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1.	Introduction
In RAN2#99bis, RAN2 discussed the UE behaviour on the BWP that is deactivated and agreed as follows.
Agreeements:
1	Behaviour on the BWP that is deactivated 
-       not transmit on UL-SCH on the BWP;
-       not monitor the PDCCH on the BWP;
-       not transmit PUCCH on the BWP;
-       not transmit on PRACH on the BWP;
-       do not flush HARQ buffers when doing BWP switching (unless an issue is identified)
2	RAN2 will not support MAC CE BWP switching

[NR UP/MAC] Impact of BWP – LG 
-	Indentify impact of BWP on different MAC functions 
-	Outcome: set of proposals and potential TP
-	Deadline before next meeting

In this e-mail discussion, it is aimed to discuss first the UE behaviour on the BWP that is activated. Based on the UE behaviour on the BWP activated/deactivated, it is to be discussed whether additional specification work or discussion is needed to address the impact of BWP switching on the MAC functions such as RA, SR, DRX, LCP, HARQ, etc.
2.	Discussion
2.1	The UE behaviour on a BWP that is activated
Based on the RAN2 agreement for the UE behaviour on a BWP that is deactivated, it could be considered that the UE behaviour on a BWP that is activated includes the followings.
1. PDCCH monitoring on the BWP
2. PUCCH transmission on the BWP, if configured.
3. PRACH transmission on the BWP, if configured.
4. PUSCH transmission on the BWP
Question 1.Do companies agree the UE behaviour on a BWP that is activated that are listed above? 
	Company
	Yes/No
	Any additional UE behaviour required on a BWP that is activated?

	LG
	Yes
	

	ASUSTeK
	Maybe Yes
	If the intention of this question is to confirm the inverse statement of the agreements, then the wording might be a little bit inaccurate. Anyway, we agree that UE canperform the above behaviour on an active BWP.
In addition, it is not clear whether PRACH resource is under the scope of BWP or not, and it seems no RAN1 agreements for this have been made yet. RAN2 should ask RAN1 for confirmation.

	Ericsson
	Yes, but..
	There seems to be a need to discuss “CQI/PMI/RI/PTI/CRI reporting” for the deactivated/activated BWP

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Samsung
	Yes
	Note that RAN1 made an offline agreement on initial active UL BWP for msg3 and HARQ A/N to msg4, but not for PRACH resource for preamble.

	MediaTek
	Yes
	We were wondering about PDSCH reception. We think the UE must also receive PDCSH in the activated BWP. It may also be noted that the PDCCH and PDSCH may not be in the same BWP. Not also that PUSCH transmission does not apply to DL only carriers. 

	Qualcomm
	Yes, but…
	We think the question could be phrased more precisely, i.e. we should separate behaviors on DL and UL BWPs. For a DL BWP, UE behaviors include PDCCH monitoring and PDSCH reception.  For a UL BWP, UE behaviors include PUSCH, PUCCH (if configured), and PRACH (if configured) transmission.

	InterDigital
	Yes
	

	Intel
	Yes
	

	Lenovo/MotM
	Yes
	

	vivo
	Yes
	But we think RAN2 also needs to discuss the UE behaviors related to SRS and CQI reporting.

	Nokia, NSB
	Yes
	

	OPPO
	Yes
	We think the PDSCH receiving should also be considered in the activated BWP even though as RAN1 agreed that the PDSCH and its corresponding PDCCH can be in different BWP

	ETRI
	Yes
	

	Fujitsu
	Yes
	

	Panasonic
	Yes
	

	CATT
	Yes
	It should be more accurate though to distinguish “UL” and “DL” BWPs in the above proposals.

	NTT DOCOMO
	Yes
	We agree the behaviour listed by rapporteur should be included at least. But, we think that PDSCH reception (and SRS transmission?) should be also covered.



Summary 1. All companies agree that the UE behavior on the active BWP includes the followings. 
1. PDCCH monitoring on the BWP
2. PUCCH transmission on the BWP, if configured.
3. PUSCH transmission on the BWP
Some highlights are summarized below:
1. For PRACH transmission on the active BWP, 2 companies think we need RAN1 input/confirmation. The rapporteur thinks that it would be good to assume that PRACH transmission can be performed on the active BWP from RAN2 perspective and revisit only if a problem is identified.
2. For SRS and CQI reporting on the active/deactivated BWP, 2 companies think RAN2 need to discuss. However, the rapporteur thinks it is RAN1 discussion and RAN2 may not be able to make a decision.
3. For PDSCH reception on the active BWP, 2 companies think it needs to be added as UE behavior on the active BWP. The rapporteur understands that it is correct to perform PDSCH reception on the active BWP and it may be clearer to specify it in the specification because NR generally allows PDCCH and PDSCH on different points in time.
Proposal 1. The UE behavior on the active BWP includes the followings. 
1. PDCCH monitoring on the BWP
2. PUCCH transmission on the BWP, if configured.
3. PUSCH transmission on the BWP
4. PRACH transmission on the BWP, if configured.
Open issue 1. RAN2 needs to discuss whether to specify PDSCH reception as the UE behaviour on the active BWP.

2.2	SCell Activation/Deactivation
Background: 
According to RAN1 agreements, for PCell, initial active BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI. For SCell, SCell configuration/reconfiguration indicates the first active BWP, and Activation/Deactivation command MAC CE doesn’t include any information regarding the first active BWP. 
Therefore, it could be understood that when PCell is newly added or SCell is firstly activated, there is always an active BWP, which is an initial active BWP for PCell and a first active BWP for SCell.
Question 2. Do companies agree that when PCell is newly added, the initial active BWP is used without additional activation of the initial active BWP?
	Company
	Yes/No
	Reason

	LG
	Yes
	There should be no case that PCell is active without any active BWP.

	ASUSTeK
	Yes
	We think this is RAN1’s intention, under the assumption that “when PCell is newly added” means before or during initial access.

	Ericsson
	Yes
	There seems to be no gain in delaying the activation of the BWP. Also, the assumption is that there is always one BWP activated in a cell.

	ZTE
	No
	If no BWP is activated on PCell, then there is no way to send the BWP activation command to UE, so we agree that there should be a BWP activated once the PCell is added. However, similar as SCell, we think the first activated BWP for PCell should be configurable and can be different from the initial active BWP (e.g. wider BWP can be used).

	Huawei, HiSilicon
	
	It is not crystal clear what “PCell is newly added” means. If it means that the UE transitions from IDLE to CONNECTED, we think in this case the gNB should configure dedicated BWP(s) using RRC dedicated signalling after the UE enters into the connected state. 
However, until the RRC dedicated configuration, the UE should be able to continue using the initial active BWP.

	Samsung
	Yes
	Additional activation command is not needed to “initial active DL BWP” which is already activated after RMSI reception. Even though the initial active DL BWP is switched to another, there is still an active DL BWP. On the other hand, “initial active UL BWP” could be aligned to RA configuration. For TDD, initial active UL BWP should be confined in initial active DL BWP. For FDD, the initial active UL BWP will keep to be activated separately from initial active DL BWP. Therefore, additional activation command is also not needed to the initial active UL BWP.

	MediaTek
	Yes
	Agree with prior views of companies saying “Yes”

	Qualcomm
	Yes
	Our understanding is that initial BWP is the BWP used by UEs to perform initial access and hence does not require activation.

	InterDigital 
	Yes
	No reason to do otherwise.

	Intel
	Yes
	We don’t have a concept “when PCell is newly added”. We assume the case refers to initial access and handover, and we agree that initial active BWP is used in these cases. We can simply assume that the initial active BWP is used until the network configures other BWPs.

	Lenovo/MotM
	Yes
	No need for additional activation seen

	vivo
	?
	The PCell could be added at handover. Then the BWP for the handover does not have to be initial BWP as indicated in RMSI. This can be left to network implementation.

	Nokia, NSB
	Yes
	No active cell without an active BWP should exist. However, upon HO, we think it could be possible to configure “initial active BWP” different from the initial access BWP – that is default BWP in such a case.

	OPPO
	Yes
	There is no need to send additional activation for active the initial BWP.

	ETRI
	Yes
	Additional mechanism is not needed.

	Fujitsu
	Yes
	

	Panasonic
	Yes
	Initial BWP is always activated in a cell. Hence no additional activation procedure is required to activate initial BWP.

	CATT
	Yes
	It is also our understanding that RAN1 does not consider an active cell without active BWP. There should be one in at least one direction. And it makes sense that it is the initial BWP although we agree with Nokia that it could be different from that used for initial access in HO case.

	NTT DOCOMO
	Yes
	We understand that at least one BWP is always activated and available on PCell.



Summary 2. Question 2 is to check whether there is a need of additional activation step for use of a BWP when PCell is newly added, i.e., transition from RRC_IDLE to RRC_CONNECTED. Most companies (13 out of 16) agree that the initial active BWP is used without additional activation when the PCell is newly added. 
Two companies think that, for handover case, the network should configure an active BWP which can be different from initial active BWP. However, it also means that there is anyway an active BWP for PCell from the beginning. In addition, 2 companies think that, for PCell, the network should configure an active BWP which can be different from initial active BWP. The rapporteur understood that those view were not against to that there is an active BWP for a PCell from the beginning.
Proposal 2. For PCell, no additional activation step is required to activate a BWP when PCell is newly added.

Question 3. Do companies agree that when SCell is first activated, the first active BWP of the SCell is used without additional activation of the first active BWP?
	Company
	Yes/No
	Reason

	LG
	Yes
	There should be no case that SCell is active without any active BWP.

	ASUSTeK
	Yes
	We think this is RAN1’s intention.

	Ericsson
	Yes
	Same as for Q2.

	ZTE
	Yes
	Align with the agreements made in RAN1.

	Huawei, HiSilicon
	Yes
	RAN1 agreed the follows:
· For an Scell, RRC signalingfor Scell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the Scell is activated
· NR supports Scell activation signaling that doesn’t contain any information related to the first active DL/UL BWP

It means that the first active BWP of a SCell can be configured in RRC signalling, and when the SCell is activated, the first active BWP is activated immediately. 

	Samsung
	Yes
	We understand that reduction of additional activation command is the intention of RAN1 regarding the agreement on RRC signaling for SCell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP.

	MediaTek
	Yes
	The gNB ensures that the appropriate BWP is configured before SCell activation. In our understanding, BWP configuration is part of the SCell configuration, which indicates the first active BWP and/or the default BWPs. When SCell is activated by MAC CE, the corresponding first active BWP is used.

	Qualcomm
	Yes
	According to the baseline procedure, once a SCell is activated, it should start monitoring on the PDCCH. It is therefore necessary to have a BWP ready to use upon activation of the SCell. 

	InterDigital
	Yes
	

	Intel
	Yes
	

	Lenovo/MotM
	Yes 
	Same as for Q2

	vivo
	Yes
	

	Nokia, NSB
	Yes
	Agree with Huawei. No active cell without an active BWP should exist.

	OPPO
	Yes
	Yes, we also think the initial BWP for scell can be the same with the default BWP which is used in the case when timer based BWP switch is enabled.

	ETRI
	Yes
	

	Fujitsu
	Yes
	

	Panasonic
	Yes
	We think first active BWP is automatically activated when SCell is activated. First active BWP is configured in the SCell configuration.

	CATT
	Yes
	Aligned with RAN1’s agreements that an active cell has an active BWP

	NTT DOCOMO
	Yes
	RAN1 agreed that RRC configured initial BWP and no additional mechanism is needed. 



Summary 3. All companies agree that the first active BWP is used without additional activation when the SCell is activated.
Proposal 3. For SCell, no additional activation step is required to activate a BWP when SCell is activated.

Background: 
On the activated cell, BWP switching is supported via DCI by scheduling PDSCH on an inactive BWP. By using DCI, deactivation of an active BWP and activation of an inactive BWP always come together. In other words, DCI cannot deactivate an inactive BWP without activating another BWP.
On the activated cell, the active BWP can be implicitly switched to the default BWP based on a BWP timer, which is configured by RRC. When the BWP timer expires, the active BWP is switched to the default BWP, where the default BWP of PCell/SCell is,
· For PCell, default BWP is either the initial active BWP or configured by RRC.
· For SCell, default BWP is either the first active BWP or configured by RRC.
Therefore, it could be understood that while the cell is activated, there is always an active BWP, which is could be either any BWP or a default BWP.
Question 4. Do companies agree that there is always an active BWP after a cell is activated?
	Company
	Yes/No
	Reason

	LG
	Yes
	Assuming that the BWP is activated upon PCell addition or SCell activation, and BWP switching always activates the new BWP, we think there is no case that a cell is active with no active BWP.

	ASUSTeK
	Yes 
(at least for DL BWP)
	Otherwise, UE cannot receive control signal (PDCCH) on this cell (in case this cell is self-scheduling) or cannot receive data (PDSCH) on this cell (in case this cell is cross-scheduled). There is no reason to activate a cell without any active BWP.

	Ericsson
	Yes
	It has been agreed that there is always one BWP activated on a cell.

	ZTE
	Yes
	Align with the agreements made in RAN1.

	Huawei, HiSilicon
	Yes
	If conclusion of Question 3 is yes, there should be always an active BWP for PCell/SCell.

	Samsung
	Yes
	What is the use of SCell which all BWPs are deactivated? I guess the only possible one is for measurement before SCell addition. However I think that measurement to carrier corresponding to SCell is supported without BWP configuration, based on inter-frequency measurement. So there is no case to support no active BWP at activated cell.

	MediaTek
	Yes
	Once a cell is activated, the UE must be able to decode PDCCH. This is possible only if there exists an active BWP.
But it is unclear what is meant by RRC configuration. Our understanding is that only the default BWP and initial active BWP (for SCell) needs to be configured. Any switching of BWP can only be achieved by L1 signalling, not RRC configuration.

	Qualcomm
	Yes
	Agree with the argument above.

	Intel
	Yes
	

	Lenovo/MotM
	Yes
	Already agreed by RAN1 according to our understanding

	vivo
	Yes
	

	Nokia, NSB
	Yes
	

	OPPO
	Yes
	When SCell is activated using MAC CE, the initial BWP is automatically activated without any additional signaling.

	ETRI
	Yes
	

	Fujitsu
	Yes
	

	Panasonic
	Yes
	We haven’t identified any use case for activating a cell without an active BWP.

	CATT
	Yes
	For the same reason as Q3.

	NTT DOCOMO
	Yes
	However, RAN2 need to clarify the implication of RAN2#99bis agreement that RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed). 



Summary 4. All companies agree that there is always an active BWP after a cell is activated. With Proposals 2, 3 and summary 4, it could be concluded that there is no case that a cell is active with no active BWP.
Proposal 4. There is no case that a cell is active with no active BWP.

2.3	Random Access
Background
RAN1 agreed that the initial active BWP is valid until the UE is explicitly reconfigured during/after RRC Connection establishment. As the first RRC Connection reconfiguration can be received only after the UE completes the RRC Connection establishment, it could be understood that BWP switching doesn’t occur during RA procedure for RRC Connection establishment.
Question 5. Do companies agree that BWP switching doesn’t occur during RA procedure for RRC Connection establishment?
	Company
	Yes/No
	Reason

	LG
	Yes
	

	ASUSTeK
	Yes
	Without a valid C-RNTI, it is not possible for the UE to receive a scheduling DCI (switching the BWP). We agree that BWP switching doesn’t occur during RA procedure for RRC Connection establishment in normal case. 
UE behaviour for RRC_IDLE state in NR is still unclear. This could be discussed later.

	Ericsson
	Yes
	During RA the UE will only be configured with some default or initial BWP. Any DCI, for RAR, that indicates which BWP that should be used before the UE is configured with any BWPs will not be understood by the UE and any attempt to switch BWP should be regarded as an NW error. The same goes for DCI for MSG4.

	ZTE
	Yes
	Only the initial active BWP will be used during the RA procedure for RRC Connection establishment.

	Huawei, HiSilicon
	Yes
	For idle UEs, only one initial active BWP is applicable, so there is no BWP switching.

	Samsung
	No
	Please note that initial active BWP is valid only for Connected state. So if the question intended switching of BWP during IDLE or RRC connection procedure, it may be not a valid question. Rather we should focus on when the initial active BWP is finally configured. There is a case that the first operating BW of UE (e.g. for msg1) is changed to the second operating BW of UE (e.g. for msg3). According to current RAN1 email discussion, it seems that initial UL BWP is configured in RMSI or some parameter (e.g. center frequency) is derived from initial DL BWP.

RAN1 #90 Agreements
· RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH Config.
· CORESET configured in RACH Config. can be same or different from CORESET configured in NR-PBCH

RAN1 AH3 Agreements
· At least for initial access, 
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP

Based on above agreement, BW for monitoring PDCCH for RAR can be different from BW for receiving RMSI. Also, RAN1 agreement says it is FFS whether BWP for RAR and BWP for Msg 4 can be different. Maybe we can take same BWP for RAR/Msg 4 as working assumption and revisit it if RAN1 decide to support different BWP.

	MediaTek
	Yes
	We think there is no need for optimization to support earlier switching.

	Qualcomm
	Yes
	Agree with the argument in the Background.

	InterDigital
	Yes
	No BWP switching should occur during RRC connection establishment.

	Intel
	Yes
	

	Lenovo/MotM
	Yes
	Agree with arguments above.

	vivo
	Yes
	There is no way for the NW to change the BWP before knowing the UE capability.

	Nokia, NSB
	Yes
	Agree with ZTE and Huawei.

	OPPO
	Yes
	Initial BWP is used before RRC connection establishment, since there is no other BWPs to be used.

	ETRI
	Yes
	

	Fujitsu
	Yes
	

	Panasonic
	Yes
	

	CATT
	Yes
	We see no reason for this to happen.

	NTT DOCOMO
	Yes
	



Summary 5. One company points out that RAN1 is still discussing whether BWP switching could occur for Msg2/Msg4. However, most companies (15 out of 16) agree that BWP switching shouldn’t occur during RA procedure for RRC Connection establishment.
Proposal 5. BWP switching should not occur during RA procedure for RRC Connection establishment.

Background
If the UE in RRC_CONNECTED performs an RA procedure, BWP switching could occur in the following cases:
· Case 1. RA procedure is ongoing on an active BWP, and the network performs BWP switching via DCI.
· Case 2. RA procedure is ongoing on an active BWP other than the default BWP, and the BWP timer for the active BWP expires.
The case 1 may happen when the network doesn’t know whether the UE is performing RA procedure or not, i.e., the UE initiated an RA procedure on a PCell and the network sends a DCI for BWP switching on the PCell.
The case 2 may happen when the BWP timer expires before the UE restarts the BWP timer. Given that the UE restarts the BWP timer when the UE successfully decodes DCI scheduling PDSCH on an active BWP, the case 2 may happen, for example, when BWP timer expires before receiving an RAR or Msg4.
Question 6. Do companies think BWP switching could occur during RA procedure for a UE in RRC_CONNECTED?
	Company
	Yes/No
	Reason

	LG
	Yes
	

	ASUSTeK
	Yes
	For UE-initiated contention-based RA, NW knows the UE is performing RA only after successfully receiving Msg3 from that UE.
In addition to Case1 & Case2, it is possible that RA is triggered but PRACH resource is not configured under current active BWP. In this case (maybe Case 3), UE may have no choice but to perform BWP switching.

	Ericsson
	Yes, with current understanding, but it should be avoided
	It is beneficial if the behaviour in RA is the same independent of the reason for RA. A UE in RRC_CONNECTED would perform RA for the following reasons:
a) Because of UL data arrival without a corresponding SR configuration or SR failing.
	This applies to both case 1 and case 2.
b) Handover to target cell
	For case 1, we think it is very unlikely that the gNB would transmit a DCI on an SCell in this case. RAN2 should not study this case. For case 2 we think it is not unreasonable to stop the BWP inactive timer when the handover is initiated.
c) PDCCH order
	For case 1, the network decides on the PDCCH order and the DCI on the SCell, this situation can be prevented by gNB implementation. For case 2, the BWP inactivity timer may expire during an RA triggered by PDCCH order.
d) UL data transmission using configured grant with expired TAT
	For case 1, the network should be able to determine that the TAT has expired and that there is an opportunity for a transmission using the configured grant. Hence this situation can also be avoided by the network not sending DCI on the SCell. For case 2, the BWP inactivity timer may expire during an RA triggered by UL transmission using a configured grant with expired TAT.
From this brief analysis, it should be clear that the BWP switching can happen during RA, unless RAN2 decides to prevent it. RAN2 has not discussed this particular problem. From the agreement in RAN1 we deduce that RAN1 does not find it beneficial to switch BWP during Random access. We think RAN2 should discuss how to avoid BWP switching during other cases of RA than for RRC connection establishment, unless a gain with BWP switching during RA is shown.

	ZTE
	Yes
	In case there are two overlapped BWPs (e.g. for the purpose of power saving, we may have one wider BWP and one narrow BWP within the wider one) and the RA resources may belong to both BWPs. And in this case, the BWP switching could occur during RA procedure without any interruption on the on-going RA procedure.

	Huawei, HiSilicon
	Yes
	

	Samsung
	Yes
	RAN1 agreed on configuration of CSS to each BWP for at least RA procedure. It implies that RAN1 supports continuous RA procedure across different active BWPs. In the case that some BWP is not configured with CSS for RA procedure, BWP switching may happen. For the case of BWP switching, BWP with CSS for RA procedure should be prioritized to current active BWP.

	MediaTek
	Yes
	In both cases, the UE should treat the ongoing RA procedure as a failure and initiate a new procedure in the switched BWP. 
We think BWP switching during RA procedure is a corner case. It only occurs when UE performs contention-based RA procedure for the purpose of UL data arrival, DL data arrival and HO. For both DL and UL data arrival, UE performs RA for UL time alignment, which means there is no data in both DL and UL for a while (until TAT expires). 
For case 1, DCI based BWP switching should be performed based on the on-going traffic. It’s strange that network adjusts UE BWP while making UE lose UL synchronization. 
For case 2, the key point is how long the BWP timer is compared with the TAT timer. Will TAT timer expires before BWP timer expiry? If TAT timer is long, UE switches to default BWP first and perform RA procedure on the default BWP thereafter. 


	Qualcomm
	Yes and No
	If UE is performing contention-free random access (CFRA), because network knows that UE is performing a CFRA procedure, there is no need/use case for NW to send DCI to ask UE to switch until the RA procedure is done. In addition, BWP switch is unlikely to be triggered by timer in this case, because the initialization of the CFRA by the network would reset the BWP timer. 
If UE is performing contention-based random access, we agree that BWP switching could happen during RA procedure for a UE in RRC_CONNECTED in some cases only - for example, if the active BWP does not have PRACH configured, UE has to perform RA on a different BWP and hence it may not even be able to receive the BWP switch DCI.

	InterDigital
	Yes
	Agree that BWP switching during RA should be prevented.

	Intel
	Yes/No
	BWP switching can happen in case 1. For case 2, if BWP timer restarts when UE initiates RACH procedure, then UE doesn’t switch to default BWP.

	Lenovo/MotM
	Yes
	BWP switching may happen during contention-based RA procedure for a UE in RRC_CONNECTED. 

	vivo
	Yes
	The contention-based RACH procedure cannot be prevented by the network.

	Nokia, NSB
	Yes
	The presented scenarios seem to be valid. However, only the active DL BWP might be switched in both scenarios (in case of paired spectrum). Furthermore, we tend to agree with Ericsson it should be discussed whether such event should actually occur or not.

	OPPO
	Yes
	We tend to agree BWP switching may happen in both cases. However, we think it needs further discussion whether RACH procedure should be ongoing or restarted due to BWP switch. In other words, if we have not identity any gain of BWP switching for RACH, it should be discussed how should BWP switching is prevented during RACH. 

	ETRI
	Yes
	Network cannot fully avoid BWP switching during RA procedure is ongoing.

	Fujitsu
	Yes
	

	Panasonic
	Yes
	For case 1, the BWP switching cannot be avoided because when receiving msg1 for CBRA, gNB does not know the UE ID. For case 2, we think it can be avoided by pausing/stopping the timer.

	CATT
	Yes
	Indeed both case 1 and 2 could in principle happen, although for the latter UE should just not start any RA procedure if the BWP timer is close to expire (close meaning not leaving enough time for a RA to complete). Unless, as mentioned by ZTE, if this has no implication on the resources used for RA completion.

	NTT DOCOMO
	Yes
	



Summary 6. For Contention-Free RA procedure, all companies agree that the network can avoid BWP switching as the network knows that the UE is performing an RA procedure. For Contention-based RA procedure, all companies that BWP switching could occur according to the RAN1 agreements made so far. Three approaches provided in the response would include,
· Approach 1. BWP switching could occur during RA procedure.
· Approach 2. Prevent BWP switching during RA procedure (6 companies), by e.g., restarting/pausing/stopping the BWP timer during RA procedure.
· Approach 3. Remove interruption from BWP switching (1 company), by e.g., restricting PRACH resource to be configured on common bandwidth of different BWPs.
In addition, it was pointed out by 3 companies that BWP with PRACH resource should be prioritized over BWP without PRACH resource to perform RA procedure, which may lead to unavoidable BWP switching. Two companies respond to Question 7 that RA procedure should be restricted to the default/initial BWP. The rapporteur understands that if approach 3 is adopted, all BWP would have PRACH resources and there is no need of BWP switching only for RA procedure.
Proposal 6. During CFRA, the network doesn’t perform BWP switching. Nothing needs to be captured.
Open issue 2. For CBRA, RAN2 needs to discuss how to handle BWP switching during RA procedure between Approach 1, 2, and 3, by taking the case where the active BWP doesn’t have any PRACH resource into account.

Background
In both case 1 and 2, the network may not be able to know if BWP switching occurs fora UE performing RA procedure. Therefore, the network would send RAR on the old active BWP. 
If the new active BWPis overlapped with old active BWP, the UE may still be able to receive RAR on the new active BWP. However if the new active BWP is not overlapped with the old active BWP, the UE may not able to receive RAR because the UE shall not monitor PDCCH on the deactivated BWP, which would result in RAR reception failure. 
There could be two options handling BWP switching during RA procedure. The first option is to stop the ongoing RA procedure, similar to SCell deactivation case in LTE. (Note that in LTE, we have a NOTE in subclause 5.13 saying that "When SCell is deactivated, the ongoing Random Access procedure on the SCell, if any, is aborted".) The second option is to continue the RA procedure on a new active BWP.
· Option 1. The UE stops ongoing RA procedure, i.e., the UE stops retransmitting Msg1 even if the PREAMBLE_TRANSMISSION_COUNTER doesn’t reach its maximum value. 
· Option 2. The UE continues ongoing RA procedure on a new active BWP, i.e., transmits a Msg1 on the new active BWP by continuing the counters, i.e., PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER.
· Option 3: The UE shall not switch BWP during RA, UE stops BWP inactivity timer and switches to the default BWP at RA initiation.
· Option 3a: The UE shall not switch BWP during RA and UE performs RA procedure only on BWP containing COREST for RAR (e.g. default BWP or initial BWP).
Question 7. Upon BWP switching, which option is a reasonable way to handle ongoing RA procedure?
	Company
	Option 1/2
	Reason

	LG
	Option 2
	No special handling is needed, i.e., the UE retransmits Msg1 on a new active BWP after RAR reception failure.

	ASUSTeK
	Option 1?
	If PRACH resource is not configured under new active BWP, it is better for the UE to continue ongoing RA procedure under current (previous) BWP i.e. ignore BWP switching command (and thus “skip” the scheduling). NW can anyway re-transmit the same DCI later. 
If PRACH resource is configured under new active BWP, there is no reason to continue the counters as a new RA procedure should be triggered (i.e. Option 1).
If PRACH resource is not under the scope of BWP (see our comments under Q1), there should be no impact on RA procedure no matter BWP switching occurs or not.

	Ericsson
	Option 3
	As presented above, we see no gains in switching BWP during RA, hence we propose option 3.
Furthermore, the gNB will not know why a UE performs CBRA (e.g. if the UE does it because of RRC Connection Establishment or not), so it must assume it is because of RRC connection establishment and hence give grants according to the initial BWP configuration.
Only if the UE is configured with contention-free resources, there could be room for optimizations.

	ZTE
	Option 2
	No special handling is needed.

	Huawei, HiSilicon
	Option 2
	The UE should not stop the RA procedure, as RA is triggered for a target (e.g. UL sync) and the target has not been reached.

	Samsung
	Option 2
	UE should continue ongoing RA procedure since RA handles important event and rarely happens compared to data scheduling. Note that BW for msg1 transmission may be separately operated from initial active UL BWP according to RAN1 email discussion. BWP for RAR reception should be indicated to the UE. Whether the BWP for RAR reception is same or not as the default BWP is not clear yet.

	MediaTek
	Option 3
	Concur with Ericsson’s views.

	Qualcomm
	Depends
	First, as we explained in our reply to Question 6, we only need to consider this issue for contention-based access. 
For contention-based RA, 
· If the target BWP has a PRACH configured, then in order to stay synchronized with network, we think UE should switch and continue its RA procedure on the target BWP. There is no need to reset or increment the counters during this switch.   
· If the target BWP has no PRACH configured, we think UE should continue performing RA on the old BWP until the RA procedure is complete. 

	InterDigital
	Option 3
	Switching to default BWP at RA initiation avoids the complications.

	Intel
	Option 2
	We think option 2 is a reasonable approach. The difference compared with LTE SCell case is that in LTE, RACH in SCell is always initiated by the network, therefore network knows the situation when deactivating the SCell. For UE initiated RACH procedure on PCell/PSCell in case 1, network is not aware of the RACH procedure, therefore UE needs to continue the procedure as in option 2.

	Lenovo/MotM
	Option 2
	Continuing the RACH procedure seems to be the simplest option. 

	vivo
	Option 2?
	During BWP switching, changing the common PRACH resource to an activated BWP may need to be clarified in the specification.

	Nokia, NSB
	-
	It sounds reasonable to continue the RA procedure, e.g., in the case explained in the background that “If the new active BWP is overlapped with old active BWP, the UE may still be able to receive RAR on the new active BWP.” However, for Case 1 especially, we are thinking whether the BWP switch command should be ignored as if the new active BWP does not have RACH configured, for instance?

	OPPO
	Option 2
	Tend to agree option 2

	ETRI
	Option 2
	Option 2 is simpler than Option 1.

	Fujitsu
	Option 3
	RAN1 has not introduced the concept of ‘default BWP’ for UL. But we support E/// with the following updating.
-	Option 3: The UE shall not switch BWP during RA, UE stops BWP inactivity timer and switches to the initial BWP at RA initiation.

	Panasonic
	Option 2
	If BWP switching occurs during the RA process, UE just continues the RA in the new active BWP. Note that for Option 3 UE autonomously switching back to the default BWP after sending Msg1 is not agreed in RAN1 because the DL data may be lost. 

	CATT
	Option 1
	As we understand it, with Option 3, CBRA can only happen on the default BWP which we think is restrictive.
Option 2 is only feasible if the BWP switches to an overlapped resource and the RACH can continue seamlessly, assuming common CORESET for both BWPs. For other cases e.g. disjoint BWPs, we wonder how can NW track UE switched BWP after Msg1 and send Msg2 via new BWP’s CORESET since it has not yet received the UE’s C-RNTI in Msg3.
So we think this issue is a rare case anyways and the simplest solution should be chosen, which is Option 1.
In any case, we think we need to study separately UL and DL BWP switching, since in some cases (e.g. UL BWP switching and RACH-SR) the RA cancellation comes naturally from BSR cancellation.

	NTT DOCOMO
	Option3a
	We think that the simplest approach is to restrict the BWP where UE performs RA procedure (Option3). While Option3 restricts to default BWP, UE may perform RA procedure also in other BWP containing CORESET for RAR e.g. initial BWP. Option3a would be more precise. 



Summary 7. If BWP switching happens during CBRA procedure (Approach 1 in Summary 6), 11 companies (out of 19) think the MAC should continue the RA procedure upon BWP switching (Option 2), 2 companies think the MAC should stop the RA procedure, and 1 company think it depends on whether there is RACH resource on the new active BWP or not. On the other hand, 5 companies think BWP switching should be prevented during CBRA procedure (Approach 2 in Summary 6).
Proposal 7. If Approach 1 is adopted for open issue 2, the MAC should continue RA procedure even if BWP switching occurs.
Question 8. If the MAC continues the ongoing RA procedure on a new active BWP, do companies think it is sufficiently covered by the UE behaviour on a BWP that is activated/deactivated? If not sufficient, what is the company’s suggestion, for example, a NOTE saying to continue the ongoing RA procedure on a new active BWP?
	Company
	Sufficient
/Insufficient
	Suggestion

	LG
	sufficient
	It would be sufficient to say that the UE shall neither transmit PRACH nor receive PDCCH on the deactivated BWP.

	Ericsson
	--
	We are not convinced it is beneficial for the UE to switch BWP during RA.

	ZTE
	sufficient
	If RACH failure is caused due to the lack of RA resource on the newly active BWP, then RA failure should be reported to higher layers as well.

	Huawei, HiSilicon
	
	Open for this discussion, including e.g. adding a note.

	Samsung
	Sufficient
	The details of UE operation w.r.t BWP switching and Random access may need to be captured somewhere, but it is not clear to us whether it is RAN1 spec or RAN2 spec. We can assume it is sufficient for now and revisit the assumption later if needed (if RAN1 spec does not capture the intended behavior).

	MediaTek
	Insufficient
	We think there should be normative text rather than a NOTE describing UE behaviour for continuing RA procedure on a new BWP. However, we prefer that UE never switches BWP during RA.

	Qualcomm
	Insufficient
	We think the spec should include a note or requirement that clearly describes UE’s behavior in such scenarios.

	InterDigital
	N/A
	Better to avoid this issue by not allowing switching during RA.

	Intel
	Sufficient
	

	Lenovo/MotM
	
	Open to discuss whether some additional UE behavior needs to be captured in the spec. 

	vivo
	Insufficient
	During BWP switching, changing the common PRACH resource to an activated BWP may need to be clarified in the specification.

	Nokia, NSB
	-
	We should first define whether the BWP switch should be performed during a RA procedure.

	OPPO
	
	Futher discussions may be needed, for example:
Is it possible to prevent BWP switching during RACH, if yes, how to prevent. If no, how to handle RACH when BWP is switching.

	ETRI
	Sufficient
	

	Panasonic
	Sufficient
	RAN1 agreed that every configured BWP for a UE can contain RAR resources, therefore no problem for UE to continue RA process in the new BWP.

	CATT
	Insufficient
	As said in Q7 we don’t see how Option 2 can work in all cases, so we feel it very unlikely that it can be addressed with e.g. just the statements of Q1. 



Summary 8. Six companies (out of 16) think it is sufficient to specify the UE behaviour on the active/deactive BWP to continue RA procedure upon BWP switching while 4 companies think it is not sufficient. Three companies are open to discuss, and 3 companies think RAN2 should discuss first whether to allow BWP switching during RA procedure.
Open issue 3. If Approach 1 is adopted for open issue 2, RAN2 needs to discuss how to specify it in the specification. The option includes,
· Option 1. No additional text is required other than the UE behaviour on the active/deactive BWP
· Option 2. Specify in a normative text
· Option 3. Specify in a Note

2.4	SR
In RAN2 #99bis, RAN2 agreed that BWP switching and cell activation/deactivation do not interfere with the operation of the counter and timer.
Question 9. In order not to interfere SR procedure by BWP switching, do companies think that it is sufficiently covered by the UE behaviour on a BWP that is activated/deactivated? If not sufficient, what is the company’s suggestion, for example, a NOTE saying to continue the ongoing SR procedure on a newly activated BWP?
	Company
	Sufficient
/Insufficient
	Suggestion

	LG
	Sufficient
	It would be sufficient to say that the UE shall not transmit PUCCH on the deactivated BWP.

	ASUSTeK
	Sufficient
	

	Ericsson
	Sufficient
	It should be sufficiently covered. The specification speaks of "valid PUCCH resources for SR". We think a PUCCH resource for SR on an inactive BWP cannot be considered valid.

	ZTE
	Sufficient
	UE can clearly know which SR resources can be used based on the description on BWP activation/deactivation.

	Huawei, HiSilicon
	
	The UE behaviours for SR and RACH can be aligned. Open for this discussion.

	Samsung
	Sufficient
	No special treatment is needed for SR, since the UE will be configured with PUCCH resources for all configured BWPs (not just the active one). And the UE will know which of the configured PUCCH resources are currently ‘usable’ (since it will know which BWP is currently active). This view could be also valid for other PUCCH related operations.

	MediaTek
	Sufficient
	SR configuration includes BWP, so no additional text should be needed. Of course the details of SR configuration are still open.

	Qualcomm
	Insufficient
	We think it is possible that a SR configuration may not have PUCCH resource configured on certain BWPs. If UE is switched to such a BWP in the middle of an ongoing SR procedure, it needs to stop the SR procedure and use RACH instead.  So we think it is necessary to have a note in the spec describing UE behavior in such a scenario.

	InterDigital
	Sufficient
	The network should not configure SR on a subset of BWPs.

	Intel 
	Sufficient
	

	Lenovo/MotM
	Sufficient
	Agree with Mediatek

	vivo
	Sufficient
	

	Nokia, NSB
	-
	We should first define whether the BWP switch should be performed during a RA procedure.

	OPPO
	Insufficient
	At least the MAC entity should be indicated which PUCCH resources are usable when BWP is switched.

	ETRI
	Sufficient
	

	Fujitsu
	Sufficient
	

	Panasonic
	Sufficient
	RAN1 already agreed that EACH configured UL BWP includes PUCCH resources in a serving cell where PUCCH is configured.

	CATT
	Sufficient
	As long as there is only one BWP active at a time per Serving Cell, and one SR PUCCH resource configured in each BWP, there is no ambiguity that the only valid SR resource in that Serving Cell is that of the active BWP.

	NTT DOCOMO
	Sufficient
	From RAN2 perspective, there is no need to have additional things. Also, RAN1 deprioritized this case.



Summary 9. 15 companies (out of 19) think it is sufficient to specify the UE behaviour on the active/deactive BWP in order not to interfere SR procedure and SR timer/counter upon BWP switching while 1 company is open to discuss. Two companies think it is not sufficient. 
If the UE considers the SR resources on the active BWP/SCell is the only valid SR resources, the BWP switching could be transparent to SR procedure. Therefore, the rapporteur assume that it would be sufficient to specify the UE behaviour of PUCCH transmission on the active/deactive BWP. 
Proposal 8. There is no additional text required to specify the UE behaviour for the BWP switching during SR procedure. Only the PUCCH resources on the activated BWP can be considered to be a valid PUCCH resource.

2.5	DRX
Background
According to RAN1 agreement, the BWP switching is done by DCI scheduling PDSCH. In detail, PDCCH and PDSCH may be transmitted in different BWPs in case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, where K is FFS.
In RAN2 #99bis, RAN2 agreed that BWP inactivity timer in independent from the DRX timers to avoid interaction between BWP switching and DRX operation. One more thing that might need to be confirmed by RAN2 is drx-InactivityTimer and drx-onDurationTimer. As those timers are per UE but not per carrier or BWP, it would be reasonable to assume that BWP switching does not interfere any running drx-InactivityTimerordrx-onDurationTimer.
Question 10. Do companies agree that BWP switching either by DCI or BWP timer does not interfere any running drx-InactivityTimer or drx-onDurationTimer?
	Company
	Yes/No
	Reason

	LG
	Yes
	drx-InactivityTimer and drx-OnDurationTimer are to monitor PDCCH on any cell/BWP. Therefore, there is no need to have dependency on BWP timer. We think all DRX timers are independent of BWP timer.

	ASUSTeK
	Yes
	RAN2 also agreed that the unit of drx-onDurationTimer and drx-InactivityTimer is numerology independent and based on ms. Both numerology of serving cell(s) currently been used and BWP switching performed on any serving cell do not interfere these two DRX timers.
By the way, it was agreed (as working assumption) in RAN1 AH#2 that retransmission of a TB cannot take place under different numerology. Therefore, if BWP switching involves numerology change, it doesn’t seem necessary for UE to monitor PDCCH for retransmission. In this situation, we are wondering if HARQ-related DRX timers (i.e. HARQ RTT Timers, UL HARQ RTT Timers, drx-RetransmissionTimers, and drx-ULRetransmissionTimers) should be stopped. We look forward to comments from other companies. Thank you!

	Ericsson
	Yes
	The BWP timer is restarted when a valid DCI is decoded and should not by itself affect the drx-InactivityTimer or onDurationTimer but, if the DCI includes an assignment normal procedure should be taken.

	ZTE
	Yes
	We think the drx-InactivityTimer and drx-onDurationTimer are isolated with the BWP.

	Huawei, HiSilicon
	Yes
	

	Samsung
	Yes
	The purpose of BWP inactivity timer is to switch to default BWP when there is inactivity on non-default BWP. Therefore BWP inactivity timer and DRX timers should be running individually without intervention.

	MediaTek
	Yes
	These timers should be kept independent to avoid unnecessary complexity and interaction.

	Qualcomm
	Yes
	We assume the word “interfere” means “change/reset”, i.e. we agree that BWP switching either by DCI or BWP timer does not change/reset any running drx-InactivityTimer or drx-onDurationTimer.

	InterDigital
	Yes
	The DRX timers should not be affected by the BWP timer. However, it would be desirable that BWP switching does not occur while the drx-InactivityTimer is running.

	Intel
	Yes
	

	Lenovo/MotM
	Yes
	DRX related timers should be maintained independent of BWP switching.  

	vivo
	Yes
	

	Nokia, NSB
	Yes
	As the NW is aware of such BWP switching events, there does not need to be any relation to these timers.

	OPPO
	Yes
	

	ETRI
	Yes
	BWP activation/deactivation should be managed by the network without direct interaction with DRX timers.

	Fujitsu
	Yes
	BWP handling in physical layer would be transparent to the MAC layer.

	Panasonic
	Yes
	We agree that drx_InactivityTimer or drx_onDurationTimer should run separately from BWP timer. However, we think RAN2 should define the following UE behavior related to DRX: 
1. Whether current active BWP should remain active when drx_InactivityTimer expires.
1. What BWP should be activated at the beginning of onDuration when drx_onDurationTimer starts. 
If BWP switching timer expires while drx_RetransmissionTimer is running, whether UE switches to default BWP or not? If UE switches to the default BWP that has a different numerology than the current active BWP, does it mean the retransmission will be performed with a different numerology than the initial transmission?  

	CATT
	Yes
	BWP switching and DRX are independent procedures.

	NTT DOCOMO
	Yes
	



Summary 10. All companies agree that BWP switching either by DCI or BWP timer does not interfere any running drx-InactivityTimer o rdrx-onDurationTimer.
Proposal 9. BWP switching either by DCI or BWP timer does not interfere any running drx-InactivityTimer or drx-onDurationTimer.

2.6	PHR
Background
In RAN2#99bis, RAN2 assumed that BWP does not impact the PHR MAC CE format design. However, RAN2 has not discussed PHR trigger aspect with BWP switching.
In LTE, PHR shall be triggered if an SCell of any MAC entity with configured uplink is activated because power headroom may change due to SCell activation. 
With single active BWP per serving cell, the power headroom may not change a lot upon BWP switching. On the other hand, one may think the power header changes with BWP switching due to different numerologies/ bandwidth of different BWPs within a wide bandwidth while too frequent PHR trigger by BWP switching wouldn’t be desirable.
Question 11. Do companies think that the PHR trigger condition should take the BWP switching into account? If yes, please provide a PHR trigger condition in detail.
	Company
	Yes/No
	PHR trigger condition

	LG
	Yes
	Given that BWP would be of different numerology and on different frequency location within wide bandwidth, power headroom may change upon BWP switching. Therefore, the UE needs to trigger PHR upon BWP switching.

	ASUSTeK
	Yes
	We think it is possible to trigger a PHR when active BWP is switched from non-default to default BWP or from default to non-default BWP. 

	Ericsson
	Yes
	Power headroom indicates how much transmission power is left for a UE to use in addition to the power being used by current transmission. If the active UL BWP is switched to a BWP with different bandwidth, this will affect the Power headroom and a PHR should be triggered upon the first UL transmission so that the NW knows how to schedule future transmissions. 

	ZTE
	No
	Since the pathloss is measured based on the cell defining SSB which can only be changed by RRC synchronous reconfiguration procedure, the switch of BWP will not cause a considerable change on pathloss. Also considering the switch of BWP will not lead to the change on Pcmax,c, we do not see a clear usage to trigger the PHR from RAN2’s point of view.
One LS can be sent to RAN1 to ask if there is any requirement from RAN1 on the triggering of PHR in case of BWP switch.

	Huawei, HiSilicon
	No, at least from RAN2 point if view
	In case BWP switching only causes bandwidth change, there should be no need to trigger a PHR as the gNB should schedule uplink transmission on the new BWP based on previous PHRs reported on the old BWP. In case BWP switching leads to numerology change, it should be up to RAN1/4 whether the gNB can estimate the PH based on previous PHR.

	Samsung
	No
	The new PHR triggering event does not needed (preferred) for BWP switching. In LTE CA, a power headroom report is triggered when the SCell is activated because the power allocation in the UE would vary depending on the number of activated SCells. However, RAN1 agreed that primary focus is to complete where a single BWP is activated for a UE at a given time. And thus the number of activated BWP is limited to single BWP per CC at least in Release 15.  (No change of the number of activated BWP, only single BWP can be activated in one time) Furthermore, RAN1 is considering using DCI for dynamic and fast BWP activation/deactivation. If BWP is activated/deactivated by means of DCI and PHR is triggered every BWP activation, the PHR transmission may occur very frequently, it can cause unnecessary overhead to send frequent PHR. 
In LTE CA, the power headroom is contained in PHR MAC CE per activated cell because the power allocation may be different per cell. In legacy PHR (Extended PH format for CA), one value of PH was sufficient for the one component carrier. And thus there is no big need to introduce the new PHR triggering event for BWP switching.

	MediaTek
	No
	BWP change can result in (1) change of bandwidth, (2) change of numerology, and/or (3) change of link conditions. (1) is already known to the gNB and (2) should not impact power headroom. Re (3), if the link quality changes, this will correspond to a change in pathloss and is already covered by the the ‘dl-PathlossChange’ PHR trigger clause.
We think we can also ask RAN1 for their opinion.

	Qualcomm
	No
	We do not think BWP switch should trigger PHR, because change in transmission bandwidth does not change the power headroom. 

	InterDigital
	No
	Not sure why this case should be treated differently from when the scheduler changes PUSCH frequency allocation within a carrier in LTE.

	Intel
	No
	As analyzed in our contribution R2-1710610, the BWP switching does not increase the number of activated CCs/BWPs and correspondingly does not cause meaningful power variation for other CCs. More specifically, as all BWPs within a given CC are always linked to one DL CC for PL measurement, PHR values, even reported, would be very similar and can be estimated by gNB itself. Hence, the benefit of reporting the PHRs on condition of BWP switching seems very limited, while it may result in large signaling overhead. 
In summary, there is no clear need to report PHR when BWP is switched, unless there is explicit request from RAN1.

	Lenovo/MotM
	No
	Agree with Interdigital.

	vivo
	Yes
	Agree with LG.

	Nokia, NSB
	No – depends on RAN1
	As there is only one active BWP at any given time per serving cell, it could be assumed the PHR information received via the previously active BWP suffices for gNB. On the other hand, it would be nice to hear opinion by RAN1 on this.

	OPPO
	No
	At least R-15 there is no need to consider since only one single BWP is active per CC.

	ETRI
	Yes
	Agree with LG.

	Fujitsu
	Yes, but…
	As similar in LTE –“activation of an SCell of any MAC entity with configured uplink”. One concern may be the frequency of BWP changes. The SCell activation is consider to occur infrequently but not sure if this is the case for BWP. As BWP switching is done by DCI, the switching may frequently occor and may cause PHR signalling overhead.

	Panasonic
	No
	

	CATT
	No
	We agree with all above arguments that (unless infirmed by RAN1/4) BW and numerology should not impact the PH and gNB should be able to schedule UE in the new BWP based on recent PHR from the previous BWP, also provided that Pcmax,c and PL should be the same for that cell and BWP switching does not trigger beam switching either. 

	NTT DOCOMO
	No
	Since those are the same cell, there is no need to be reported. Also, such new trigger may cause additional overhead since BWP switching would be very dynamic.



Summary 11. 6 companies (out of 19) think PHR should be triggered upon BWP switching while 13 companies doesn’t think new PHR trigger condition is required.
Open issue 4. For PHR, RAN2 needs to discuss whether a new PHR trigger condition is required for BWP switching.
· Option 1. Yes, e.g., upon BWP switching, upon BWP switching from/to default BWP to/from non-default BWP
· Option 2. No.

2.7	HARQ
Background
In LTE, there is one HARQ entity at the MAC entity for each Serving Cell which maintains a number of parallel HARQ processes. In NR, it was agreed in RAN2#97 to have one HARQ entity per carrier without considering BWP. Therefore, it would be good to confirm that there is still one HARQ entity per serving cell even with multiple BWPs configured for a serving cell.
Question 12. Do companies agree that there is one HARQ entity per serving cell even with there are multiple BWPs configured for a serving cell?
	Company
	Yes/No
	Reason

	LG
	Yes
	One HARQ entity with different HARQ timing parameters would be enough.

	ASUSTeK
	Yes
	Even with multiple active BWPs at the same time (which is not the case at least in Rel-15), a single HARQ entity with multiple HARQ processes should be enough.

	Ericsson
	Yes
	Since asynchronous transmissions are supported in NR for both UL and DL no predefined retransmissions occur (as in LTE). For DL, any retransmission can be sent on any active DL BWP, switching should be ok. The same for UL switching and HARQ. The DCI should indicate which HARQ process that should be sent/resent on the UL and which active UL BWP should not matter.

	ZTE
	Yes
	We don’t see any need to have different HARQ entities for different BWP.

	Huawei, HiSilicon
	Yes
	Sticking to the agreement is fine.

	Samsung
	Yes
	BWP has no relationship with number of HARQ entity in a cell.

	MediaTek
	Yes
	Since there is only one active BWP at any time, a single HARQ entity seems to be a reasonable model. However, we may need to confirm with RAN1.

	Qualcomm
	Yes
	We think single HARQ entity per serving cell is a good choice, for the following reasons:
· In RAN2 #99bis, it was agreed that “Do not flush HARQ buffers when doing BWP switching;” If different BWPs have different HARQ entities, then HARQ buffer needs to be flushed every time BWP switches.
· There is at most one active BWP at any time, and the same numerology configured for all BWPs on a carrier (in RAN#77 it was agreed that for the Dec release “same numerology within the same PUCCH group”, which implies that BWPs on the same carrier must have the same numerology). 
These two requirements mean that there is no need to manage multiple BWPs at the same time or switch between BWPs of different numerologies. So single HARQ entity per serving cell is sufficient (at least for the December release) and this option has simpler implementation than others.

	InterDigital
	Yes
	

	Intel
	Yes
	

	Lenovo/MotM 
	Yes
	

	vivo
	Yes
	

	Nokia, NSB
	Yes
	Since at most one BWP is active per cell at a time and if RAN1 supports re-tx over different BWPs, it is easiest to model with one HARQ entity.

	OPPO 
	Yes
	

	ETRI
	Yes
	

	Fujitsu
	Yes
	BWP handling in physical layer would be transparent to the MAC layer.

	Panasonic 
	Yes
	

	CATT
	No
	- We need to check first with RAN1 as it contradicts an opposite working assumption they have had since RAN1 NR AH#2: Working assumption: Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.
- If such working assumption would be confirmed, it would imply re-transmissions cannot happen across BWPs with different numerologies in Rel15. Since this is still the baseline assumption that Rel15 will support different numerologies in different BWPs of a Serving Cell, we think we need to have consistent designs in both RAN1 and RAN2.
- We still believe having one HARQ entity shared by multiple BWPs of a Serving Cell is strongly not forward compatible since as soon as multiple BWPs will be active at a time the multi-HARQ entity model, as in CA, will prevail.
- On the other hand, changing HARQ entity upon BWP switch in Rel15 comes with little constraints since:
      - when the switch is triggered by timer expiry, it has no impact since it means no traffic is on-going
      - when the switch it triggered by SR it mean there is new data in buffer hence a new transmission can start on a new HARQ entity.

	NTT DOCOMO
	Yes
	



Summary 12. 18 companies (out of 19) think one HARQ entity per serving cell is sufficient even with multiple BWPs configured for the UE while 1 company think one HARQ entity per serving cell is not forward compatible.
Proposal 10. There is one HARQ entity per serving cell even with there are multiple BWPs configured for a serving cell.

Background
The HARQ timing parameter K and N are used in order to decide the scheduling timing of the UE by considering the different numerologies and the UE processing time capability. The K and N values are decided based on the numerology (SCS), DMRS configuration, and RE-mapping while the exact values are still under discussion in RAN1. Based on K and N, the UE will be configured with candidate values for K' and N', and the exact value of K' and N' will be signalled via DCI upon each scheduling.
Given that K' and N' values are numerology specific for a UE and a BWP is associated with one numerology within a cell, there could be two options in configuration of candidate values for K' and N'.
· Option 1. Candidate values for K' and N' are configured per numerology.
· Option 2. Candidate values for K' and N' are configured per BWP.
In Option 1, the UE will apply the candidate values for K' and N' to a BWP by considering the numerology of BWP. In Option 2, the UE will directly apply the candidate values configured for the BWP.
Question 13. Which option do companies prefer between option 1 and 2?
	Company
	Option 1/2
	Reason

	LG
	Option 1
	As HARQ timing parameters depend on the numerology, it would be sufficient to configure the candidate HARQ timing parameters per numerology, and apply the candidate parameters by considering the numerology of the BWP.

	ASUSTeK
	
	We have no strong preference. 

	Ericsson
	Option 1 or 2
	The only difference between the two options is cost of RRC signalling. We have no strong view.

	ZTE
	Option 2
	Different BWP can be configured with the same numerology but different bandwidth. And different timer can be configured for the BWP with different bandwidth (e.g. longer time may be configured for the BWP with wider bandwidth to provide longer processing time)

	Huawei, HiSilicon
	Option 1 if RAN1 does not have indication.
	We assume that RAN1 should indicate how to configure the parameters K and N. If their inputs are not clear, we are fine with option 1 from overhead point of view.


	Samsung
	Option 1
	K’ and N’ are numerology-dependant.

	MediaTek
	Option 1
	We do not have a strong preference, but think that BWP configuration should be kept as simple as possible.

	Qualcomm
	Option 2
	We prefer Option 2 for the following reasons:
· Different BWPs are used to handle different traffic loads and hence different levels of power consumptions. For example, UE can use BWP with narrow bandwidth when traffic load is low. In such a case HARQ timing parameters should be relaxed to enable UE to minimize its power consumption. Therefore, it is beneficial to configure different HARQ timing parameters for different BWPs.
For the reason we explained in the reply to Question 12, there is a single numerology within any BWP. So configuring HARQ parameters for a BWP configures the timing parameters for the numerology in that BWP.

	InterDigital
	Option 2
	Slight preference for option 2 as option 1 reduces flexibility without significant overhead reduction gain.

	Intel
	Option 1
	We think option 1 is straightforward since the processing time is numerology specific according to RAN1 agreements.
We’d like to note that the UE minimum processing times N1, N2 need not be signaled from the network – it would be indicated by the UE as part of capability reporting (exact details FFS).
In addition, we think that the final details of parameter K signalling depends on further RAN1 progress e.g. the unit of the parameters might not only be in the number of slots but slot and symbols may be jointly encoded.

	Lenovo/MotM
	Option 1
	Slight preference for Option 1

	vivo
	Option 1
	Different BWP could be configured with the same numerology. The configuration per numerology should be sufficient.

	Nokia, NSB
	Option 2
	In our understanding, the PDCCH-config should be given per BWP according to RAN1. As these parameters could be PDCCH-config specific, we think Option 2 is more aligned with the RAN1 intentions.

	OPPO
	Option 1
	It’s related to the RRC configuration, both options are ok, but considering different numerology may have same numerology, we slightly prefer it can be configured per numerology.

	ETRI
	Option 1
	Option 1 would be simpler.

	Fujitsu
	Option 1
	Option 1 could be the baseline. And if RAN2 would specify finer configuration, Option 2 should be ok.

	Panasonic
	Option 1
	

	CATT
	Option 1
	We don’t see an argument for differentiating HARQ latency parameters of BWPs with same numerology.

	NTT DOCOMO
	-
	Should be discussed in RAN1.



Summary 13. 12 companies (out of 19) prefer option 1 while 4 companies prefer option 2. 2 companies show no strong preference while 1 company thinks it is RAN1 scope.
The rapporteur understands that both options are feasible while the difference is mainly the overhead from signaling point of view. Therefore, it is proposed to adopt option 1.
Proposal 11. For HARQ, the candidate values for K' and N' are configured per numerology. The candidate values for a numerology are applied to the BWP with that numerology.

2.8	SPS
Background
RAN2 agreed that SPS is configured per serving cell in RAN2#99bis. As there is one active BWP per serving cell and it can be switched from one to another BWP, RAN2 would need to discuss how to configure SPS per serving cell by considering BWP switching. 
As RAN2 has not yet finalized the detailed SPS/GF discussion in [99bis#41], the intention of this question is not to discuss SPS/GF resource handling upon activation/deactivation but to discuss the configuration of SPS/GF resource in a cell with BWP.
Given that BWP is associated with a numerology and scheduling information would depend on the numerology, it seems inevitable that each BWP requires different SPS/GF resource information. In this sense, there could be a couple of options including
· Option 1. One SPS configuration per cell includes multiple SPS resource information for each BWP. There could be a BWP which is not allocated with SPS resource.
· Option 2. One SPS configuration per cell includes one SPS resource information for a single BWP within the cell.
· Option 2-A. When BWP switching happens, the existing SPS resource information is not applied to the new active BWP.
· Option 2-B. When BWP switching happens, the existing SPS resource information is applied to the new active BWP in case the numerology doesn’t change.
Question 14. Which option do companies prefer for SPS configuration per cell with BWP? 
	Company
	Option
	Reason

	LG
	Option 1
	Different BWPs can be of different numerologies, and BWP switching could happen across different numerologies. Thus, it would be efficient to include multiple SPS resource information for multiple BWPs while they are considered to be one SPS resource.

	ASUSTeK
	Option 2-A
	BWP switching is a more dynamic operation, while SPS is relatively static (e.g. with longer & fixed periodicity). It is possible (and up to NW decision) for NW to switch-back the active BWP without interrupting the SPS operation. Here we assume that SPS is temporarily suspended when active BWP is switched to another BWP, and is resumed when active BWP is switched back. If NW decides to keep the serving cell in another BWP for a long time, it could re-configure SPS resource from old to new BWP, and thus Option 2 should be enough.
Regarding Option 2-B, BWP switching without numerology change is mainly for reducing power consumption by narrowing the bandwidth. In this case, it may be difficult to apply resource information from old to new active BWP as the bandwidth may be changed a lot.
Option 2-A, which is simpler, could be adopted as baseline in Rel-15. If any problem occurs, RAN2 could re-consider Option 1 or other choices in addition to 2-A/2-B in future release.

	Ericsson
	Option 2-A
	A configured grant is defined on a time-frequency resource. A problem only arises if the active BWP does not include (frequency-wise) the configured grant at the time of transmission using the configured grant. RAN2 should discuss whether this problem needs to be addressed or not.
A simple solution is to consider the configured grant as not valid if the active BWP does not include it. An invalid configured grant would not result in a UL transmission.
Option 2-A seems to be closest to our preference.

	ZTE
	Option 2-A, but…
	Whether the existing SPS resource information can be applied or not depends on whether the SPS resources configured is applicable on the new active BWP. For the BWP overlapped case, if the existing SPS resource is still applicable after the BWP switching, then the SPS resources can be used without interruption.

	Huawei, HiSilicon
	Option 1
	According to current ASN.1 structure in draft TS 38.331, both type 1 and type 2 parameters are grouped in one IE SPS-Config. For type 1 GF, different SPS-Config configurations should be configured for different BWPs, so that the UE can apply the new configurations immediately upon switching to a new BWP. 
For type-2 SPS, those parameters for type 1 will not be present, and the configuration could be same or different across BWPs.

	Samsung
	Option 2-A
	The issue will be discussed within SPS/grant-free email discussion.

	MediaTek
	Option 1
	We are referring to the RRC configuration of Type 1/2 transmissions here.
The RRC configuration for a cell can include multiple Type 1 resource information, one for each BWP. 
On a BWP with no resource information provided, Type 1 transmissions cannot take place. However, Type 2 transmissions can take place if resource information is provided by PHY.

	Qualcomm
	Option 1
	We prefer Option 1 because it can ensure minimum interruption to service when BWP is switched. More specifically, we propose the following procedure for supporting SPS over multiple BWPs:
· Network configures a set of BWPs in which this SPS is supported. This set can be all or a subset of the configured BWPs on the serving cell.
· Resources should be pre-configured on this set of selected BWPs, such that UE can continue transmitting on the pre-configured grants without interruption, when it switches to a BWP within this set.
· When UE switches to a new BWP with pre-configured SPS resources, the SPS in that BWP is implicitly activated and ready for UE to use. 
When UE switches to a new BWP which is not pre-configured to support the SPS, then the SPS is considered to be implicitly released.

	InterDigital
	Option 2-A
	Option 2-A is simpler for Type 2 SPS.

	Intel
	Option 1
	We think the discussion is only related to type-1 SPS/GF since RRC does not configure resource for type-2 SPS/GF. For type-1, given that each BWP might have different bandwidths, it is natural that SPS resource is configured for each BWP separately.

	Lenovo/MotM
	Option 1
	We can treat it in a similar way as for SR configuration

	vivo
	Option 2-A
	Option 2-A is simple.

	Nokia, NSB
	Option 2A, however,
	We agree with ZTE, there seems to be no case for the overlapping BWPs where the SPS resource would be valid in both. We think in this case the operation could continue regardless of the BWP switch.

	OPPO
	Option 2-A
But
	we are actually not so sure about the meaning of “SPS resource information”, since for LTE-like SPS, we guess it’s related to the interval of the configured resource. However, for type 1 grant-free, it may related to the interval and also the frequency domain resources. So, could you please clarify the maning of SPS resource information? 

	ETRI
	Option 1
	Agree with LG.

	Fujitsu
	Option 2-A
	SPS is more about service layer (or application layer) specific function and semi-static configuration. So from the beginning of SPS, a proper cell and a BWP are assigned to the SPS when establishing the RRC connection. And the cell and the BWP are not likely to be frequently changed.
Option 2-A is proper option to the SPS from that perspective.

	Panasonic
	Option 2A
	We think option 2 will have less impact on specification.

	CATT
	Option 1
	Option 2-A prevents from using SPS resources even if configured within the overlapped part of two BWPs while options 1 and 2-B allow it. Option 1 is more flexible and can reuse the SR configuration framework.

	NTT DOCOMO
	Option2-A
	We think one SPS configuration per cell would be sufficient (per BWP configuration is not needed).



Summary 14. 8 companies (out of 19) prefer option 1 while 11 companies 12 companies prefer option 2. Two companies point out that the UE can continue SPS operation using the SPS resource if SPS resource is still valid in switched BWP.
Open issue 5. For SPS, RAN2 needs to discuss how to configure SPS resource between two options below:
· Option 1. One SPS configuration per cell includes multiple SPS resource information for each BWP. There could be a BWP which is not allocated with SPS resource.
· Option 2A. One SPS configuration per cell includes only one SPS resource information for a single BWP within the cell. Upon BWP switching, the existing SPS resource information is not applied to the new active BWP.
NOTE. The rapporteur recommends to discuss open issue 5 after the discussion on [99bis#41] in RAN2#100 because SPS operation with BWP needs to be clarified first.

3.	Conclusion
The proposals and open issues are listed below.
Proposals
Proposal 1. The UE behavior on the active BWP includes the followings. 
1. PDCCH monitoring on the BWP
2. PUCCH transmission on the BWP, if configured.
3. PUSCH transmission on the BWP
4. PRACH transmission on the BWP, if configured.
Proposal 2. For PCell, no additional activation step is required to activate a BWP when PCell is newly added.
Proposal 3. For SCell, no additional activation step is required to activate a BWP when SCell is activated.
Proposal 4. There is no case that a cell is active with no active BWP. 
Proposal 5. BWP switching should not occur during RA procedure for RRC Connection establishment.
Proposal 6. During CFRA, the network doesn’t perform BWP switching. Nothing needs to be captured.
Proposal 7. If Approach 1 is adopted for open issue 2, the MAC should continue RA procedure even if BWP switching occurs.
Proposal 8. There is no additional text required to specify the UE behaviour for the BWP switching during SR procedure. Only the PUCCH resources on the activated BWP can be considered valid.
Proposal 9. BWP switching either by DCI or BWP timer does not interfere any running drx-InactivityTimer or drx-onDurationTimer.
Proposal 10. There is one HARQ entity per serving cell even with there are multiple BWPs configured for a serving cell.
Proposal 11. For HARQ, the candidate values for K' and N' are configured per numerology. The candidate values for a numerology are applied to the BWP with that numerology.

Open issues
Open issue 1. RAN2 needs to discuss whether to specify PDSCH reception as the UE behaviour on the active BWP.
Open issue 2. For CBRA, RAN2 needs to discuss how to handle BWP switching during RA procedure between Approach 1, 2, and 3, by taking the case where the active BWP doesn’t have any PRACH resource into account.
· Approach 1. BWP switching could occur during RA procedure.
· Approach 2. Prevent BWP switching during RA procedure (6 companies), by e.g., restarting/pausing/stopping the BWP timer during RA procedure.
· Approach 3. Remove interruption from BWP switching (1 company), by e.g., restricting PRACH resource to be configured on common bandwidth of different BWPs.
Open issue 3. If Approach 1 is adopted for open issue 2, RAN2 needs to discuss how to specify it in the specification. The option includes,
· Option 1. No additional text is required other than the UE behaviour on the active/deactive BWP
· Option 2. Specify in a normative text
· Option 3. Specify in a Note
Open issue 4. For PHR, RAN2 needs to discuss whether a new PHR trigger condition is required for BWP switching.
· Option 1. Yes, e.g., upon BWP switching, upon BWP switching from/to default BWP to/from non-default BWP
· Option 2. No.
Open issue 5. For SPS, RAN2 needs to discuss how to configure SPS resource between two options below:
· Option 1. One SPS configuration per cell includes multiple SPS resource information for each BWP. There could be a BWP which is not allocated with SPS resource.
· Option 2A. One SPS configuration per cell includes only one SPS resource information for a single BWP within the cell. Upon BWP switching, the existing SPS resource information is not applied to the new active BWP.
NOTE. The rapporteur recommends to discuss open issue 5 after the discussion on [99bis#41] in RAN2#100 because SPS operation with BWP needs to be clarified first.

4.	Annex: Agreements on BWP in RAN1 and RAN2
RAN1#88
Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth

RAN1#88b
Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large asthe SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM

RAN1#89
Agreements:
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially forCA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration

Agreements:
· The maximum bandwidth for CORESET for RMSI scheduling and NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UE can support in each frequency range
· At least, for one RACH preamble format ,the bandwidth should be equal to or smaller than a certain UL bandwidth of NR that all UE can support in each frequency range
· This implies there could be other RACH preamble format with larger bandwidth than a certain bandwidth of NR that all UE can support 

Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH

Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing

Agreements:
· In case of one active DL BWP for a given time instant, 
· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.
· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs
· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 
· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
· Details FFS

Agreements:
· Support switching between partial bands for SRS transmissions in a CC
· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 
· Consider RF retuning requirement for partial band switching
· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item

RAN1#90
Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL

Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported
· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part
· The default DL bandwidth part can be the initial active DL bandwidth part defined above 
· FFS: The default DL bandwidth part can be reconfigured by the network
· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)
· FFS: other conditions to switch to default DL bandwidth part

Agreements:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET

Agreements:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)
· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS andBSRS   can be reused in a UE specific manner
· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods
· Note that the design shall consider the maximum allowed bandwidth of a BWP

Agreements:
· Frequency-hopping for a PUCCH occurs within the active UL BWP for the UE
· FFS message 4 ACK/NACK
· FFS multiple active BWP
· The active BWP refers to BWP associated with the numerology of PUCCH

RAN1#90bis
Agreements:
· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching
· FFS whether or not to support a single DCI switching DL and UL BWP jointly
· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair
· Note: there is no additional restriction on DL BWP and UL BWP pairing
· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum

Agreements:
· For a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell

Agreements:
· For each serving cell, the maximal number of DL/UL BWP configurations is
· For paired spectrum: 4 DL BWPs and 4 UL BWPs
· For unpaired spectrum: 4 DL/UL BWP pairs
· For SUL: 4 UL BWPs
Agreements:
· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP
· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP
· FFS other cases
· A UE switches its active DL BWP to the default DL BWP when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)
· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair
· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair
· FFS other cases
· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)
· FFS the range and granularity of the timer

Agreements:
· For an Scell, RRC signalingfor Scell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the Scell is activated
· NR supports Scell activation signaling that doesn’t contain any information related to the first active DL/UL BWP
· For an Scell, active DL BWP and/or UL BWP are deactivated when the Scell is deactivated
· Note: it’s RAN1 ‘s understanding that Scell can be deactivated by an Scell timer

Agreements:
· For an Scell, a UE can be configured with the following:
· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired
· The default DL BWP can be different from the first active DL BWP
· For Pcell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE
· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP

Agreements:
· In a serving cell where PUCCH is configured, each configured UL BWP includes PUCCH resources
Agreements:
· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP
· FFS whether or not there are any additional UE behavior that needs to be specified
· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP

Agreements:
· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB
· Granularity of bandwidth size: 1 PRB
· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly

Agreements:
· For a UE, DCI format size itself is not part of RRC configuration irrespective of BWP activation & deacviation in a serving cell
· Note: DCI format size may still depend on different operations and/or configurations (if any) of different information fields in the DCI

Agreements:
· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 
· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI
· For Scell, the reference location is the frequency location indicated in the SCell configuration
· For SUL, the reference location is the frequency location indicated in the SUL configuration 
· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.
· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.
· The range of offset values should be >276*4, with the detailed values FFS

Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delievering RMSI are confined within the initial active DL BWP

Agreement:
UE is configured with PRB bundling size(s) per BWP

Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
· FFS: Whether the value of X is same or different for beam management and CSI acquisition
· FFS: The value of X may or may not be numerology-dependent


RAN2#99b
Agreements for BWP operation in CONNECTED mode:
1:	BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.
2a:	RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 
2b	RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)
3	For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')
4	Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.
5	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).
6	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

=>	RRC timers and counters related to RLM are not reset when the active BWP is changed.

Agreements:
1. An SR configuration consists of a collection of sets of PUCCH resources across different BWPs and cells with the following constraints:
–	Per cell, at any given time there is at most one usable PUCCH resource per LCH
–	This corresponds to the case of one single LTE-like set of SR PUCCH resources being configured per LCH per BWP, and only one BWP being active at a time
4 	BWP switching and cell activation / deactivation do not interfere with the operation of the counter and timer.

1. FFS – if MAC is aware of state of the BWP (active or inactivate)
2. FFS - When a BWP is deactivated, the UE stops using all configured downlink assignments and configured uplink grants using resources of this BWP.  FFS whether it is suspends the configured grants of the or it clears it. 

Agreements:
1	RAN2 confirms, a new timer (BWP inactivity timer) is introduced to switch active BWP to default BWP after a certain inactive time.  BWP inactivity timer in independent from the DRX timers.  

Agreements 
1. The power headroom information will still be carried in MAC CE.  
2. Virtual and real PHR type 1 and Type 2 are supported
3. At least PHR trigger conditions defined in LTE should be reused in NR
4. Assume BWP does not impact the PHR MAC CE format design

Agreeements:
1	Behaviour on the BWP that is deactivated 
-       not transmit on UL-SCH on the BWP;
-       not monitor the PDCCH on the BWP;
-       not transmit PUCCH on the BWP;
-       not transmit on PRACH on the BWP;
-       do not flush HARQ buffers when doing BWP switching (unless an issue is identified)
2	RAN2 will not support MAC CE BWP switching
1
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