of per-FR gap: 
· Option 1 (Huawei):  TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs.
· Option 2 (Ericsson): UE not capable of per FR gap, shall perform partial overlap BWP switching on all CCs across both CGs sequentially on first-come-first served basis.
· Recommended WF: 
· Further discussion.

	Company
	Comments

	Mediatek
	Timer-based is triggered if UE cannot detect any PDCCH for a certain period of time. If it is triggered, that means UE is now in a very low traffic mode.
Thus, it’s reasonable to extend the agreed partial overlap Timer-based requirement in one CG to DC.
UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner. The extension delay in one CG will be extended with an upper bound of multiple BWP switch delay in the other CG.

	Huawei
	We support option 1 in option 7. For option 1, the timer based BWP switch on one FR will be impacted by a partial overlap timer based BWP switch on the other FR if UE is not capable of per-FR gap. Tdelay is caused by ongoing BWP switch within the same FR. So the BWP switch from other FR will cause delay extension instead of delay of triggering the BWP switch. For UE capable of per-FR gap, when the BWP switch is triggered from FR2 when there is an ongoing BWP switch in FR1, the switch on FR2 will not be delayed but both switch from FR1 and FR2 will be extended like simultaneous cases. For option 2 in option 7, why N = 2?  There could be simultaneous timer-based BWP switch on CCs from FR2 which are partial overlapped with the BWP switch in FR1.

	Ericsson
	We support Option 7/Option 2. Within the CG the UE does partial overlap BWP switching sequentially. Therefore, across the two CGs there can be partial overlap BWP switching only on 2 CCs over an overlapping time i.e. BWP switch on one CC from MCG and on one CC in SCG can partially overlap.

	Apple
	The options are very diverse. In our proposal we suggested to consider same FR and different FR to define requirements. 
For simplicity, we propose to define requirements that allow UE to process the timer-based switch sequentially irrespective of FR and FR gap capability. Hence the delay for one timer based partial overlap BWP switch could be defined as:
TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer, where TDelay is upper bounded by timer based BWP switch delay on single CC or multiple CCs. TBWPSwitchDelayTimer is the timer based BWP switch delay on single CC or multiple CCs. 
-- Update 05/26--
CC1 has ongoing BWP switch; CC2 BWP switch is triggered during ongoing BWP switch.
BWP switch delay on CC2 (TBWPSwitchDelayPartialOverlapTimer )= TDelay + TBWPSwitchDelayTimer 
TDelay is upper bounded by BWP switch delay on CC1 (or multiple CC BWP switch)
TBWPSwitchDelayTimer is the timer based single or multiple CC BWP switch delay.

Regarding option 7, only condition based on per FR gap or per UE gap wouldn’t suffice to define requirements as proposed. SCS change can cause interruption on other active CCs and start of BWP switch will have to be delayed for that case as well. 

	vivo
	The intention of option 1 is for per-FR capable UE. The intention is for per-FR capable UE, within each FR, a UE process the timer-based BWP switch sequentially. 

	OPPO
	UE capacity of support independent timer-based BWP switch in different FR should be clarified firstly. Then we can decide whether to consider requirements for same FR or different FRs.

	Qualcomm
	We agree with Apple’s latest proposal. TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer, but these terms should be further clarified before the proposal gets agreed.
For example, in our understanding, TDelay is upper bounded by timer based BWP of interest’s switch delay on single CC or multiple CCs. TBWPSwitchDelayTimer is the timer based BWPs switch delays on single CC or multiple CCs that are currently occurring. Are these correct understandings?

	NEC
	We support option 7->option1 for both the cases

	Intel
	we agree with Apple’s latest proposal that UE process the timer-based switch sequentially irrespective of FR and FR gap capability which is in line with our proposal. Then the delay time is TDelay + TBWPSwitchDelayTimer. where TDelay  is upper bounded by the total delay time in the first CG where the timer based switch request is first received. TBWPSwitchDelayTimer is the delays in the second CG. 

	ZTE
	The principle should be that timer based BWP switch on multiple CCs are handled sequentially in general and for per-FR gap capable UE the timer based BWP switch on multiple CCs in different frequency range can be handled in parallel. 



Issue 1-2-3: Delay requirements for RRC based BWP switch 
· Option 1(Apple, MTK, Intel, Vivo): upper bounded by the multiple BWP switch time in CG1.
· Option 2(NEC, OPPO, Nokia, Ericsson): upper bounded by the RRC processing time in the 1st CG.
· Option 3(NEC): In NR-DC, when there is no co-ordination between CGs, RAN4 should discuss the effect of newly introduced wait time in BWP switch delay and how to convey it to gNB of 2nd CG, to avoid the gNB of 2nd CG interpreting the wait time as BWP switch failure.
· Option 4(Qualcomm): RAN4 does not define any additional requirement to handle partially overlapped RRC based BWP switching.
· Option 5(Huawei): There is no need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused.
· Recommended WF: 
· Further discussion.
	Company
	Comments

	Mediatek
	At first, based on RAN2 spec. TS38.331,
	12	Processing delay requirements for RRC procedures
The UE performance requirements for RRC procedures are specified in the following tables. The performance requirement is expressed as the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation). In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.



Thus, RRC processing time = multiple BWP switch time.
Option 1 and option 2 has the same value.

	Huawei
	We support option 5. From our understanding. The description in RAN2 is for the case where the sequential RRC command is based on the configuration of the former one. However, for NR-DC RRC-based BWP switch, the BWP switch within one CG is triggered by separate RRC commands, and there is no preconditions before these 2 RRC commands. So we didn’t see the need to consider the RRC based BWP switch from 2 CGs in NR-DC in serial.

	Ericsson
	We support Option 2.

	Apple
	We support option 1. When RRC procedure involves BWP switching, the RRC processing time is the BWP switch delay.

	Vivo
	Support option 1

	OPPO
	Share the similar view as MTK.

	Qualcomm
	We support option 1. 
After receiving one RRC based BWP switch command, UE needs to switch the BWP and send RRC reconfiguration complete message to the network before it can process another RRC based BWP switch command. Hence, during partial overlap, the additional delay for RRC based BWP switch should be upper bounded by the multiple BWP switch time in CG1.

	NEC
	If wait time is introduced then option 3 has to be discussed and clarified first. Option 3 is problem created by introducing wait time. We think, it is reasonable to not to extend if problem specified in option 3 exists.
Otherwise we prefer Option 5. If there is different understanding among companies about what does text in RAN2 mean, we can send LS to RAN2, before introducing wait time.


	Intel
	We support option 1. From the description of RAN2, the RRC processing time is the BWP switch delay.

	ZTE
	We support option 2.

	Nokia
	We support Option 2. UE processes a single RRC command at a time.




CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going Wis, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2007680
Huawei
	Ericsson: Values are still under discussion. The basic terminologies like simultaneous and non-simultaneous BWP switching are not clearly defined. Their definitions and applicability of requirements are mixed up causing misinterpretation. Hence too early to agree on CR in first round.

	
	Apple: Many of the values for delay requirements are still under discussion. Also, the definition of N as captured in 8.6.2A.1 hasn’t been agreed 
Since we don’t have similar requirements for partial-overlap case for DCI and timer based switch, we suggest having them in 2 sections rather than 1 section


	
	Vivo: a few places need more discussion

	
	Qualcomm: Many values for delay requirements are still under discussion. Also, the scenarios for which DCI and RRC based partial BWP switches are applicable have not been captured, as well. We also agree with Apple that the requirements for partial overlap of DCI and timer based BWP switches are not similar, either.
We suggest discussing this CR after finalizing these different issues.

	
	Nokia: CR can be discussed in next round when we have conclusion on the open issues

	R4-2008191
Nokia
	Ericsson: Seems OK. Implements the agreement from previous meeting on “independent interruptions”.
Suggested change:
When the DCI-based, timer-based or RRC-based downlink BWP switch and/or uplink BWP switch occur on multiple CCs over at least partially overlapping time, the interruption requirements described in this section apply for each BWP switch.

	
	Nokia: To Ericsson, we have the agreement on the interruption for both simultaneous and partial overlapping cases.

	
	

	R4-2008192
Nokia
	Ericsson: Seems OK. Implements the agreement from previous meeting on “independent interruptions”.
Suggested change:
When the DCI-based, timer-based or RRC-based downlink BWP switch and/or uplink BWP switch occur on multiple CCs over at least partially overlapping time, the interruption requirements described in this section apply for each BWP switch.

	
	Nokia: To Ericsson, we have the agreement on the interruption for both simultaneous and partial overlapping cases.

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	[bookmark: _Hlk41570066]Issue 1-1-1: Delay requirements for DCI/timer based BWP switch

	; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs; FFS on D and K
Tentative agreement: No agreement in the 1st round.
Candidate options:
· Options for D:
· Option 1(MTK, NEC, Huawei, Ericsson, ZTE): D=100us for Type 1; 200 us for Type 2
· Option 2(Apple): D = 450us for Type 1; 1.5ms for Type 2; 
· Option 3(Intel, Qualcomm, Vivo, OPPO): some value between option 1 and option 2.
· Option 3a (Intel, Qualcomm, Vivo, OPPO): D = 200us for Type 1 and 800us for Type 2
· Option 3b (OPPO): D = 200us for Type 1 and 450us for Type 2
· Option 4 (Nokia): D = 100us for both Type 1 and Type 2
· Definition of  N (Huawei, MTK): For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR.
The options are still quite diverse. Apple raise the solution to add some limitation about the number of CCs with simultaneous switch in order to be within k0/k2 on FR2. However, some other companies still have concern about the impact to the Scell activation. Since the delay time is highly related to the UE implementation, another alternative way is to define a new UE capability and the delay time is depended on the reported UE capability.
Recommendations for 2nd round: Further discussion is needed. Suggest companies to agree about a compromise value. if no compromised value can be agreed, can a new UE capability be defined to solve the problem?

	[bookmark: _Hlk41570073]Issue 1-1-2: Delay requirements for RRC based BWP switch

	; Where DRRC is FFS
extended delay for RRC based BWP switching on multiple CCs is needed. 
Tentative agreement: No agreement in the 1st round.
Candidate options:
· Option 1(Apple, Ericsson): DRRC = 1.5ms
· Option 1a (OPPO, Ericsson): DRRC = 1.5ms for N (N ≤ 8) cells
· Option 2(MTK, NEC, Huawei, Nokia, Ericsson, ZTE): DRRC = 0ms 	
· Option 3(Vivo, Ericsson, NEC): DRRC = D (agreed value for DCI/timer based BWP switch). 
· Option 4(Intel, Ericsson, OPPO): if N<=3, re-use the existing requirement. if N>3, DRRC =1.5ms. where N is the total number of CCs.
· Option 5 (Qualcomm, Ericsson, OPPO): DRRC = 800 us in the Delay requirements for RRC based BWP switch.
                                     Note: Spec clarifies that RRC configures UE to switch to BWPs in activated SCells only.
· Option 6 (Ericsson): DRRC ≤ 1.5ms
· Option 7(Ericsson, NEC, Intel) if N<=3, re-use the existing requirement. if N>3, DRRC =D. where N is the total number of CCs.
The options are still quite diverse. some companies prefer no time extension since the original RRC processing delay is already quite relax. Some other companies have concern if the number of CCs is large, the time may not be enough. Ericsson further propose a compromise way. if N<=3, re-use the existing requirement. if N>3, DRRC =D. since the D is derived from issue 1-1-1, if no compromise value is agreed, it seems that RRC based delay can still be dependent on the new UE capability.
Recommendations for 2nd round: further discussion.

	Issue 1-1-3: TBWPswitchDelay when SCS changes

	Tentative agreement in the 1st round:
· the simultaneous BWP switch on multiple CCs case, if the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
Recommendations for 2nd round:  N/A


	Issue 1-2-1: Conditions for requirements with partial overlap switch

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· Option 1 with update (Apple, MTK, Vivo, Intel, OPPO, NEC, ZTE): 
DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
· (Qualcomm, Apple, Intel, ZTE) No requirement is defined for RRC based BWP switch with partial overlap within a cell group
 Most companies agree about the latest version provided by Apple and Qualcomm. 
Recommendations for 2nd round:  companies are encouraged to check if option 1 with extra condition added by Qualcomm is agreeable.

	[bookmark: _Hlk41570083]Issue 1-2-2: Delay requirements for Timer based BWP switch 

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· Option 1 (Vivo):    the switch delay of one timer based BWP switch on one FR will not be impacted by a partial overlap timer based BWP switch on the other FR.   
· Option 2 with update (Apple, Qualcomm, Intel):
· TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer, where TDelay is upper bounded by timer based BWP switch delay on single CC or multiple CCs. TBWPSwitchDelayTimer is the timer based BWP switch delay on single CC or multiple CCs. 
· Option 3 (MTK): UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in NR-DC.
· Option 4(Intel): For timer and RRC based partial overlap triggered BWP switching, the delay time is upper bounded by the multiple BWP switch delay in the first CG.
· Option 5(OPPO): Clarify the assumption for UE capacity of support independent timer-based BWP switch in different FR.
· Option 6(Qualcomm): RAN4 does not define any requirement to address the impact from partially overlapped and timer-based BWP switching in the other FR.
· If a requirement must be defined, the same principle of existing requirement can be extended across FRs, i.e. timer-based BWP switch in one FR should be delayed by ongoing timer-based BWP switch in another FR.
· Option 7: Depending on whether UE is capable of per-FR gap.
· For UE capable of per-FR gap: 
· Option 1 (Huawei, NEC):  TDelay+TBWPSwitchDelay where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range.
·  Option 2 (Ericson):   UE capable of per FR gap, shall be able to perform BWP switching on any two CCs across the two CGs over partially or fully overlapping time period by including an extra margin (Tother,CG) in the total delay BWP switching delay for.
· Tother,CG is defined as follows:
· 
· Where:
· N = 2 is the number of CCs across CGs on which partial overlap BWP switching occurs during at least partially overlapping time.  
· K is number of CCs that can be processed simultaneously
· D is delay.
· The values of K and D agreed for simultaneous BWP switching on multiple CCs shall be reused. 

· For UE not capable of per-FR gap: 
· Option 1 (Huawei, NEC):  TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs.
· Option 2 (Ericsson): UE not capable of per FR gap, shall perform partial overlap BWP switching on all CCs across both CGs sequentially on first-come-first served basis.
The main issue is that for timer based BWP switch on multiple CCs, if UE is capable of per-FR gap and the timer based BWP switch happens in two frequency range, can it be handled in parallel or sequentially? Some companies support that the processing can be in parallel, while some others prefer not to differentiate the case and define it in a simple way.
Recommendations for 2nd round:  further discussion. Whether to define a unified requirement or separate requirement dependent on the UE capability of per -FR gap.

	Issue 1-2-3: Delay requirements for RRC based BWP switch 

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· Option 1(Apple, MTK, Intel, Vivo, Qualcomm): upper bounded by the multiple BWP switch time in CG1.
· Option 2(NEC, OPPO, Nokia, Ericsson, ZTE): upper bounded by the RRC processing time in the 1st CG.
· Option 3(NEC): In NR-DC, when there is no co-ordination between CGs, RAN4 should discuss the effect of newly introduced wait time in BWP switch delay and how to convey it to gNB of 2nd CG, to avoid the gNB of 2nd CG interpreting the wait time as BWP switch failure.
· Option 4(Qualcomm): RAN4 does not define any additional requirement to handle partially overlapped RRC based BWP switching.
· Option 5(Huawei, NEC): There is no need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused.
The majority companies agree to define the requirement for RRC based switch. The remaining issue is whether BWP switch time equals to RRC processing time defined in RAN2. If it is, then option 1 and option 2 are the same.
Recommendations for 2nd round:  Discuss whether BWP switch time equals to RRC processing time defined in RAN2. If it is, then option 1 and option 2 are the same. Then the tentative agreement is that for partial overlap case, RRC based BWP switch delay is upper bounded by the multiple BWP switch time (RRC processing) in CG1.




Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	1
	Way forward on BWP switching on multiple CCs
	Intel



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2007680
	to be revised

	R4-2008191
	to be revised

	R4-2008192
	to be revised



Discussion on 2nd round (if applicable)
Sub-topic 1-1: Simultaneous BWP switch on multiple CCs
Issue 1-1-1: Delay requirements for DCI/timer based BWP switch
; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs; FFS on D and K
· Options for D:
· Option 1(MTK, NEC, Huawei, Ericsson, ZTE): D=100us for Type 1; 200 us for Type 2
· Option 2(Apple): D = 450us for Type 1; 1.5ms for Type 2; 
· Option 3(Intel, Qualcomm, Vivo, OPPO): some value between option 1 and option 2.
· Option 3a (Intel, Qualcomm, Vivo, OPPO): D = 200us for Type 1 and 800us for Type 2
· Option 3b (OPPO): D = 200us for Type 1 and 450us for Type 2
· Option 4 (Nokia): D = 100us for both Type 1 and Type 2
· Option 5: Define new UE capability and the requirement is dependent on the UE capability.
· Definition of  N (Huawei, MTK): For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR
· Recommend WF: further discussion is needed. 
	Company
	Comments

	Qualcomm
	This already got agreed in GTW session.
Define new UE capabilities for BWP switching on multiple CCs
Type 1: D = 100us, 200us
Type 2: D = 400us, 800us, 1000us
Same capabilities apply for FR1 and FR2

	Apple
	For value of N we propose to define N as the number of CCs with simultaneous BWP switch. We don’t understand the reason behind the proposal on defining it as number of CCs in same FR if per FR gap is supported. What happens when its mixed FR and per FR gap is supported. What about when BWP switch involves SCS change? To keep it simple, we propose to define N as number of CCs with simultaneous BWP switch.
--Update 06/03 4AM UTC --
To MTK, So will the requirement be defined on a set of CCs in same FR and doesn’t have SCS change in BWP switch? If we consider multiple such sets isn’t the delay going to be the same as defining N as total number of CCs? 


	NEC
	Definition of N: We can agree to Huawei proposal.

	ZTE
	For D, we already have agreements.
For N, it is reasonable the per-FR gap capable UE can handle the BWP switching in parallel. We support the proposal.

	MTK
	To Apple,
We think originally the concept of defining BWP switch based on per-FR gap is introducing by Apple. The idea is to simplify the discussion on interruption. If we already agreed to introduce the per-FR gap capability in partially overlap case, we think it’s reasonable to apply to this simultaneous case here.
We can also agree not to consider SCS change in this scenario.

	Intel
	For the definition of N, we can agree with Huawei’s proposal.



Issue 1-1-2: Delay requirements for RRC based BWP switch
; Where DRRC is FFS
extended delay for RRC based BWP switching on multiple CCs is needed. 
· Option 1(Apple, Ericsson): DRRC = 1.5ms
· Option 1a (OPPO, Ericsson): DRRC = 1.5ms for N (N ≤ 8) cells
· Option 2(MTK, NEC, Huawei, Nokia, Ericsson, ZTE): DRRC = 0ms 	
· Option 3(Vivo, Ericsson, NEC): DRRC = D (agreed value for DCI/timer based BWP switch). 
· Option 4(Intel, Ericsson, OPPO): if N<=3, re-use the existing requirement. if N>3, DRRC =1.5ms. where N is the total number of CCs.
· Option 5 (Qualcomm, Ericsson, OPPO): DRRC = 800 us in the Delay requirements for RRC based BWP switch.
                                     Note: Spec clarifies that RRC configures UE to switch to BWPs in activated SCells only.
· Option 6 (Ericsson): DRRC ≤ 1.5ms
· Option 7(Ericsson, NEC, Intel) if N<=3, re-use the existing requirement. if N>3, DRRC =D. where N is the total number of CCs.
· Recommend WF: further discussion.

	Company
	Comments

	Qualcomm
	Given the agreement of issue 1-1-1, we support option 3.
Some companies mentioned that the existing timeline for RRC based BWP switch is too relaxed. However, that depends on UE implementation and existing Rel-15 timeline might be tight in some UE implementation. That’s why, we think that the incremental delay should be same for both DCI/timer and RRC based BWP switch.

	Apple
	With the agreement on D for DCI and timer based BWP switch, we support Option 3. 

	NEC
	We support option 3.

	Huawei 
	We support option2. Companies should note that compared with DCI-based BWP switch, the delay requirements has already been times longer. For option 3, it means we will have different UE capability also for RRC-based BWP switch. However, we didn't differentiate it for single CC RRC-based BWP switch.

	ZTE
	Option 2.

	MTK
	We support option 2.
To make progress, we can also compromise to option 7 with single value D.

	vivo
	Support option 3. It is hard to find a reasonable logic to support different design on the scaling parts between DCI/timer triggered switch and RRC triggered switch

	Intel
	we support option 3. For RRC based BWP switch on multiple CCs, it depends on the UE capability and the delay is the same as that in DCI/timer triggered BWP switch in simultaneous case.

	Nokia
	We support Option 2, DRRC = 0ms




Sub-topic 1-2: Partial overlap BWP switch on multiple CCs
Issue 1-2-1: Conditions for requirements with partial overlap switch
· Option 1 with update (Apple, MTK, Vivo, Intel, OPPO, NEC, ZTE): 
DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
· (Qualcomm, Apple, Intel, ZTE) No requirement is defined for RRC based BWP switch with partial overlap within a cell group
· Recommend WF: companies are encouraged to check if option 1 with extra condition is agreeable.
	Company
	Comments

	Qualcomm
	We support option 1 with update.
As we mentioned during the 1st round, in our understanding, RRC based BWP switch with partial overlap was defined for FR1 + FR2 in NR-DC because network might not be able to co-ordinate sending RRC commands across different frequency ranges in a DC scenario. However, this only applies for different cell groups. Within a cell group, network should still be able to co-ordinate and send an RRC command only after previous RRC based BWP switch gets completed. Within a cell group, after receiving one RRC based BWP switch command, UE should switch the BWP and send RRC reconfiguration complete message to the network before receiving another RRC based BWP switch command. Note that, this is applicable for any RRC configuration command. 
That is why, we propose to add the text “no requirement is defined for RRC based BWP with partial overlap within a cell group”.

	Apple
	We support option 1 with additional clarification proposed by Qualcomm in 1st round. 

	NEC
	We are OK to add additional clarification suggested by Qualcomm

	Huawei
	We agree with option 1 and the additional condition.

	ZTE
	Agree with the updated option 1.

	MTK
	We agree with option 1 and the additional condition. 
But we want to further check whether “no requirement is defined for RRC based BWP with partial overlap within a cell group” was already agreed in Reno’s meeting.
	· Delay requirement for non-simultaneous triggering
· Triggered by the same method (Timer or RRC)
· DCI: FFS for NR-DC
· RRC: NR-DC only
· Timer: Both CA and NR-DC


Why we need to agree it again?

	vivo
	Support option 1

	Intel
	We agree with recommend WF.



Issue 1-2-2: delay requirement for Timer based BWP switch 
· Sub1: if UE is capable of per-FR gap and the timer based BWP switch happens in two frequency range, whether UE handled timer-based BWP switch in parallel or sequentially
· Option 1: in parallel
· Option 2: sequentially
· Recommend WF: further discussion
· Sub 2: delay requirement 
· Option 1: Don’t differentiate UE capability of per-FR gap 
· TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer, where TDelay is upper bounded by timer based BWP switch delay on single CC or multiple CCs. TBWPSwitchDelayTimer is the timer based BWP switch delay on single CC or multiple CCs.
· Option 2: Dependent on the UE capability of per-FR gap
· For UE capable of per-FR gap: 
· Option 1 (Huawei, NEC):  TDelay+TBWPSwitchDelay where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range.
·  Option 2 (Ericson):   UE capable of per FR gap, shall be able to perform BWP switching on any two CCs across the two CGs over partially or fully overlapping time period by including an extra margin (Tother,CG) in the total delay BWP switching delay for.
· Tother,CG is defined as follows:
· 
· Where:
· N = 2 is the number of CCs across CGs on which partial overlap BWP switching occurs during at least partially overlapping time.  
· K is number of CCs that can be processed simultaneously
· D is delay.
· The values of K and D agreed for simultaneous BWP switching on multiple CCs shall be reused. 

· For UE not capable of per-FR gap: 
· Option 1 (Huawei, NEC):  TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs.
· Option 2 (Ericsson): UE not capable of per FR gap, shall perform partial overlap BWP switching on all CCs across both CGs sequentially on first-come-first served basis.
· Option3: RAN4 does not define any requirement to address the impact from partially overlapped and timer-based BWP switching in the other FR.
· Recommend WF: further discussion
	Company
	Comments

	Qualcomm
	Sub 1:
Support option 2. 
Timer based BWP switch occurs when UE does not have any activity in its current BWP. Hence, speeding up timer based BWP switch timeline is not as essential as speeding up DCI/RRC based BWP switching. That’s why, we prefer to keep things simple. 
Sub 2:
Our original preference is option 3 because we don’t think that this is an essential use case. So, we don’t need to define requirements for it.
However, we can agree to option 1 to reach an agreement. We prefer option 1 over option 2 in this issue for the same reasons that I mentioned in sub 1. However, the text should be clarified further, e.g., 
“TDelay is the time delayed by ongoing BWP switching on other single or multiple CCs. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or multiple CCs.”


	Apple
	Sub 1: We support option 2. In addition to UE supporting per FR gap, we also need to consider the case when BWP switch involves SCS change. In order to keep the requirements simple, we propose to consider sequential processing of BWP switch for timer based switch with partial overlap for all cases.
Sub 2: We support option 1. With option 2, another case to consider is when BWP switch involves SCS switch. Firstly partial overlap BWP switch should not be a common occurrence and we prefer to keep the requirements simple rather than have many cases. 

	NEC
	We prefer Sub 1->option 1, Sub2->option2->option1. 
However, to make progress we can compromise to Sub 1->option2 and Sub 2->Option 1, under the assumption that timer based BWP is triggered after BWP inactivity timer expiry for power saving. 

	Huawei
	Sub1: option 1
Per RAN1’s spec, UE will delay the timer-based BWP switch by the ongoing BWP switch within the same FR. As commented in the first round, the BWP switch involve SCS change could has impact on the BWP switch in the other FR. We agree with the observation, but UE should not delay the BWP switch for the ongoing BWP switch from other FR, which is not align with RAN1’s spec. We propose to define the same conditions as 1-2-1, that the BWP switch does not involve SCS change. 
Sub2: option 
Under the condition that there are no SCS changes, we thing option 2-1 in is reasonable. 
For option 1, there is something needs clarification. “TDelay is upper bounded by timer based BWP switch delay on single CC or multiple CCs” , so what is meaning of “BWP switch delay on multiple CCs”, is it simultaneous or partial overlapping, or just something like N*TBWPSwitchDelay?

	ZTE
	Sub 1: Option 1. We share Qualcomm’s view.
Sub 2: Option 1.

	MTK
	We support QC’s view.
Sub 1:
Option 2. 
Sub 2:
 Option 1 with further clarification.

	vivo
	For Sub1, we can support option 2 in order to make the requirements simple although our original preference is option 1. For sub2, we support option 1 if option 2 is selected for Sub1.  

	Intel
	Sub1: option 2. 
Sub2: option 1. However, the equation may need more clarification or modification. 
Before the equation is clarified, In the draft WF R4-2008675, the candidate options are descripted by words first, which are shown as follows:
	For UE not support per-FR gap:
· UE shall conduct the BWP switch for different request sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in NR-DC.
For UE support per-FR gap:
· Option 1: same as for UE not support per-FR gap
· Option 2: UE shall conduct the BWP switch for different request in the same FR sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in NR-DC.




 For UE not support per-FR gap, it seems that majority company agree to process the switch sequentially. However, for UE support per-FR gap, there are different understanding. Our preference is to define a delay which is processed by UE sequentially no matter whether it supports per-FR gap or not.




Issue 1-2-3: Delay requirements for RRC based BWP switch 
· Sub1: whether RRC processing time is equal to BWP switch time in RAN2 (In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table (Table 12.1-1 in TS 38.331) plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.)
· Option 1: YES
· Option 2: NO
· Recommend WF: option 1.
· Sub 2:  delay requirement
· Option 1(Apple, MTK, Intel, Vivo, Qualcomm): upper bounded by the multiple BWP switch time in CG1.
· Option 2(NEC, OPPO, Nokia, Ericsson, ZTE): upper bounded by the RRC processing time in the 1st CG.
· Option 3(NEC): In NR-DC, when there is no co-ordination between CGs, RAN4 should discuss the effect of newly introduced wait time in BWP switch delay and how to convey it to gNB of 2nd CG, to avoid the gNB of 2nd CG interpreting the wait time as BWP switch failure.
· Option 4(Qualcomm): RAN4 does not define any additional requirement to handle partially overlapped RRC based BWP switching.
· Option 5(Huawei, NEC): There is no need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused.
· Recommend WF: if option 1 is adopted in Sub1, then option 1 and option 2 are equal in Sub2, either one of them can be agreed.
	Company
	Comments

	Qualcomm
	Sub 1:
We agree with MTK’s comments in the 1st round and support option 1. 
Sub 2: 
Support option 1. 
Because after receiving one RRC based BWP switch command, UE should switch the BWP and send RRC reconfiguration complete message to the network before starting to process another RRC based BWP switch command

	NEC
	Sub 1: 
Our understanding is option 2. After processing one RRC command, UE can process another RRC command. UE do not have to wait till transmission of RRC complete message. UE cannot transmit RRC complete though it processed RRC message because UE new BWP switch is not completed by the time UE finish RRC processing. 
Sub 2:
We support option 5 due to the reason that it may introduce new problem stated in option 3 if wait time is introduced. 

	Huawei
	Sub 1:
Option 2
We re-check the RAN2’s spec (is pasted below), it is clear that UE should process the message not the whole procedure triggered by the message in order.
TS 38.331
process the received messages in order of reception by RRC, i.e. the processing of a message shall be completed before starting the processing of a subsequent message;

Sub 2:
Based on sub 1, we can compromise to option 2. Though we still think it may only make sense when RRC commands are received within the same CG, and for NR-DC we see no benefits for the waiting time for both NW and UE. 


	ZTE
	Sub 1: Option 2
We agree with NEC that actual RRC processing time does not include BWP switching time
Sub 2: Option 2

	MTK
	To HW, NEC,ZTE,
Could you further check the definition on RRC processing delay in RAN2 spec.? 
	12	Processing delay requirements for RRC procedures
The UE performance requirements for RRC procedures are specified in the following tables. The performance requirement is expressed as the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation). In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.




	vivo
	Sub1: option 1; Sub2: option 1

	Apple
	Sub1: Option 1 In RAN2 spec it is very clear what RRC processing delay is when BWP switch is involved.
Sub 2: Option 1

	Intel
	Sub1: option 1.  In 38.331, there is clear definition for RRC procedure delay for BWP switch, which will take BWP switch delay into account.
In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.
Sub 2: if option 1 is agreed in Sub1, both option 1 or option 2 in Sub 2 are fine.

	Nokia
	Sub 1: Option 2, RRC processing delay is just the RRC procedure delay defined in Table 12.1-1 in TS 38.331
Sub 2: Option 2 



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	
	Status summary 

	Issue 1-1-1: 
	Delay requirements for DCI/timer based BWP switch for simultaneous case
; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs
· Value of D: 
   - Agreement in 2st round: 
· Define new UE capabilities for BWP switching on multiple CCs
· Type 1: D = 100us, 200us
· Type 2: D = 400us, 800us, 1000us
· Same capabilities apply for FR1 and FR2
Tentative agreement:
· Definition of  N : 
  - Option 1: N is the number of CCs with simultaneous BWP switch.
  - Option 2: For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR


	Issue 1-1-2
	Delay requirements for RRC based BWP switch for simultaneous case
Tentative agreement:
; 
Where DRRC is FFS.
· Option 1: DRRC = 0ms 	
· Option 2: DRRC = D (agreed value for DCI/timer based BWP switch)
· Option 3: if N<=3, re-use the existing requirement. if N>3, DRRC =D. where N is the total number of CCs.


	Issue 1-2-1
	Conditions for requirements with partial overlap switch
Tentative agreement:
· DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
    -   No requirement is defined for RRC based BWP switch with partial overlap within a cell group


	Issue 1-2-2

	delay requirement for Timer based BWP switch for partial overlap case
Tentative agreement:
Sub1: if UE is capable of per-FR gap and the timer based BWP switch happens in two frequency range, whether UE handled timer-based BWP switch in parallel or sequentially
· Option 1: in parallel
· Option 2: sequentially
Sub2: Delay requirement for timer based BWP switch
· Option 1: Don’t differentiate UE capability of per-FR gap 
TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple CCs. 
Note: more clarification can be added for Tdelay and TBWPSwitchDelayTimer if identified necessary
· Option 2: Dependent on the UE capability of per-FR gap
      Requirements are defined when when BWP switch doesn’t involve SCS change 
For UE capable of per-FR gap:
	TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered 	multiple CCs within the same frequency range. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple 	CCs. 
For UE not capable of per-FR gap:
	TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; 	TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods 	of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP 	switch on multiple CCs
Note: more clarification can be added for Tdelay and TBWPSwitchDelayTimer if identified necessary


	Issue 1-2-3 

	Delay requirements for RRC based BWP switch for partial overlap case
Tentative agreement:
Sub1: Whether RRC processing time is equal to BWP switch time in RAN2 (In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table (Table 12.1-1 in TS 38.331) plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.)
· Option 1: Yes
· Option 2: No
Sub2: Delay requirement for RRC based BWP switch
· Option 1:upper bounded by the multiple BWP switch time in CG1.
· Option 2:upper bounded by the RRC processing time in the 1st CG.
· Option 3:No need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused


	
	



	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2008675
	The WF is recommended to be approved.


	R4-2008676
	The CR is recommended to be agreed.


	R4-2008677
	The CR is recommended to be agreed.


	R4-2008678
	The CR is recommended to be agreed.




Topic #2: UL Spatial Relation Info Switching 
In last meeting, there are some agreements in WF in R4-2005340 for UL spatial relation info switching:
· No requirement is needed for spatial relation info switching associated with UL SRS.
· No requirement is needed for MAC CE based spatial relation info switching associated with SRS for PUCCH.
· No requirement is needed for RRC based spatial relation info switching associated with SRS for P-SRS.
· No requirements are defined for spatial relation info switching delay for PUSCH.
· No requirements are defined for spatial relation info switching for PUCCH when PUCCH-SpatialRelationInfo is not configured.
· No requirements are defined for spatial relation info switching for RRC based spatial relation info switching with DL-RS for PUCCH.
· Define delay requirement for RRC based spatial relation info switching with DL-RS for P-SRS.
· Define DCI based spatial relation info switching delay for A-SRS.
· When spatial relation info associated with DL-RS
· For unknown spatial relation condition, there is no requirement. 
· For known spatial relation condition, refer to RAN1 spec.
· Define delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH.
· Define delay requirement for MAC CE based spatial relation info switching with DL-RS for SP-SRS.
· The known condition on spatial relation when associated with DL-RS,
The spatial relation associated to DL RS is known if the following conditions are met:
-	During the period from the last transmission of the DL RS resource used for the L1-RSRP measurement reporting for the target spatial relation to the completion of active spatial relation switch, where the DL RS resource for L1-RSRP measurement is the DL RS in target spatial relation or QCLed to the target spatial relation with QCL type-D.
-	Spatial relation switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target spatial relation before the spatial relation switch command
-	The [DL RS configured in spatial relation] remains detectable during the spatial relation switching period
-	The SSB associated with the spatial relation remains detectable during the spatial relation switching period
-	SNR of the spatial relation ≥ -3dB
Otherwise, the spatial relation is unknown.
There are still many open issues:
· Whether define the spatial relation delay requirement for UE which only supports BC Bit-0?
· Whether to consider timing tracking when associated DL-RS
· Define delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH
· Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS

Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006204
	Apple
	Observation #1: For BC Bit-0 UE when spatial relation info is associated with DL-RS, the UE might need additional uplink beam sweeping.
Proposal #1: UL spatial relation info switch requirements are only applicable for BC Bit-1 UE
Proposal #2: When the UL spatial relation info associated with a DL RS with unknown TCI state, no requirements are specified and its left to UE implementation
Proposal #3: UL spatial relation info switching requirements shall not consider DL time tracking in delay requirements.
Proposal #4: For MAC CE based uplink spatial relation info switch associated with DL-RS the requirements are defined as: THARQ + 3ms; for known spatial relation and THARQ + 3ms + TL1-RSRP; for unknown spatial relation.
Proposal #5: For RRC based uplink spatial relation info switch associated with DL-RS the requirements are defined as: TRRC-processing; for known spatial relation and TRRC-processing + TL1-RSRP; for unknown spatial relation.


	R4-2006478
	MTK inc.
	Proposal 1: Same spatial relation delay requirement is applicable for UEs which support BC Bit-0 and Bit-1.
Proposal 2: Fine timing tracking is required when the target spatial relation associated to DL-RS QCLed with a different qcl-Type1 RS.
Proposal 3: Fine timing tracking is required when the target spatial relation associated to unknown DL-RS.
Proposal 4: It should be an error configuration when PUSCH/PUCCH and SRS associated with different QCL-Type A(or C) DL-RSs in one slot. In this situation, it’s up to UE to decide whether to adjust the timing or not.
Proposal 5: For unknown spatial relation switch, UE is allowed to transmit signals with previous spatial domain transmission filter during the Rx beam training phase.
Proposal 6:  The MAC CE based spatial relation switching associated with DL-RS for PUCCH and semi-persistent SRS is shown as follow.
· For known spatial relation, THARQ +3ms + TOk*(Tfirst-SSB + TSSB-proc);
· For unknown spatial relation, THARQ + 3ms + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc).
Where, 
TOk = 1 if target spatial relation associated to DL-RS QCLed with a different qcl-Type1 RS, 0 otherwise.
TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement.
Proposal 7:  The RRC based spatial relation info switching associated with DL-RS for P-SRS is shown as follow.
· For known spatial relation, TRRCprocessing + TOuk*(Tfirst-SSB + TSSB-proc);
· For unknown spatial relation, TRRCprocessing + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc).


	R4-2006554
	Intel Corporation
	Proposal 1: When UL transmission is configured with spatial relation info associated with DL RS and the TCI state of the DL RS is unknown, don’t define requirement.
Proposal 2: no DL timing tracking is needed when UL signal is associated with DL-RS.
Proposal 3: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH could be defined as 	
For known TCI state:
					THARQ +3ms/NR slot length
for unknown TCI state	
				THARQ +(3ms+ TL1-RSRP)/NR slot length
Proposal 4: No need to define extra delay time in RAN4 for RRC based spatial relation info switching associated with DL-RS for P-SRS.
Proposal 5: Spatial relation delay requirement can apply for UE who supports Bit-0 or Bit-1.

	R4-2006875
	NTT DOCOMO, INC.
	Proposal 1: Delay requirement shall be defined regardless of BC-Bit.
Proposal 2: UE shall use previous TX beam or drop the corresponding UL transmission when the UL signal has spatial relation to an unknown TCI-state.
Proposal 3: Timing tracking shall not be required for UL spatial relation info switching.
Proposal 4: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH shall be THARQ +3ms (or THARQ +3ms/NR slot length in slots) for known TCI state and THARQ +3ms + TL1-RSRP (or THARQ +(3ms + TL1-RSRP)/NR slot length in slots) for unknown TCI state.
Proposal 5: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS shall be TRRCprocessing for known TCI state and TRRCprocessing + TL1-RSRP for unknown TCI state.


	R4-2007160
	Nokia, Nokia Shanghai Bell
	1. For known case, MAC CE based spatial relation switching, the UE delay requirement is THARQ + 3ms (option 1).
For unknown case, MAC CE based spatial relation switching, the UE delay requirement is THARQ + 3ms + ‘time for tracking’ (option 3).
Define switch delay based on the RRC processing time plus additional switch delay (option 3).
RRC switch with unknown timing should include time for RRC processing, switch and reasonable time tracking delay (option 2).
For bit-0 UE not indicating beamCorrespondenceWithoutUL-BeamSweeping is allowed delay for UL SRS sweep.
Option 2, the UE does not transmit in UL until UE has gained timing of the DL RS.
For the time tracking discussion and open issues our view is:
Subtopics 1: The WF is not clear about whether this relates to known or unknown case. Additionally, the question is not clear to us and we would prefer more discussion on this subtopic to understand the actual scenario.
Subtopic 2: This seems to be same question as already discussed before. Hence, if the associated DL RS is unknown the UE should be allowed time to perform time tracking. Option 2.
Subtopic 3: Assuming this address whether or not the UE shall be able to transmit with correct transmit timing for PUSCH/PUCCH and SRS when different DL-RS is in one slot, we believe this is needed. Hence, option 2. This would be needed in order to ensure reception at gNb and orthogonality of the received signal.

	R4-2007496
	Qualcomm
	Observation 1: 38.214 proposes UE to switch its spatial relation corresponding to a RS immediately after 3 ms. This requirement does not depend on whether the RS is known or unknown.
· Adoption of option 1 will lead to mismatch between 38.214 and 38.133 and one of these two specs will have to be clarified further regarding this issue.
Observation 2: When spatial relation changes to a DL RS, UE needs additional time to do time tracking. Otherwise, UE will not be able to set its UL transmission timing properly and will interfere with other UE’s signals that are occurring in the same symbol.
Observation 3: When PUSCH/PUCCH and SRS associated with different DL-RSs fall in one slot, UE might be forced to transmit uplink with two different timings at the same slot.
Observation 4: For Ues that support BC bit-0,
· If a DL RS is known or unknown will depend not only on the time when UE received the last DL RS but also on the time when UE transmitted the last corresponding UL SRS 
· If spatial relation is changed to an unknown DL RS, UE may require one or both of DL RS signals for DL L1-RSRP computation and UL SRS signal so that gNB can inform UE the proper UL TX beam.

Proposal 1: When the UL signal has spatial relation to an unknown DL RS,
· UE’s selection of spatial relation during the delay period is up to its implementation and it does not need to be specified.
Proposal 2:
· Consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS.
· Consider timing tracking when associated DL-RS is an unknown DL RS.
· It is up to UE whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs are in one slot.

Proposal 3: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH,
· For known TCI state: THARQ +3ms + time for time tracking if applicable
· For unknown TCI state: THARQ + 3ms + TL1-RSRP + time for time tracking if applicable

Proposal 4: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS,
· For known TCI state: TRRCprocessing + time for time tracking if applicable
· For unknown TCI state: TRRCprocessing + TL1-RSRP + time for time tracking if applicable

Proposal 5: Prioritize to define delay requirement for Ues which support BC bit-1 during the May meeting. The detailed requirements for Ues that support BC bit-0 can be discussed during the August meeting.

	R4-2007749
	Huawei, Hisilicon
	Proposal 1: When PUCCH-SpatialRelationInfo is provided, upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n, 
· If the spatial relation associated downlink RS is in the active TCI state list, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
Proposal 2: Periodic SRS spatial relation switching delay is specified as below,
· If the spatial relation associated downlink RS is in the active TCI state list,  the periodic SRS spatial relation switching delay is TRRC_processing;
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
Proposal 3: Semi-persisitent SRS spatial relation switching delay can be specified as below,
Upon receiving MAC-CE activation command indicating triggering a new semi-persistent SRS in slot n, 
· If the spatial relation associated downlink RS is in the active TCI state list, UE shall be able to transmit a Semi-persisitent SRS with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.


	R4-2007789
	Ericsson
	Proposal 1:		A UE that is reporting BC bit-0 capability shall fulfillehavi spatial relation switching delay requirements associated with SRS. Hence any such requirements explicitly defined by RAN4 shall apply for Ues reporting BC bit-0 and BC bit-1, respectively. With reference to the options in the WF, this would conditionally correspond to Option 1.
Proposal 2:		The UE behaviour when UL signal has a spatial relation to an unknown DL RS shall be well defined. With reference to the options in the WF, either Option 1 or Option 2 shall be specified.
Proposal 3:	Time tracking is not considered in spatial relation switching delay requirements. With reference to the options in the WF, our preference is Option 1/Option1/Option1.
Proposal 4:	Delay requirement MAC CE-based spatial relation switching with asscoiatedehaviord DL-RS is as follows:
- for known DL-RS:  		THARQ +3ms/NR slot length
- for unknown DL-RS: 		THARQ +(3ms+ TL1-RSRP)/NR slot length
With reference to the options in the WF, this corresponds to Option 1a/Option 1a.
Proposal 5:	Delay requirement for RRC-based spatial relation switching with associated DL-RS is as follows:
- for known DL-RS: 			TRRCprocessing
- for unknown DL-RS: 		TRRCprocessing + TL1-RSRP
With reference to the options in the WF, this corresponds to Option 3/Option 3.




Open issues summary and companies view’s collection
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: General
Sub-topic description: Requirements for general 
Open issues and candidate options before e-meeting:
Issue 2-1-1: When the UL signal has spatial relation to an unknown DL RS
· Option 1 (MTK, Ericsson, NTT DOCOMO): UE transmits using previous TX beam
· Option 2 (NTT DOCOMO, Nokia, Ericsson): Drop UL transmission until spatial relation info is known
· Option 3 (Apple, Intel, Qualcomm): Up to UE implementation and no requirement is needed to be specified
· Recommended WF: Further discussion.

	Company
	Comments

	Mediatek
	We are fine with both option 1 and option 2.
The key point here is both network and UE shall have a clear information on UE’s behavior. If it’s up to UE implementation, spatial relation switching in one UE may cause a strong interference to a neighbor UE. This shall be avoided in system perspective.

	Huawei
	Support option 3. No requirements for the case UE switching to an UL beam which is associated with unknown DL RS.

	Ericsson
	Support Option 1/Option 2. We would like to have a well-defined UE ehavior, but do not have a strong view on whether Option 1 or Option 2 is specified.

	Apple
	We support option 3. Depending on the UL signal UE might either transmit with best known beam or simply drop the transmission. No requirements should be defined. 

	Qualcomm
	We support option 3.
Option 3 allows RAN1 and RAN4 specs to be consistent. RAN1 spec expects UE to switch its RX beam 3 ms after UE sends the ACK corresponding to TCI switch command. On the other hand, RAN4 spec provides a much longer TCI state switch timeline if the RS corresponding to the new TCI state is unknown. 
A similar issue arises in switching UL spatial relation, as well. The best way to solve this issue is to not define any requirement during the transition period and leave this up to UE implementation.

	Intel
	we support option 3 and leave it to UE implementation since the UL performance can’t be guaranteed if the spatial relation info is unknown. On the other hand, it’s hard to test the UE behaviour in this case.

	ZTE
	Option 1. Network can decide whether to schedule the UE on old Tx beam or not.

	Nokia
	Having a well-defined behaviour is important in our view. Additionally, RAN4 should follow RAN1 and have aligned behaviour. Option 1 or option 2.

	NTT DOCOMO, INC.
	We support Option 1/Option 2 in principle to avoid unexpected interference. But in real commercial situation, the objective scenario seems to be a rare case therefore we can compromise to Option 3.

	Samsung
	We support option 3.



Issue 2-1-2: Whether define the spatial relation delay requirement for UE which supports BC Bit-0 and Bit 1
· Option 1 (Apple): UL spatial relation info switch requirements are only applicable for BC Bit-1 UE
· Option 2: Define requirement for UEs that support BC bit-0
· Option 2a (MTK, Ericsson): Same spatial relation delay requirement is applicable for UEs which support BC Bit-0 and Bit-1.
· Option 2b (NTT DOCOMO, Intel): Delay requirement shall be defined regardless of BC-Bit
· Option 2c (Nokia): For bit-0 UE not indicating beamCorrespondenceWithoutUL-BeamSweeping is allowed delay for UL SRS sweep.
· Option 2d (Qualcomm): Prioritize to define delay requirement for UEs which support BC bit-1 during the May meeting. The detailed requirements for UEs that support BC bit-0 can be discussed during the August meeting.
· Recommended WF: 
· Further discussion.
	Company
	Comments

	Mediatek
	We agree on that for UE only supports BC BIT-0, it will need SRS beam sweeping assistance to have a better beam angle accuracy compared with BC BIT-1 UE in beam correspondence test, but now what we discussed is the spatial relation processing delay.
BIT0 UE may not be configured with SRS beam sweeping before network askes the UE to transmit the uplink signals, such as A-SRS. In this situation, the uplink performance of BIT0 UE will experience some loss.
We suggest to define the delay requirement for BC Bit-0 UE without SRS beam sweeping. If we consider SRS beam sweeping, it shall be defined when UE is associated with SRS which was already agreed deprioritized.

	Huawei
	Support option 1.
BC bit-0 UE needs additional UL beam sweeping. When an DL the uplink relation switching is indicated, if the associated DL RS is known, UE can directly switch to the new beam, however performance is degraded; if the associated DL RS is unknown, from UE implementation point of view, UE’s behavior is complicated ( UE may perform both DL and UL beam sweeping). So we suggest the UL spatial relation info switch requirements we discussed so far are applicable to BC bit-1 UE.

	Ericsson
	Agree with MTK’s comment. SRS beam sweeping would be a prerequisite for the switching for a BC bit-0 UE, but not part of the switching delay itself.

	Apple
	We support Option 1. We would like to understand the rationale for setting DL-RS based UL spatial relation for BC Bit0 UE. We suggest the requirements are only applicable to BC Bit1 UE.
--Update 05/26-- 
The requirements currently discussed are applicable to BC bit-1 UE. We can discuss if new requirements are defined for BC bit-0 UE. But we would like to understand the motivation to set DL-RS based UL spatial relation info for BC Bit-0 UE.

	Qualcomm
	We support option 2, in general. 

If no requirement is defined for BC bit-0, network will not be able to guarantee performance for UL beam switch for these UEs. We are not sure about the efficacy of option 2a because UEs with BC bit-0 will require UL SRS sweep so exact requirement may not be used. We propose to define the exact delay requirement for these UEs in the next meeting.

	Intel
	we support option 2. 
The current requirement can apply for Bit-1 UE. For Bit-0 UE, it can meet the requirement only if it finishes the uplink beam sweeping. However, bit-0 UE can still transmit the UL signal applying beam QCL-ed with DL RS with some performance loss. It’s suggested to define requirement for bit-0 UE as well.

	ZTE
	We support option 2a.

	MTK
	Option 2a. We want to further clarify option 2a as follow.
Whether UE supporting BIT0 or BIT1, it shall have beam correspondence capability. We don’t think UL SRS sweeping is a mandatory procedure for BIT0 UE before transmitting signals. 
The difference is the performance. For BIT0 UE, if no SRS sweeping, the accuracy performance will be loss(in TS38.101-2 it’s 3dB). However, currently, we’re discussing on the delay requirement. When UE is configured with a spatial relation switching command, the UE will just follow the command to switch the Tx beam and transmit the signals. The procedure shall be the same for both BIT0 and BIT1 UE.

	Nokia
	Support option 2 in general. We are also fine focusing the work in this meeting as proposed by Qualcomm (option 2d).

	NTT DOCOMO, INC.
	Agree with MTK’s comment and we support Option 2a. Our intention is not to define sepalate requirement for BC-Bit 0 and 1. Delay requirement should specify the switching delay to new spatial relation info which is indicated by NW even if it is not the best beam.

	Samsung
	Option 1. For this meeting, it is better to just focus on Bit-1 UE. For bit-0 UE, when discussed in RF session, it is expected by many UE vendors that SRS shall be always configured otherwise the performance can’t be guaranteed. The delta_EIRP is just a compromised test procedure and it should be not used as evidence that bit-0 UE can work with some performance degradation without SRS sweeping and also used as evidence to claim bit-0 UE is bad UE, which is not the intention to introduce bit-0 UE. If no SRS sweeping is allowed to UE, the expected performance degradation is hard to judge: Btw, in 38.101-2, it is not just as simple as 3dB degradation, instead it is the 85% CDF of delta EIRP, while all the measurement should be done in “spherical coverage” area, in PC3, it is top 50% spherical coverage. In other words, it is possible bit-0 UE have bigger performance loss if SRS sweeping is not provided. 



Issue 2-1-3: Whether to consider DL timing tracking when associated DL-RS
· Sub1. Whether to consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS?
· Option 1(Apple, Intel, NTT DOCOMO, Ericsson): No
· Option 2(MTK, Qualcomm): Yes
· Option 3: Up to UE
· Option 4 (Nokia): The WF is not clear about whether this relates to known or unknown case. Additionally, the question is not clear to us and we would prefer more discussion on this subtopic to understand the actual scenario.
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1(Apple, Intel, NTT DOCOMO, Ericsson): No
· Option 2(MTK, Nokia, Qualcomm): Yes
· Option 3: Up to UE
· Sub3. Whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot?
· Option 1 (Apple, Intel, NTT DOCOMO, Ericsson): No
· Option 2 (Nokia): Yes
· Option 3 (MTK): It should be an error configuration when PUSCH/PUCCH and SRS associated with different QCL-Type A(or C) DL-RSs in one slot. In this situation, it’s up to UE to decide whether to adjust the timing or not.
· Option 4 (Qualcomm): It is up to UE whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs are in one slot.
	Company
	Comments

	Mediatek
	Sub 1.
As mentioned in our paper, the key issue here is if UE doesn’t adjust the timing, it will result in the timing misalignment in base station and impact the performance of uplink signal’s demodulation.
Sub 2.
When UE switches to an unknown DL RS, the UE won’t have any knowledge on this DL RS. The timing of new DL RS may be different with the old DL RS’s timing.
Sub 3.
It should be an error configuration from UE’s view. It’s up to UE to decide whether to adjust the timing or not.

	Huawei
	Sub1: need to distinguish cases:
When the timing of new DL RS is different with the old DL RS’s timing, UE may adjust the uplink according to the target DL RS timing.
-if the target DL RS is in the active TCI list, it means that timing information is maintained in UE side, so no time for timing tracking is considered;
- if the target DL RS is in the active TCI list, we suggest that there is no requirements. But we also can agree that additional time for timing tracking is considered.
Sub2: add option 4: no requirements for the case.
Sub 3:Option 3. 
It is an error configuration. 

	Ericsson
	Sub 1: We support Option 1.
Sub 2: We support Option 1. 
Sub 3: We support Option 1.

	Apple
	Sub1: We support option 1. For uplink transmission the UE follows serving cell timing for the entire slot. The UE cannot adjust timing for each UL signal separately in different slots. 
Sub2: We support option 1.
Sub3: We support option 1.

	Qualcomm
	We can compromise to option 1 for sub1, sub2 and sub3. 
But, if UE does not get additional duration for fine time tracking, the accuracy of UL Tx timing should not be tested after UL spatial relation gets changed. RAN4 core spec or performance tests need to ensure that and this should be clarified in the agreements.

	Intel
	Sub 1: We support Option 1. UL SRS applying the corresponding DL timing may be more accurate to evaluate the UL beam performance.  However, the gain may not be obvious. To reduce the UE implementation complexity, it’s suggested that no DL timing tracking is needed.
Sub 2: We support Option 1. it’s the same issue as that in issue 2-1-2, we prefer that no requirement is defined and leave it to UE implementation.
Sub 3: We support Option 1. when PUSCH and SRS are transmitted in the same slot, it’s challenging for UE to change the UL timing in one slot. 

	ZTE
	Sub1:
Support option 2. As mediate commented it is important for UE to adjust uplink transmit timing to ensure the performance at BS demodulation. In addition UE should at least meeting initial transmit timing error requirements after UL spatial relation switch.
Sub 2:
Same view as for Sub1 that UE should consider DL timing tracking and meet uplink initial transmit timing error requirements after UL spatial relation switch.
Sub 3:
Option 1

	Mediatek
	Sub 1: We think HW’s suggestion is a good compromise direction. 
We can agree on HW’s proposal to introduce the active TCI list similar as DL TCI state switch to define the known case.

	Nokia
	As mentioned, we see it important to have well defined UE behavior. Defining requirements in RAN4 should allow the devices time for tracking when needed to ensure that the UL transmit timing etc. is accurate enough and does not cause unnecessary interference.
Hence, based on the discussion here it seems reasonable for sub1: option 2. Sub 2: option 2. We can discuss more and maybe split the cases as suggested by Huawei to progress.
Sub 3: there is not much difference between option 1 and 4. To progress we can leave this unspecified. However, the UE shall be able to transmit with correct transmit timing for PUSCH/PUCCH and SRS when different DL-RS is in one slot.

	NTT DOCOMO, INC.
	Sub 1: We support Option 1.
Sub 2: We support Option 1.
Sub 3: We support Option 1.

	Samsung
	Sub 1: We support Option 1.
Sub 2: We support Option 1. 
Sub 3: We support Option 1.




[bookmark: _Hlk37836318]Sub-topic 2-2: MAC CE based spatial relation info switch
Sub-topic description: Requirements for MAC CE based spatial relation switch
Open issues and candidate options before e-meeting:

[bookmark: _Hlk37836613]Issue 2-2-1: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH 
· For known spatial relation switch
· Option 1: No DL timing tracking is needed:
· Option 1a (NTT DOCOMO, Apple, Nokia): THARQ +3ms
· Option 1b (Intel, NTT DOCOMO, Ericsson): THARQ +3ms/NR slot length
· Option 1c (Huawei): 
· If the spatial relation associated downlink RS is in the active TCI state list, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): THARQ +3ms + TOk*(Tfirst-SSB + TSSB-proc), TOk = 1 if target spatial relation associated to DL-RS QCLed with a different qcl-Type1 RS, 0 otherwise.
· Option 2b (Qualcomm): THARQ +3ms + time for time tracking if applicable
· For unknown spatial relation switch
· Option 1: No DL timing tracking is needed:
· Option 1a (Apple, NTT DOCOMO): THARQ + 3ms + TL1-RSRP
· Option 1b (Intel, NTT DOCOMO, Ericsson): THARQ +(3ms+ TL1-RSRP)/NR slot length
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): THARQ + 3ms + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc), TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement.
· Option 2b (Nokia): THARQ + 3ms + ‘time for tracking’
· Option 2c (Qualcomm): THARQ + 3ms + TL1-RSRP + time for time tracking if applicable
· Option 3(Huawei): no requirement
· Recommended WF
· Further discussion
	Company
	Comments

	Mediatek
	Depends on the discussion on sub-topic 2-1. 
We suggest to come to this issue later.

	Huawei
	Need to distinguish cases:
When the timing of new DL RS is different with the old DL RS’s timing, UE may adjust the uplink according to the target DL RS timing.
-if the target DL RS is in the active TCI list, it means that timing information is maintained in UE side, so no time for timing tracking is considered;
- if the target DL RS is in the active TCI list, we suggest that there is no requirements. But we also can agree that additional time for timing tracking is considered.


	Ericsson
	Support Option 1a/1b for both known and unknown associated DL RS.

	Apple
	Option 1a and 1b are the same, just a matter of having the right units. Support 1a/1b for known and unknown case.

	Qualcomm
	Support option 1a and 1b for both known and unknown case.

	Intel
	Support 1b/1b for known and unknown case.

	ZTE
	For known case, DL timing tracking may not be needed but uplink transmit timing error should be meet based on new DL RS.
For unknown case, DL timing tracking is needed and uplink transmit timing error should be meet based on new DL RS.

	Nokia
	Support option 1a/1b for both known and unknown case

	NTT DOCOMO, INC.
	We support Option 1a/1b for both known/unknown case.



Issue 2-2-2: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for semi-persistent SRS 
· Option 1 (MTK, Huawei): the same as MAC CE based spatial relation info switching associated with DL-RS for PUCCH.
· Recommended WF
· Option 1
	Company
	Comments

	Mediatek
	Agree on recommended WF.

	Huawei
	Agree on recommended WF.

	Ericsson
	We support the recommended WF.

	Apple
	We agree with the recommended WF.

	Qualcomm
	Agree with the recommended WF.

	Intel
	Agree with the recommended WF.

	Nokia
	Support the recommended WF.

	NTT DOCOMO, INC.
	Agree with recommended WF.

	Samsung
	Agree with the recommended WF. 



Sub-topic 2-3: RRC based spatial relation info switch
Sub-topic description: Requirements for RRC based spatial relation switch for DL-RS and SRS
Open issues and candidate options before e-meeting:
[bookmark: _Hlk37836799]
Issue 2-3-1: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS
· For known spatial relation switch
· Option 1: No DL timing tracking is needed.              
· Option 1a (Apple, NTT DOCOMO, Ericsson): TRRCprocessing 
· Option 1b (Nokia): based on the RRC processing time plus additional switch delay
· Option 1c (Huawei): 
· If the spatial relation associated downlink RS is in the active TCI state list, the periodic SRS spatial relation switching delay is TRRC_processing
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): known spatial relation, TRRCprocessing + TOuk*(Tfirst-SSB + TSSB-proc);
· Option 2b (Qualcomm): TRRCprocessing + time for time tracking if applicable
· For unknown spatial relation switch
· Option 1: No DL timing tracking is needed. 
· (Apple, NTT DOCOMO, Ericsson): TRRCprocessing + TL1-RSRP
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): TRRCprocessing + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc).
· Option 2b (Qualcomm): TRRCprocessing + TL1-RSRP + time for time tracking if applicable
· Option 3(Huawei): no requirement
· Recommended WF
· Further discussion

	Company
	Comments

	Mediatek
	Depends on the discussion on sub-topic 2-1. 
We suggest to come to this issue later.

	Huawei
	Depends on the conclusion on sub topic 2-1.

	Ericsson
	Support Option 1a/1b and Option 1 for known and unknown associated DL RS, respectively.

	Apple
	Option 1a and 1 respectively for known and unknown case

	Qualcomm
	Option 1a for known case and option 1 for unknown case.

	Intel
	support option 1a and 1 for known and unknown case respectively.

	ZTE
	Same comments as for issue 2-2-1.

	Nokia
	We can also support option 1a for known scenario. For unknown scenario we can support option 1.

	NTT DOCOMO, INC.
	We support Option 1a for known case and Option 1 for unknown case.

	Samsung
	Should be aligned with previous topic’s discussion. 



CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2006479
MTK
	Company AEricsson: The details need to be settled before we can agree on this CR.

	
	Company BApple: Prefer to come back in round 2 after issues are resolved. Some comments below: 
8.12.2	Known conditions for spatial relation when associated with DL-RS
The spatial relation associated to with DL RS is known if the following conditions are met:

Why are there 2 conditions in known definition for DL RS and SSB?
-	The DL RS configured in spatial relation remains detectable during the spatial relation switching period
-	SNR of the DL RS configured in spatial relation ≥ -3dB
-	The SSB associated with the spatial relation remain detectable during the spatial relation switching period
-	SNR of the SSB associated with the spatial relation ≥ -3dB
8.12.3	MAC-CE based spatial relation switch delay

If the target spatial relation associated to DL RS is known, upon receiving PDSCH carrying MAC-CE activation command in slot n for spatial relation switch, UE shall be able to transmit PUCCH or semi-persistent SRS of the serving cell with target spatial relation or target semi-persistent SRS of the serving cell on which spatial relation switch occurs at  in the first slot that is after slot n+ THARQ + + [Tfirst-SSB + TSSB-proc / NR slot length]. The UE shall be able to transmit PUCCH or semi-persistent SRS with the old spatial relation until slot n+ THARQ +  + [Tfirst-SSB / NR slot length].
Similar comments for unknown spatial relation

	
	Qualcomm: Same comment as Ericsson.




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	[bookmark: _Hlk41570111][bookmark: _Hlk33774299]Issue 2-1-1: When the UL signal has spatial relation to an unknown DL RS

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· Option 1 (MTK, Ericsson, NTT DOCOMO, ZTE, Nokia): UE transmits using previous TX beam
· Option 2 (NTT DOCOMO, Nokia, Ericsson, MTK): Drop UL transmission until spatial relation info is known
· Option 3 (Apple, Intel, Qualcomm, Huawei, NTT DOCOMO): Up to UE implementation and no requirement is needed to be specified
The views are still quite diverse. In general, the case is a corner case, can we compromise to a proposal?
Recommendations for 2nd round: further discussion is needed.

	[bookmark: _Hlk33774399]Issue 2-1-2: Whether define the spatial relation delay requirement for UE which supports BC Bit-0 and Bit 1

	Tentative agreement: RAN4 is to define requirement for BC bit-0 UE. Requirement for BC bit-0 UE is FFS.
Candidate options:
· Option 1 (Apple, Huawei): UL spatial relation info switch requirements are only applicable for BC Bit-1 UE
· Option 2(MTK, Ericsson, NTT DOCOMO, Intel, Nokia, Qualcomm, Apple, ZTE): Define requirement for UEs that support BC bit-0
· Option 2a (MTK, Ericsson): Same spatial relation delay requirement is applicable for UEs which support BC Bit-0 and Bit-1.
· Option 2b (NTT DOCOMO, Intel): Delay requirement shall be defined regardless of BC-Bit
· Option 2c (Nokia): For bit-0 UE not indicating beamCorrespondenceWithoutUL-BeamSweeping is allowed delay for UL SRS sweep.
· Option 2d (Qualcomm, Nokia): Prioritize to define delay requirement for UEs which support BC bit-1 during the May meeting. The detailed requirements for UEs that support BC bit-0 can be discussed during the August meeting.
· Option 2e (Apple): We can discuss if new requirements are defined for BC bit-0 UE.
The majority companies agree to define the requirement for BC bit-0. The remaining issue is whether the same for separate requirement are defined for bit-0 and bit-1 UE. The requirement for bit-0 can be defined in next meeting.
Recommendations for 2nd round: The remaining issue is that if the requirement for bit-0 and bit-1 UE are the same or not.

	[bookmark: _Hlk41570119]Issue 2-1-3: Whether to consider DL timing tracking when associated DL-RS

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· Sub1. Whether to consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS?
· Option 1(Apple, Intel, NTT DOCOMO, Ericsson, Qualcomm): No
· Option 2 (MTK, Qualcomm, ZTE): Yes
· Option 3: Up to UE
· Option 4 (Nokia): The WF is not clear about whether this relates to known or unknown case. Additionally, the question is not clear to us and we would prefer more discussion on this subtopic to understand the actual scenario.
· Option 5 (Huawei, Nokia):
· When the timing of new DL RS is different with the old DL RS’s timing, UE may adjust the uplink according to the target DL RS timing.
· -if the target DL RS is in the active TCI list, it means that timing information is maintained in UE side, so no time for timing tracking is considered;
· if the target DL RS is in the active TCI list, we suggest that there is no requirements. But we also can agree that additional time for timing tracking is considered.
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1(Apple, Intel, NTT DOCOMO, Ericsson, Qualcomm): No
· Option 2(MTK, Nokia, Qualcomm, ZTE): Yes
· Option 3: Up to UE
· Option 4 (Huawei): no requirement
· Sub3. Whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot?
· Option 1 (Apple, Intel, NTT DOCOMO, Ericsson, Qualcomm, ZTE, Nokia): No
· Option 2 (Nokia): Yes
· Option 3 (MTK, Huawei): It should be an error configuration when PUSCH/PUCCH and SRS associated with different QCL-Type A(or C) DL-RSs in one slot. In this situation, it’s up to UE to decide whether to adjust the timing or not.
· Option 4 (Qualcomm, Nokia): It is up to UE whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs are in one slot.
for sub3, the majority companies agree not to define the requirement.
for sub1, the views are quite diverse. A compromise option is provided by huawei which further distinguish cases whether QCL-ed DL-RS is in active TCI-state or not.
for sub2, the views are quite diverse either.
Recommendations for 2nd round: agree not to define the requirement for sub3. Further discussion for sub 1 and sub 2. for sub-1, the case can be further distinguished: whether associated DL-RS is in active TCI-state or not.

	Issue 2-2-1: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH 

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· For known spatial relation switch
· Option 1(ZTE): No DL timing tracking is needed:
· Option 1a (NTT DOCOMO, Apple, Nokia): THARQ +3ms
· Option 1b (Intel, NTT DOCOMO, Ericsson): THARQ +3ms/NR slot length
· Option 1c (Huawei): 
· If the spatial relation associated downlink RS is in the active TCI state list, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): THARQ +3ms + TOk*(Tfirst-SSB + TSSB-proc), TOk = 1 if target spatial relation associated to DL-RS QCLed with a different qcl-Type1 RS, 0 otherwise.
· Option 2b (Qualcomm): THARQ +3ms + time for time tracking if applicable
· For unknown spatial relation switch
· Option 1: No DL timing tracking is needed:
· Option 1a (Apple, NTT DOCOMO): THARQ + 3ms + TL1-RSRP
· Option 1b (Intel, NTT DOCOMO, Ericsson): THARQ +(3ms+ TL1-RSRP)/NR slot length
· Option 2(ZTE): DL timing tracking is needed:
· Option 2a (MTK): THARQ + 3ms + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc), TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement.
· Option 2b (Nokia): THARQ + 3ms + ‘time for tracking’
· Option 2c (Qualcomm): THARQ + 3ms + TL1-RSRP + time for time tracking if applicable
· Option 3(Huawei): no requirement
Recommendations for 2nd round: Depends on the discussion on sub-topic 2-1-3. 

	Issue 2-3-1: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS

	Tentative agreement: No agreement in the 1st round.
Candidate options:
· For known spatial relation switch
· Option 1(ZTE): No DL timing tracking is needed.              
· Option 1a (Apple, NTT DOCOMO, Ericsson): TRRCprocessing 
· Option 1b (Nokia): based on the RRC processing time plus additional switch delay
· Option 1c (Huawei): 
· If the spatial relation associated downlink RS is in the active TCI state list, the periodic SRS spatial relation switching delay is TRRC_processing
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): known spatial relation, TRRCprocessing + TOuk*(Tfirst-SSB + TSSB-proc);
· Option 2b (Qualcomm): TRRCprocessing + time for time tracking if applicable
· For unknown spatial relation switch
· Option 1: No DL timing tracking is needed. 
· (Apple, NTT DOCOMO, Ericsson): TRRCprocessing + TL1-RSRP
· Option 2(ZTE): DL timing tracking is needed:
· Option 2a (MTK): TRRCprocessing + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc).
· Option 2b (Qualcomm): TRRCprocessing + TL1-RSRP + time for time tracking if applicable
· Option 3(Huawei): no requirement
Recommendations for 2nd round: Depends on the conclusion on sub topic 2-1-3.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	Way forward on UL spatial relation info change
	MTK



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2006479
	to be revised



Discussion on 2nd round (if applicable)
Sub-topic 2-1: General
Issue 2-1-1: When the UL signal has spatial relation to an unknown DL RS
· Option 1 (MTK, Ericsson, NTT DOCOMO): UE transmits using previous TX beam
· Option 2 (NTT DOCOMO, Nokia, Ericsson): Drop UL transmission until spatial relation info is known
· Option 3 (Apple, Intel, Qualcomm): Up to UE implementation and no requirement is needed to be specified
· Recommended WF: Further discussion.
	Company
	Comments

	Qualcomm
	Support option 3 to keep RAN1 and RAN4 specs consistent.

	Apple
	We support option 3. This issue has been discussed without any agreement. With option 1 or 2, will this be for clarifying UE behavior and will not be tested? If we have agreement that its only for defining UE behavior, we are okay with supporting option1 or 2 in order to make progress. 

	ZTE
	Option 1. Network can decide whether to schedule the UE on old Tx beam or not.

	MTK
	To make progress, we can compromise to option 3.

	Intel
	support option 3. Prefer not to define requirement since it’s hard to test the UE behavior.

	NTT DOCOMO, INC.
	We can compromise Option 3. This scenario seems to be a kind of misconfiguration thus NW can avoid to fall into this scenario.

	Nokia
	As mentioned, the most important is to have well defined UE behaviour. One question to option 1: would this behaviour be aligned with the RAN1 assumptions?



Issue 2-1-2: Whether define the spatial relation delay requirement for UE which supports BC Bit-0 and Bit 1
Agreement in the 1st round: Define requirement for BC bit-0 UE. Requirement for BC bit-0 UE is FFS.

Issue 2-1-3: Whether the spatial relation delay requirement for UE which supports BC Bit-0 and Bit 1 are same or different
· Option 1: Yes
· Option 2 : No
· Recommended WF: Further discussion.

	Company
	Comments

	Qualcomm
	Support option 2. 
Since BC bit-0 UEs UL signal will be spatially related to an UL SRS, the existing requirements may not be applicable. We propose to discuss and define the exact requirements in the next meeting.

	Apple
	We support option 2. We think we need to define requirements separately for BC Bit-0 UE as there might be additional considerations for enabling SRS beam sweep. We also suggest to discuss the requirements in next meeting. 
-- update 06/03 4 AM UTC -- 
To MTK – If we have agreement that BC Bit-0 will only have UL SRS as spatial relation then we can agree no requirements need to be considered for BC Bit-0 UE. I believe we are talking about the case where BC Bit-0 UE has DL-RS for UL spatial relation. In that case the requirements being discussed will not be applicable and we need to check further what needs to be considered and hence we propose to discuss in next meeting. 

	MTK
	To QC, Apple,
We already agreed to deprioritize the discussion for uplink spatial related to UL SRS in 94e-bis.
The agreement is as follow.
	WF on spatial relation switch(R4-2005340)
· No requirement is needed for spatial relation info switching associated with UL SRS.


If this is the only reason you think BC Bit0 UE is different with Bit1 UE, I think we don’t need to further discuss it because this case was already precluded.
Currently, we only discuss the scenario that Bit0 UE associated with DL RS. From our understanding, Bit0 UE shall also transmit the uplink signals with the same delay as Bit1 UE based on beam correspondence, but the performance can be loss.

	Intel
	It’s fine to discuss the requirement in next meeting.

	NTT DOCOMO, INC.
	We support Option 1. The switching delay requirement should be defined as “required delay for switching from old UL spatial relation info to new UL spatial relation info following NW indication via DCI/MAC-CE/RRC”. Although BC Bit-0 UE needs SRS beam sweeping to ensure the performance, it does not result in spatial relation info modification.

	Nokia
	Recommended WF is acceptable. We support option 1. As such we see that the switching as a starting point could be the same. We do not need to define requirements such that it assumes a specific implementation.



Issue 2-1-4: Whether to consider DL timing tracking when associated DL-RS
· Sub1. Whether to consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS?
· Option 1(Apple, Intel, NTT DOCOMO, Ericsson, Qualcomm): No
· Option 2 (MTK, Qualcomm, ZTE): Yes
· Option 3: Up to UE
· Option 4 (Nokia): The WF is not clear about whether this relates to known or unknown case. Additionally, the question is not clear to us and we would prefer more discussion on this subtopic to understand the actual scenario.
· Option 5 (Huawei, Nokia):
· When the timing of new DL RS is different with the old DL RS’s timing, UE may adjust the uplink according to the target DL RS timing.
· -if the target DL RS is in the active TCI list, it means that timing information is maintained in UE side, so no time for timing tracking is considered;
· if the target DL RS is in the active TCI list, we suggest that there is no requirements. But we also can agree that additional time for timing tracking is considered.
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1(Apple, Intel, NTT DOCOMO, Ericsson, Qualcomm): No
· Option 2(MTK, Nokia, Qualcomm, ZTE): Yes
· Option 3: Up to UE
· Option 4 (Huawei): no requirement
· Sub3. Whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot?
· Option 1 (Apple, Intel, NTT DOCOMO, Ericsson, Qualcomm, ZTE, Nokia): No
· Option 2 (Nokia): Yes
· Option 3 (MTK, Huawei): It should be an error configuration when PUSCH/PUCCH and SRS associated with different QCL-Type A(or C) DL-RSs in one slot. In this situation, it’s up to UE to decide whether to adjust the timing or not.
· Option 4 (Qualcomm, Nokia): It is up to UE whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs are in one slot.
· Recommended WF: agree option 1 for sub3. Further discussion for sub 1 and sub 2.

	Company
	Comments

	Qualcomm
	We support option 1 for sub1, sub2 and sub3.
We don’t think that UL Tx timing accuracy need to be tested in these tests. This may force UE to perform one shot UL Tx timing adjustment and RAN4 will need to spend much more time to see the accuracy that UE can achieve here. If UL Tx timing accuracy doesn’t get tested, UE does not need additional time for time tracking in any of these three scenarios. 

	Apple
	We support option 1 for sub1 and sub2.
In the GTW session there was discussion on introducing requirements to verify UL timing accuracy with UL spatial relation info switch. We don’t think it’s necessary for UE to track DL timing or adjust UL timing for UL spatial relation switch and definitely not required to verify UL timing accuracy. 

	ZTE
	Sub 1: Option 2.
Sub 2: Option 2.
Sub 3: Option 1.
In addition UE should meeting initial transmission time accuracy requirements after spatial relation switch based on downlink timing of new DL-RS

	MTK
	There are different views between network and UE side on this timing tracking.
The question is whether UE should meet initial transmit timing accuracy requirements with target uplink spatial relation. 
To make progress, can we compromise to only define the requirement for the DL RS in active TCI list in this meeting? From our understanding, UE shall know the timing for this DL RS and doesn’t need additional timing tracking duration. 
If the DL RS isn’t in TCI list, maybe there is no requirement need to be defined.

	Intel
	support option 1 for Sub 1, sub2 and Sub 3.
The same comment as in the first round and there is no need to test the UL timing accuracy.

	NTT DOCOMO, INC.
	We support Option 1 for all the sub cases. UL timing is based on DL timing which is already tracked. Even if the best DL beam is switched due to the UE mobility, firstly TCI state shall be switched and this TCI state change requires timing tracking delay according to existing spec if needed. After that the UE receives spatial relation info switching command.

	Nokia 
	Sub 1: as commented in the online session, assuming this is addressing the known case we can support option 1.
Sub 2: As mentioned, the most important is to have well defined UE behaviour. Hence, option 1 or option 2.
Sub 3: we are fine with the recommended WF.



Sub-topic 2-2: MAC CE based spatial relation info switch
Issue 2-2-1: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH 
· For known spatial relation switch
· Option 1: No DL timing tracking is needed:
· Option 1a (NTT DOCOMO, Apple, Nokia): THARQ +3ms
· Option 1b (Intel, NTT DOCOMO, Ericsson): THARQ +3ms/NR slot length
· Option 1c (Huawei): 
· If the spatial relation associated downlink RS is in the active TCI state list, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): THARQ +3ms + TOk*(Tfirst-SSB + TSSB-proc), TOk = 1 if target spatial relation associated to DL-RS QCLed with a different qcl-Type1 RS, 0 otherwise.
· Option 2b (Qualcomm): THARQ +3ms + time for time tracking if applicable
· For unknown spatial relation switch
· Option 1: No DL timing tracking is needed:
· Option 1a (Apple, NTT DOCOMO): THARQ + 3ms + TL1-RSRP
· Option 1b (Intel, NTT DOCOMO, Ericsson): THARQ +(3ms+ TL1-RSRP)/NR slot length
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): THARQ + 3ms + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc), TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement.
· Option 2b (Nokia): THARQ + 3ms + ‘time for tracking’
· Option 2c (Qualcomm): THARQ + 3ms + TL1-RSRP + time for time tracking if applicable
· Option 3(Huawei): no requirement
· Recommended WF: dependent on conclusion of issue 2-1-4.

	Company
	Comments

	Qualcomm
	For both known and unknown spatial relation switches, we support both 1a and 1b. We think that they are equivalent.

	Apple
	We support Option 1a/1b with the correct time units for known and unknown case.

	ZTE
	Option 2/2 for known and unknown cases
On the condition addition uplink transmit timing requirements after spatial relation switch should be specified.

	MTK
	Support option 1c

	Intel
	support 1b for both know and unknown case.

	NTT DOCOMO, INC.
	We support Option 1a/1b for both known/unknown case.

	Nokia
	Seems more discussion is needed as views are diverse. We support same as in round 1.



Sub-topic 2-3: RRC based spatial relation info switch
· For known spatial relation switch
· Option 1: No DL timing tracking is needed.              
· Option 1a (Apple, NTT DOCOMO, Ericsson): TRRCprocessing 
· Option 1b (Nokia): based on the RRC processing time plus additional switch delay
· Option 1c (Huawei): 
· If the spatial relation associated downlink RS is in the active TCI state list, the periodic SRS spatial relation switching delay is TRRC_processing
· If the spatial relation associated downlink RS is not in the active TCI state list or unknown, no requirement is defined.
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): known spatial relation, TRRCprocessing + TOuk*(Tfirst-SSB + TSSB-proc);
· Option 2b (Qualcomm): TRRCprocessing + time for time tracking if applicable
· For unknown spatial relation switch
· Option 1: No DL timing tracking is needed. 
· (Apple, NTT DOCOMO, Ericsson): TRRCprocessing + TL1-RSRP
· Option 2: DL timing tracking is needed:
· Option 2a (MTK): TRRCprocessing + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc).
· Option 2b (Qualcomm): TRRCprocessing + TL1-RSRP + time for time tracking if applicable
· Option 3(Huawei): no requirement
· Recommended WF: dependent on conclusion of issue 2-1-4.
	Company
	Comments

	Qualcomm
	For known spatial relation switch, we support option 1a.
For unknown spatial relation switch, we support option 1.

	Apple
	We support option 1a for known and option 1 for unknown case. 

	ZTE
	Option 2/2 for known and unknown cases
On the condition addition uplink transmit timing requirements after spatial relation switch should be specified.

	MTK
	Support option 1c and 3.

	Intel
	Support option 1a for known and option 1 for unknown case

	NTT DOCOMO, INC.
	We support Option 1a for known case and Option 1 for unknown case.

	Nokia
	Seems more discussion is needed as views are diverse. We support same as in round 1.



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 

	
	Status summary 

	Issue 2-1-1

	When the UL signal has spatial relation to an unknown DL RS
Tentative agreement:
· Option 1: UE transmits using previous TX beam
· Option 2: Drop UL transmission until TCI state is known
· Option 3: Up to UE implementation and no need to be specified.


	Issue 2-1-3
	Whether the spatial relation delay requirement for UE which supports BC Bit-0 and Bit 1 are same or different
Tentative agreement:
· Option 1: Yes
· Option 2 : No


	Issue 2-1-4

	Whether to consider DL timing tracking when associated DL-RS
Tentative agreement:
· Sub1. Whether to consider timing tracking when associated DL-RS is known but QCLed with a different qcl-Type1 RS?
· Option 1: No
· Option 2: Yes
· Option 3: No requirement will be defined.
· Option 4: 
· No for SRS spatial relation changes
· Yes for PUCCH spatial relation changes
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1: No
· Option 2: Yes
· Option 3: No requirement will be defined
· Sub3. Whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot?
· Option 1: No

	Issue 2-2-1
	Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH 
Tentative agreement:
· For known spatial relation but the DL RS is not in the active TCI list
· Option 1: THARQ +3ms
· Option 2: THARQ +3ms + time for time tracking if applicable
· For unknown spatial relation
· Option 1: THARQ + 3ms+ TL1-RSRP
· Option 2: THARQ + 3ms+ TL1-RSRP + time for time tracking if applicable
· Option 3: No requirements will be defined


	Issue 2-3-1
	Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS
Tentative agreement:
· For known spatial relation but the DL RS is not in the active TCI list
· Option 1: TRRCprocessing
· Option 2: TRRCprocessing + time for time tracking if applicable
· For unknown spatial relation
· Option 1: TRRCprocessing + TL1-RSRP
· Option 2: TRRCprocessing + TL1-RSRP + time for time tracking if applicable
· Option 3: No requirements will be defined


	
	



	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2008679
	The WF is recommended to be approved.

	R4-2008680
	The CR is recommended to be agreed.

	
	

	
	


Topic #3: Non-simultaneous UL carrier operation in FR2 
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	
	
	



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1 : RRM plan
Sub-topic description: Requirements for MAC CE based spatial relation switch for DL-RS and SRS
Open issues and candidate options before e-meeting:
Issue 3-1-1: RRM scope
· Recommended WF
· No contribution is submitted under this agenda. It is suggested to remove Non-simultaneous UL carrier operation from scope of R16 RRM enhancement

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	
	

	
	

	
	

	
	

	
	


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	
	



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



[bookmark: _GoBack]Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”










