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Discussion and Decision
1      Introduction
In [1], open issues are summarized for uplink Tx switching from RAN1 perspective. As per the guidance of Chairman, following issues are identified for email discussion/approval during RAN1 #100bis e-meeting:
[100b-e-LS-TxSwitching-01] Email approval of the reply LS for R1-2001522 by 4/24 under AI 5.1 (CT/Apple, Jianchi/Chunhai)

· Discussion on potential RAN1 specification impact.

· Reply LS to RAN4

[100b-e-LS-TxSwitching-02] Email discussion/approval of the remaining issues for inter-band UL CA

· Mapping between UL transmission ports and Tx chain

· Switching mechanism

· Support of codebook based PUSCH transmission.

till 4/27, and the corresponding TPs if any by 4/30 (CT, Jianchi)

[100b-e-LS-TxSwitching-03] Email discussion/approval of the remaining issues for SUL, EN-DC and other general issues
· How to capture the additional time for PUSCH preparation procedure

· Whether additional preparation time is needed for other UL channels/signals

· UE behaviour in switching period

· Twisted-order scheduling/observation period

· For EN-DC, mapping between UL transmission ports and Tx chain, TDM pattern, switching mechanism, handling of transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR.

· Whether more than two uplink carriers can be supported.

till 4/27, and the corresponding TPs if any by 4/30 (CT, Jianchi)

[100b-e-LS-TxSwitching-04] Email approval of TP capturing agreements from previous meetings regarding UL Tx switching (04/24-04/29) – Mihai (Nokia)
This is email discussion thread #3 to discuss the remaining issues for SUL, EN-DC and other general issues.
2      Discussion on remaining issues for SUL, EN-DC and other general issues

Issue #1: How to capture the additional time for PUSCH preparation procedure
In RAN1 #100e, the following agreement was reached:
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

It was also discussed how to capture the above agreement. There are two options:
Option 1:
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Nswitching: round up to integer symbols

Option 2:
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Companies are invited to answer following questions. 
· Q1: Which option is preferred? Why?
· Q2: Is there any problem for either of the above two options?
	Companies
	Q1
	Q2

	Qualcomm
	Option 1
	Option 2 should be conditioned on an agreement that Tswitch is an integer number of symbols. Although that seems to be the RAN4 assumption, Option 1 is more straightforward as it needs no additional agreement.

	Nokia
	Option 2
	If we use option 1, then we need to define the switching time for each SCS for each different capability. TDD duplex direction switching minimum guarantee is also defined in samples in TS38.211. 

	ZTE
	Prefer Option 1 to align with the definition of N2.
	It’s okay as long as gNB and UE can align on exactly where the switching period is.

	MediaTek
	Prefer Option 2
	

	Huawei, HiSilicon
	Option2, because proposal Option 1 is not complete and the relationship between N_switching and T_switch is missing. We have shown in the following figure that some performance loss is found for Option1 [17]. Additionally, in case of mixed numerology case like 15kHz SCS + 30kHz SCS, the 35us T_switch will be rounded into 71.4 us gap, unnecessarily increasing the gap.
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	Please note in LS R4-2002816, the T_switch is in unit of us instead of symbols as QC claimed. And some performance loss are identified as explained in column Q1

	OPPO
	Prefer Option 1
	Both are ok


Issue #2: Whether additional preparation time is needed for other channels/signals
Whether additional preparation time is needed for other channels/signals, e.g., [image: image5.png]


, PRACH/PUCCH/aperiodic SRS, was raised in [7]

 REF _Ref37750774 \r \h 
 \* MERGEFORMAT [14]

 REF _Ref37750777 \r \h 
 \* MERGEFORMAT [15].
Companies are invited to answer the following questions. 

· Q1: Whether additional time is needed in computation of [image: image7.png]


?
· Q2: Whether additional time is needed for PDCCH order triggered PRACH transmission?
· Q3: Whether additional time is needed for PUCCH transmission due to HARQ-ACK?

· Q4: Whether additional time is needed for aperiodic SRS transmission?
	Companies
	Comments

	Qualcomm
	[image: image9.png]


 should be increased the same way as Tproc,2 under Issue #1. 
For all other cases listed, the minimum time should be max(Tproc,2 , ‘minimum preparation time in Rel-15’), where Tproc,2 is extended as described under Issue #1. 

	Nokia
	The additional preparation time is not needed anywhere.

	MediaTek
	Q1: Yes, the same as Tproc, 2 
Q2/Q3/Q4: Yes, increase by Tswitch and then rounding to next symbol

	Huawei, HiSilicon
	Q1: Yes, the same as Tproc, 2 because as explained in [17], T_proc,2^mux’s equation has a similar form of T_proc,2 and a similar reason to be enlarged.
Q4: Yes, increased by Tswitch as treated to PUSCH

Q2: either way is fine
Q3: Not needed because T_proc,1 is defined with starting from the end of symbols of PDSCH but before which a UE is able to be aware of switching by decoding PDCCH, i.e. the PDSCH symbols are kind of existing margin.


Companies are invited to provide views on what information can trigger uplink Tx switching, e.g. DL grants, UL grants, configured grant.

	Companies
	Comments

	Qualcomm
	All UL transmissions should be considered, whether configured or dynamic, as long as the transmission starts within the observation period. 
Any cancellation should be ignored (i.e. consider as if transmitted)

	Nokia
	All UL transmissions should be considered.

	ZTE
	Any uplink transmission can trigger uplink Tx switching as long as it meets the condition of triggering case change.

	MediaTek
	All can trigger uplink Tx switching as long as there is corresponding UL transmission.

	Huawei, HiSilicon
	All that have corresponding UL transmission can trigger uplink Tx switching.


Issue #3: UE behaviour in switching period
In RAN1 #100e, the following agreement on switching period was reached:

· For inter-band UL CA, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.

· FFS: whether to handle the case when switching period cannot be ensured by gNB.

Companies are invited to provide views on the part in brackets and FFS part.
	Companies
	Comments

	Qualcomm
	The UE is expected to be neither scheduled or configured to transmit during the switching period. 
No handling of the case of conflicting scheduling should be described in the specification. The handling should be up to UE implementation.

	Nokia
	The UE needs the gap because it is switching. It should then be fully capable of not transmitting during the switch, and it does not need to rely on the network not scheduling/configuring any transmissions on the gap. I.e. the UE is not expected to transmit during the gap regardless of whether it was instructed to do so by the network.

	ZTE
	It’s okay to let gNB ensure the switching gap in most of the cases. It can be discussed for the cases when UL transmission is not fully controlled by gNB e.g. PRACH.  We can consider let UE prioritize PRACH and drop the case switching. i.e. 
· UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period.

· If PRACH transmission overlaps with the switching period, UE may transmit the PRACH and drop the case switching.

	MediaTek
	Support to remove the brackets.

gNB should ensure there is no UL transmission colliding with the switching period. If error case happens, it’s up to UE implementation.

	Huawei, HiSilicon
	Firstly, such proposal should be applicable to three scenarios, UL-CA, SUL and EN-DC because it addresses a general issue. Secondly, we don’t feel that the brackets should be removed because it does not relax any UE implementation burden where UE anway needs some monitoring and check for error cases e.g. caused by mis-decoding DCI. 

	OPPO
	Support to remove the brackets
FFS part:  up to UE implementation


Issue #4: Twisted-order scheduling/observation period

In RAN1 #100e, the problem of twisted-order scheduling was raised, and was further discussed in [15]

 REF _Ref37755596 \r \h 
[17]. Observation period was proposed to handle the problem of twisted-order scheduling.
Companies are invited to answer the following questions. 

· Q1: Is there any problem of twisted-order scheduling for SUL/UL CA/EN-DC?
· Q2: Is it necessary to handle the problem of twisted-order scheduling? If yes, how?
· Q3: Is it necessary to define observation period? If yes, how?
	Companies
	Comments

	Qualcomm
	Q1: Yes. Assume carrier 1 SCS is 15kHz, carrier 2 SCS is 30 kHz. Assume carrier 2 supports three control spans per slot (FG 3-5b). There is a DL grant in symbol 10 of slot 0, for which PUCCH is being sent in slot 2, symbols 0-7. This is 18 symbols before the UL transmission. However, the UE already made a decision at 20 symbols before the beginning of slot 2 because N2=10 in carrier 1, which is 20 symbols in carrier 2. This is an error in SUL and CA Option 1, but not an error in CA Option 2.
Q2: Yes. Add the condition: “The UE doesn’t expect to receive any dynamic DL grant or UL grant after preparation time before the current transmission that would cancel the triggered switch or would trigger another switch before the current transmission.”

Q3: Yes. For CA, the observation period is the first slot of the UL phase in carrier 2.

	Nokia
	Q1: There maybe an issue as Qualcomm outlines
Q2: Should suffice to say that the UE is not expected to act on any scheduling/configuration that takes place within the preparation time of the current transmission that would cancel the triggered switch or trigger another switch before the current transmission has been completed

Q3: We are OK to discuss observation period, not 100% convinced it is needed, but won’t have a problem if it helps the progress. In our view the same solution should be applied for both CA and EN-DC 

	ZTE
	Q1: Yes, “out of order” or “twisted-order” UL operation may increase UE complexity for all 3 scenarios.

Q2: Extra restriction can be discussed. E.g. any case switch is not allowed during the process of already triggered case switch. e.g. cannot allow out of order uplink operation once case switch is triggered etc.

Q3: It is fine to introduce observation period but it is desirable to allow frame-based scheduling i.e. allow scheduling offset up to a radio frame for scheduling UL transmission with case switch.  Together with the restriction on out-of-order operation in Q2, this should sufficiently reduce UE complexity on monitoring case switch.

	Huawei, HiSilicon
	Q1: CA Option1 is a subset of CA Option2. Please @QC clarify it a bit why CA Option1 has such issue but CA Option2 can be immune.
Q2: The concept of preparation time needs some clarification. Similar to NR-DC discussions for power control, it can be done by introducing T0-T_offset, as the figure shown below [17]
Proposal: After T0-T_offset, UE is not expected to cancel a triggered UL switch or trigger a new UL switch for the current UL transmission where T0 is the starting time of the current UL transmission and T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the current transmission.
@Nokia, gNB should be allowed to trigger a potential switch by DCI for a UL transmission that is transmitted after the current transmission even though the DCI is sent during the T0-T_offset duration of the current transmission. It is one reason why we propose a revised wording.
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Q3: We are afraid that the concept of observation period is not clear enough but looks like a scheduling restriction to gNB. We would like to hear more about its benefits to UEs.

Finally, as discussed during preparation phase of email discussions, the following proposal in [17] should be included in the summary for discussion.

Proposal 3: Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL

· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively. 


Issue #5: Remaining issues for inter-band EN-DC without SUL
Issue #5-1: General mechanism
In RAN1 #100e, the mechanisms to support uplink Tx switching for inter-band EN-DC without SUL were extensively discussed. Considering the controversial discussion in last meeting, before discussing the details, we can try to agree on the general mechanisms.
Companies are invited to answer the following questions.
· Q1: For EN-DC, whether uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration?

· Q2: For EN-DC, whether Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching?

· Q3: For EN-DC, whether Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching?
	Companies
	Comments

	Qualcomm
	Q1: No
Q2: Yes

Q3: No

	Nokia
	Q1: Yes
Q2: Yes

Q3: Yes

	ZTE
	Q1: No. If there is no EN-DC HARQ timing case 1 configuration, it would require tight coordination between LTE and NR modules which is not aligned with basic assumption of EN-DC.

Q2: Yes, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching
Q3: No. If Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell is used, it would require tight coordination between LTE and NR modules which is not aligned with basic assumption of EN-DC.

	MediaTek
	Q1: Yes if the UE supports the capability of Rel-15 or Rel-16 EN-DC HARQ timing case 1.
Q2: Yes

Q3: Yes

	Huawei, HiSilicon
	Q1: We prefer NO, because reusing a semi-static TDM pattern for UL Tx switching can reduce UE implementation for EN-DC, and is helpful for scheduling coordination between gNB and eNB. We are open to see detailed solution to support UL Tx switching for EN-DC without reusing EN-DC HARQ timing case 1 configuration.
Q2: Yes

Q3: Yes, it is just to reuse what we have in Rel-16. No further spec impact is required. In order to deal with potential tight coordination between eNB and gNB, a UE behavior for UL collision has been specified in Rel-16, which is just reused. For UE incapable of dynamic power sharing, there is no tight coordination if the eNB does not schedule any UL beyond the configured TDM pattern. Whether configure Rel-15 HARQ timing case1 or the Rel-16 one is just up to eNB’s implementation, there is no need to introduce restriction of eNB implementation in spec. 

	OPPO
	Q1: No
Q2: Yes

Q2: Yes


Companies are invited to provide views on the details, if uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration.
	Companies
	Comments

	Nokia
	The definition for NR-CA can apply as-is for the NR side behaviour in EN-DC. There is no need to diverge the two definitions and unnecessarily require a particular solution for EN-DC when a generic solution that we anyway need to define for NR-DC works fine. We are supportive of requiring the UE to support the FG 6-13/8-2, but there is no need to hard-code that in the specifications.


Companies are invited to provide views on the details, if Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.
	Companies
	Comments

	Qualcomm
	The UE assumes Case 1 in the subframes that are UL in the TDM pattern, Case 2 in the remaining subframes. 

	Nokia
	Configuring the UE with the TDM pattern would facilitate prevention of simultaneous UL Tx between LTE and NR, but there is no need to specify that this is what needs to be used.

	ZTE
	To support Tx switching between two uplink carriers for EN-DC, reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell

­
UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes

­
In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port transmission.

­
NOTE: No change to LTE operation

­
NOTE: UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration
It should be clarified whether switching period can be put into the time duration outside the UL phase for EN-DC, e.g., the time duration where UL transmission is not allowed to transmit in either carrier 1 or carrier 2.

	Huawei, HiSilicon
	It is just to reuse existing mechanism of Rel-15/Rel-16 pattern of HARQ timing case1, and define the presence of switching period, as proposed in [17]. 
Proposal 6: For EN-DC, if a UE is configured with operation of uplink Tx switching:
· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Note: the location of any switching period still follows RAN4 agreements.

· A switching period is required in the following cases,

· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 

· For a NR UL transmission, the last UL transmission is a LTE transmission

· FFS: other cases pending on the down-selection between Option1 and Option2 below.

· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching

· Down selection on the following two options:

· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.

· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.

· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT

· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 

· No change to LTE operation.​


Companies are invited to provide views on the details, if Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.
	Companies
	Comments

	Nokia
	Configuring the UE with the TDM pattern would facilitate prevention of simultaneous UL Tx between LTE and NR, but there is no need to specify that this is what needs to be used.

	Huawei, HiSilicon
	It is just to reuse existing mechanism of Rel-15/Rel-16 pattern of HARQ timing case1, and define the presence of switching period, as proposed in [17]

Proposal 6: For EN-DC, if a UE is configured with operation of uplink Tx switching:
· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Note: the location of any switching period still follows RAN4 agreements.

· A switching period is required in the following cases,

· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 

· For a NR UL transmission, the last UL transmission is a LTE transmission

· FFS: other cases pending on the down-selection between Option1 and Option2 below.

· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching

· Down selection on the following two options:

· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.

· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.

· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT

· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 

· No change to LTE operation.​


Issue #5-2: Switching mechanism
In RAN1 #100e, we discussed the state of Tx chains in case of no UL transmission for SUL and UL CA, but haven’t discussed this issue for EN-DC.
Proposal:
· For EN-DC, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.
Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	Agreement is not needed

	Nokia
	Not sure if this needs to be agreed.

	ZTE
	Do not agree with the proposal.  
Instead, UE should assume Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. 

	MediaTek
	Support the proposal

	Huawei, HiSilicon
	Support the proposal, because it has been agreed for SUL and as WA for CA. We don’t feel there is a need to force UE to change its Tx chains in case of no UL transmission as ZTE proposed

	OPPO
	Support


Issue #5-3: Handling of transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR.
We have achieved agreements on handling of transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2, but haven’t discussed this issue for EN-DC.
Proposal:
· For EN-DC, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).

Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	Agree with the proposal

	Nokia
	Would prefer that the UE drops one of the transmissions in case of conflict.

	ZTE
	OK with the proposal for EN-DC.  Also need the same proposal for SUL since it also allows simultaneous transmission with SRS.

	MediaTek
	Support the proposal.

	Huawei, HiSilicon
	Support.

	OPPO
	Support


Issue #6: Whether more than two uplink carriers can be supported.
In last RAN1 meeting, the question of whether more than two uplink carriers can be supported for uplink Tx switching was raised. 

Proposal: 

· If uplink Tx switching is configured, UE is not expected to be configured with more than two uplink carriers in Rel-16.

Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	Support limiting to 2 carriers

	Nokia
	Support limiting to 2 carriers for simplicity.

	ZTE
	It should be clear that Tx switching operation can only be supported for two FR1 uplink carriers. The question is whether we allow more than two uplink configured carriers while only two of them support Tx switching.  Knowing that RAN2 is also discussing this now, it is better to let RAN2 make the decision since it involves RAN2 signalling design.  So we don’t need to discuss this proposal in RAN1.

	MediaTek
	It’s out of WID scope. This WI is limited to a UE with 2Tx capability and UL Tx switching between two uplink carriers.

	Huawei, HiSilicon
	The proposal is not needed, which has been clarified by the scope of WID.

	OPPO
	only supports 2 carriers


Other issues
Companies are invited to provide views on other issues not covered above.
	Companies
	Comments

	Qualcomm
	There should be an agreement on the observation period, which should be limited to the first slot of the UL phase. 

For the SUL case, agree on support of simultaneous transmission on NUL and SUL with Tx switching in case of SRS transmission. 

	ZTE
	There are more issues for SUL as we shown in our tdoc R1-2001626.

Proposal 10: Further discuss the location of switching period for Tx switching.
Alt.1. The switching period is placed before the UL transmission.
Alt.2. The switching period is placed after the scheduling DCI.
Alt.3. The switching period can be placed anywhere between the scheduling DCI and the UL transmission.

Alt.4. The switching period is restricted to be placed in slot boundary or UL phase boundary.
Proposal 11: Further discuss how to use Option 2 framework to support Tx switching mechanism for UEs supporting simultaneousTxSUL-NonSUL in SUL scenario.

	Huawei, HiSilicon
	As discussed during email preparation phase, the proposal 3 in [17] should be added as a follow-up of last meeting 
Proposal 3: Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL

· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively. 




3      Proposals
Proposal 1:
· Down selection on the following two options:

· Option 1:
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Nswitching: round up to integer symbols

Supported by: Qualcomm, ZTE, OPPO

· Option 2:
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Supported by: Nokia, MediaTek, Huawei, ZTE, OPPO

Proposal 2:
· If uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period for the followings cases:
· 
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· Aperiodic SRS transmission
· PDCCH order triggered PRACH transmission

Proposal 3:

· If uplink Tx switching is configured, all UL transmissions can trigger uplink Tx switching.

Supported by: Qualcomm, Nokia, ZTE, MediaTek, Huawei

Proposal 4:

· For inter-band UL CA, SUL and EN-DC, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.

· FFS: whether to handle the case when switching period cannot be ensured by gNB.

· If error case happens, i.e., switching period cannot be ensured by gNB, it’s up to UE implementation.
· If PRACH transmission overlaps with the switching period, UE may transmit the PRACH and drop the case switching.
Proposal 5:

· The UE doesn’t expect to receive any dynamic DL grant or UL grant after preparation time before the current transmission that would cancel the triggered switch or would trigger another switch before the current transmission.

Proposal 6: 

· Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

Proposal 7:

· For EN-DC, at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.

· FFS: whether uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration.

· FFS: whether Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.
	· For EN-DC, uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration.

Support: Nokia, MediaTek (Conditional)

Not support: Qualcomm, ZTE, Huawei, OPPO, CATT

· For EN-DC, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.

Support: Qualcomm, Nokia, ZTE, MediaTek, Huawei, OPPO, CATT

Not support: 

· For EN-DC, Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.

Support: Nokia, MediaTek, Huawei, OPPO, CATT

Not support: Qualcomm, ZTE


Proposal 8:

· For EN-DC, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching

· If UE has UL transmissions

· For LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed.

· Down selection on the following two options:

· Option 1: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.

· Option 2: In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 

· No change to LTE operation.

Proposal 9:
· For EN-DC, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.
Support: MediaTek, Huawei, OPPO

Not support: ZTE, CATT

Agreement is not needed: Qualcomm, Nokia

Proposal 10:

· For EN-DC, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).

Support: Qualcomm, ZTE, MediaTek, Huawei, OPPO

Not support: Nokia

Proposal 11:

· For SUL UEs capable of simultaneousTxSUL-NonSUL
· If uplink Tx switching is configured, simultaneous transmission of SRS on an UL carrier and PUSCH/PUCCH/SRS on the other UL carrier is supported.

Support: Qualcomm, ZTE, Nokia

Have concerns: Huawei

Revised proposals after further discussion
Proposal 1: 

· For SUL, if UL Tx switching is configured:

[image: image15.wmf](

)

,2

22,1switch2,2

max

()(2048144)2+,

procC

TT

NdTd

m

k

-

=×

++×


· For CA and EN-DC, if UL Tx switching is configured:

Working assumption: 
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· Tswitch in above two bullets equals to the length of UL switching period reported by UE.
Proposal 2:
Working assumption:

· If uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period for the followings cases:
· 
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· Aperiodic SRS transmission
· PDCCH order triggered PRACH transmission

· Tproc, CSI in case of CSI triggered with Z1 of Table 5.4-1 of TS 38.214, FFS: the other cases of Tproc, CSI
Proposal 3:

· If uplink Tx switching is configured, all UL transmissions can trigger uplink Tx switching.

Proposal 4:

· For inter-band UL CA, SUL and EN-DC, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.

Proposal 5:
· For SUL, UL CA and EN-DC

· After T0-T_offset, UE is not required to cancel a triggered UL switch or trigger a new UL switch for a UL transmission starting at T0, and T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the UL transmission.
Proposal 6:
· Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

· For UL CA

· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 1-port transmission in carrier 1 and 2-port transmission in carrier 2, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

·  The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 2-port transmission in carrier 2 and 1-port transmission in carrier 1, where  T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· For EN-DC
· The current transmission occasion and the last transmission occasion assumed by the UE atT0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

Proposal 7:

· Observation: For EN-DC, at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.

· FFS: whether the support for Rel-15 EN-DC HARQ timing case 1 with FDD PCell is mandatory for UEs supporting UL Tx switching for EN-DC

· FFS: whether uplink Tx switching support is limited to be only supported with the Rel-15 EN-DC HARQ timing case 1 with FDD PCell configured.

Proposal 8:

· For EN-DC, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching

· If UE has UL transmissions
· For LTE subframes designated as UL in the reference DL/UL configuration, LTE UL transmission is allowed.

· For LTE subframes other than designated as UL in the reference DL/UL configuration, no LTE UL transmission is allowed.

· If UE does not have UL transmissions

· FFS: whether the state of Tx chains of last UL transmission is assumed.

· Down selection on the following options:

· Option 1a: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.

· Option 1b: In case of NR UL transmissions overlapping with LTE subframes designated as UL in the reference DL/UL configuration, the NR UL transmission is dropped.

· Option 2: In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 
· No change to LTE operation.

Proposal 10:
· For EN-DC, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).

4      Agreements

Working assumption:
· If uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period for the followings cases:
· 
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· Aperiodic SRS transmission
· PDCCH order triggered PRACH transmission

· Tproc, CSI in case of CSI triggered with Z1 of Table 5.4-1 of TS 38.214, FFS: the other cases of Tproc, CSI
Agreements:
· If uplink Tx switching is configured, all UL transmissions can trigger uplink Tx switching.

Agreements:
· Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

· For UL CA

· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 1-port transmission in carrier 1 and 2-port transmission in carrier 2, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

·  The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 2-port transmission in carrier 2 and 1-port transmission in carrier 1, where  T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· For EN-DC
· The current transmission occasion and the last transmission occasion assumed by the UE atT0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

Agreements:
· Observation: For EN-DC, at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.

· FFS: whether the support for Rel-15 EN-DC HARQ timing case 1 with FDD PCell is mandatory for UEs supporting UL Tx switching for EN-DC

· FFS: whether uplink Tx switching support is limited to be only supported with the Rel-15 EN-DC HARQ timing case 1 with FDD PCell configured.

Agreements:
· For EN-DC, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).
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6      Appendix
	Companies
	Views

	ZTE (R1-2001626)
	Proposal 1: If a UE is configured with Tx switching for inter-band CA, EN-DC or SUL, UE is not expected to be configured with more than two uplink carriers in Rel-16. 

Proposal 7: 
UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period.

· If PRACH transmission overlaps with the switching period, UE may transmit the PRACH and drop the case switching.

Proposal 8: To support Tx switching between two uplink carriers for EN-DC, reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell

· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes

· In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port transmission.

· NOTE: No change to LTE operation

· NOTE: UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration

Proposal 9: RAN1 clarifies whether switching period can be put into the time duration outside the UL phase for EN-DC, e.g., the time duration where UL transmission is not allowed to transmit in either carrier 1 or carrier 2.

Proposal 10: Further discuss the location of switching period for Tx switching.

Alt.1. The switching period is placed before the UL transmission;

Alt.2. The switching period is placed after the scheduling DCI;

Alt.3. The switching period is placed within the scheduling DCI and the UL transmission.

Alt.4. The switching period is restricted to be placed in slot boundary or UL phase boundary.

Proposal 11: Further discuss how to use Option 2 framework to support Tx switching mechanism for UEs supporting simultaneousTxSUL-NonSUL in SUL scenario.

	vivo (R1-2001643)
	Proposal 1: For EN-DC, support following options as UE capability 

· Option 1: Reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell

· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. 

· UE is not expected to transmit in NR for Case 1.

· No change to LTE operation.
· Option 3: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell

· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 

· UE is not expected to transmit in NR for Case 1.

· ​No change to LTE operation. 

· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

· For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.

	OPPO (R1-2001743)
	Option 1:
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Option 2:
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Proposal 1: When UL switching period exists due to Tx switching, the length of Tx switching time is added to the current PUSCH preparation procedure as Option 1 or Option 2. 

	MediaTek (R1-2001821)
	Proposal #1: For PDCCH order triggered PRACH transmission, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a PDCCH order and the corresponding PRACH transmission.

Proposal #2: For PUCCH transmission due to HARQ-ACK, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a PDSCH and the PUCCH transmission for the corresponding HARQ-ACK.

Proposal #3: For aperiodic SRS transmission, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a triggering PDCCH and the triggered SRS transmission.

	CATT (R1-2002059)
	Proposal 2:

· For inter-band EN-DC without SUL, UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration, and always assume Case 2 in the remaining subframes.

	China Telecom (R1-2002190)
	Proposal 2: For inter-band UL CA, UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period. 
Proposal 3: If uplink Tx switching is configured, UE is not expected to be configured with more than two uplink carriers in Rel-16.
Proposal 9: For synchronous EN-DC, uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration. For EN-DC, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching. For EN-DC, Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.

	Nokia (R1-2002222)
	Proposal: Apply the Inter-band UL CA agreement above to the EN-DC as well: For EN-DC, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on the LTE uplink (carrier 1) and 2Tx transmission on the NR uplnk (carrier 2).

Proposal: If PRACH is to be triggered on one carrier, it will pre-empt the scheduled/configured 2-port transmission on the other carrier. 

Proposal: The UL switching is defined only for the case where two and no more than two uplinks are configured.

Presence of the switching gap: 

Proposal: Agree on the abovementioned working assumption: Working Assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. It can be revisited in RAN1#100bis.
Proposal: Extend the same behaviour for EN-DC

Maximum rate of switching: For the Stand-alone NR with SUL, the agreement states that the need for switching is evaluated once for each UL transmission occasion (transmission occasion is defined in clause 7 of T 38.213). There seems to be no reason to define this differently for UL CA or for EN-DC.

Proposal: For both EN-DC and NR-CA, the presence of the switching gap is determined one time every transmission occasion. 

Proposal: The 1-Tx operation is limited to the following two uplink configurations (additional DL-only SCells may be configured)

· LTE FDD PCell and NR TDD SCell

· LTE TDD PCell and NR TDD SCell where the uplink phases of the TDD patterns do not overlap 

Proposal: In order to ensure good commonality with EN-DC and NR-CA behavior the network is expected to ensure that the UE is never scheduled or configured to transmit LTE uplink and 2-port NR uplink at the same time. 

Proposal: The UE is expected to be able to transmit LTE and 1-port NR uplink transmissions simultaneously.

Proposal: The UEs supporting switched uplink with FDD LTE PCell shall support at least the Rel-15 TDD reference pattern for LTE FDD cell (FG6-13).

Proposal: The UEs supporting switched uplink with TDD LTE PCell shall support at least the Rel-16 TDD reference pattern for LTE TDD cell (FG [18-2]).

	Ericsson (R1-2002413)
	Proposal 1

· For capturing impact of increased PUSCH processing time, replace [image: image22.png]N2



 with [image: image24.png]
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being the UE capability reported for length of UL switching period.

Observation 1

· It should be clarified whether the increased [image: image30.png]N2



 is also used in computation of [image: image32.png]


 and aperiodic SRS switching delay.

	Qualcomm (R1-2002516)
	Proposal 6: additional PUSCH switching should be in integer symbols, if UL Tx switching is configured.

Proposal 7: the observation period for an allowed switch boundary is 

· Option 1: first TDD slot after the allowed switch boundary

· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 

· Among these two options we prefer Option 1 for simplicity. 

Proposal 9: for EN-DC, reuse Rel-15 EN-DC single UL Tx operation with FDD PCell

· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes

· No change to LTE operation

	Huawei (R1-2002661)
	Observation 1: If UE is scheduled overlapping PUCCHs or overlapping PUSCH(s) and PUCCH(s) transmissions and each UL transmission is over a single slot without repetitions, additional time is needed for [image: image34.png]


 when Tx switching is triggered.
Proposal 1: For a UE which supports UL Tx switching, additional time is needed for the calculation of [image: image36.png]


 if uplink Tx switching is triggered:
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, when there are a group of overlapping PUSCH(s) and PUCCH(s).
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, when there are a group of overlapping PUCCHs.

Where [image: image42.png]Towitching



 equals to the length of UL switching period reported by UE.

Observation 2: In case of SUL, the twisted-order scheduling, i.e., the case that UE receives a DL grant latter than a UL grant while the PUCCH scheduled by the DL grant is transmitted earlier than the PUSCH scheduled by the UL grant, have been prevented by the existing T_proc,2 and T_proc,1 restrictions. No further scheduling restriction is needed.

Proposal 3: Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL

· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively. 

Observation 3: Because of the presence of TA, a round-up process on OFDM symbol basis for calculating PUSCH preparation timing has always existed between DL symbol grids and UL symbol grids, which has provided a nontrivial time margin of UL symbol length minus TA length. The effective preparation budget requirement for PUSCH is unnecessarily increased if an additional rounding up is introduced to the switching time in microsecond unit.
Proposal 6: For EN-DC, if a UE is configured with operation of uplink Tx switching:

· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Note: the location of any switching period still follows RAN4 agreements.

· A switching period is required in the following cases,

· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 

· For a NR UL transmission, the last UL transmission is a LTE transmission

· FFS: other cases pending on the down-selection between Option1 and Option2 below.

· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching

· Down selection on the following two options:

· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.

· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.

· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT

· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 

· No change to LTE operation.​
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