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1      Introduction
In [1], open issues are summarized for Tx switching between two uplink carriers from RAN1 perspective. As per the guidance of Chairman, following issues are identified for email discussion/approval during RAN1 #100 e-meeting:
· [100e-5.1LS-TxSwitching-01] Email approval of 38.214 CR as in R1-2000792 by 2/25 – Mihai (Nokia)

· [100e-5.1LS-TxSwitching-02] Email discussion/approval on remaining issues on PUSCH preparation procedure (e.g., length of additional time, judgement condition on increment of time, etc.) and conclude by 02/28; if there is a spec impact, followed up by endorsing the corresponding TP by 3/3 – Jianchi (CT)

· [100e-5.1LS-TxSwitching-03] Email discussion/approval on remaining issues on inter-band UL CA, including:

· The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, switching mechanism, UL phase, support of codebook/non-codebook based PUSCH transmission, etc.

· Clarification on handling of transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 for configured transmission.

and conclude by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Jianchi (CT)

· [100e-5.1LS-TxSwitching-04] Email discussion/approval on remaining issues on inter-band EN-DC without SUL, including

· The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, TDM pattern, switching mechanism, etc.

· Handling of transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR.

and conclude by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Jianchi (CT)

This is email discussion thread #3 to discuss remaining issues for inter-band UL CA. 
2      Discussion on remaining issues for inter-band UL CA
Issue #1: Clarification on handling of transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 for configured transmission.
In RAN1#99, the following agreement was achieved:
· For inter-band UL CA, UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.
In [5], it is proposed to take configured transmission, e.g., periodic transmission, PUSCH transmission with configured grant, into account.
Proposal: 
· The UE is not expected to be scheduled or configured 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.

Companies are invited to provide views on the above proposal.

	Companies
	Support or object
	Comments

	ZTE
	Support with wording change
	It is better to make change on the wording according to RAN1 spec since it is not clear how 2Tx transmission is captured in the RAN1 spec.
Also, it is not certain what “simultaneous” mean since it is also not possible to have back to back transmission even the transmissions are done in different symbols.  Therefore, we propose to change the wording as follows: 
The UE does not expect to be scheduled or configured with 2-port transmission on the 2-port uplink carrier and any transmission on the 1-port uplink carrier in an uplink duration. FFS on the definition of uplink duration.   


	OPPO
	Support
	

	CATT
	Support in principle
	The wording seems to preclude the case that 1Tx on carrier1 and 2Tx on carrier2 are configured simultaneously, but in TDM manner. We propose the following wording:
The UE is not expected to be scheduled or configured UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.



	Nokia
	Support in principle
	Agree with the CATT modification. Disagree with the ZTE argument though. The UE is supposed to be scheduled back-to-back, the gap is not go be guaranteed by scheduling, the UE will just omit transmitting during the gap.

	Huawei, HiSilicon
	Support in principle
	We prefer CATT’s revision, with a possible additional word “with” after “configured”. We don’t feel that ZTE’s proposal is in line with previous agreement because it does not allow UE to transmit one port signal with 2Tx.  

	Samsung
	Support in principle
	CATT’s proposal is preferred. 

	Qualcomm 
	Support 
	The collision is not only the case when 2Tx and 1Tx collides. It should also include the following: 

· Case 1 is indicated and 2Tx transmission is being scheduled or configured on carrier 2

· Case 2 is indicated, and any transmission is being scheduled or configured on carrier 1

Any of these scenarios should be considered an error case.

	MediaTek
	Support in principle
	The case that 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 are TDM within a slot should be precluded as well, i.e. the switching between two cases should happen at slot boundary. Therefore, we prefer the following text.
The UE is not expected to be scheduled or configured UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 or non-simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 within a slot.

	Ericsson
	Support with wording change
	We have same concern as CATT for the proposed text. We prefer the following alternate formulation -- The UE is not required to perform 2Tx transmission on carrier 2 simultaneously with a transmission on carrier1


	vivo
	Support 
	We think the same handling should be adopted for the duration of switching gap. 


Issue #2: The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, switching mechanism, UL phase, support of codebook/non-codebook based PUSCH transmission, etc.
Issue #2-1: Mapping between UL transmission ports and Tx chain
In RAN1 #99, following two options were extensively discussed. 
· Option 1: UE can only be scheduled UL transmission on carrier 1 for case 1
· UE is not expected to be scheduled on carrier 1 and on carrier 2 simultaneously.
· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


· Option 2: UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1
· Presence of switching depends on whether a transmission using two Tx is requested on the carrier supporting two Tx.
· When the carrier supporting two ports is TDD, no switching between consecutive UL slots (including UL part of mixed DL/UL slots) or within UL slots on that TDD carrier, guaranteed by network.

· There is no Tx diversity.

There are three alternatives based on companies’ contributions [2] - [12]:
· Alt.1: Option 1 is supported
· Alt.2: Option 2 is supported
· Alt.3: Both options are supported. UE can report which option is supported based on UE capability. 
Companies are invited to provide views on the above alternatives. 
	Companies
	Alt.1 (support or object)
	Alt.2 (support or object)
	Alt.3 (support or object)
	Comments

	ZTE
	OK
	OK
	Support Option 1 and Option 2 if Option 2 is Option 2-3 below
	Alt3 is a good compromise to support both option 1 and option 2.  It is also acceptable to us for either Alt1 or Alt2.

	OPPO
	Support
	
	
	For option 2, there are many issues needed to be address from RAN1 perspective. Here are some examples for codebook based and non-codebook based UL transmission
For codebook based UL transmission, RAN1 should support a SRS resource set with 1-port SRS resource(s) and 2-port SRS resource(s) is configured for codebook based PUSCH

· In case 1, 1-port SRS resource will be indicated by DCI for carrier 2
· In case 2, 2-port SRS resource will be indicated by DCI for carrier 2 
· No spatial relation information is configured      

· Up to 2 SRS resources can be configured in the SRS resource (same restriction as Rel-15)    

· The power control scheme is the same as Rel-15

· The power scaling factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource 

For non-codebook UL PUSCH: gNB will configure a SRS resource with multiple single-port SRS resources. If UE is working with Option 2 operations, gNB should indicate only 1 single-port SRS resource in Case 1. However, there is still another remaining issue: how does gNB know the mapping between 2 single-port SRS resource and the 2 Tx? If gNB doesn’t know that, gNB may indicate a SRS resource that is associated with the Tx used in carrier 1 and UE cannot transmit any UL data.

	CATT
	Support
	
	
	

	Nokia
	Object
	Support
	Object
	In our view the WI was specifically intended to have the uplink transmission based on scheduling. The RRC configuration based switching makes the whole feature pointless as then we can just the same configure the UE on the high bandwidth carrier only and not waste any resources on the narrower BW coverage carrier. When the high BW carrier is poor we would not be able to use UL MIMO anyway so the benefit is lost and we can configure the UE on the lower-band carrier only. Thus Alt1 is specifying something for the sake of specifying it, but the promised gains on being able to benefit from a wide bandwidth  2-layer transmission on the wide-band TDD carrier could just as well be exploited with inter-band handovers on need.

Oppo’s concerns are not related to UL switching. There is no proposal that is suggesting to change how uplink on the 2-port carrier would be different from how they are specified in Rel-15. If Rel-15 2-Tx implementation is unclear, then we have a problem, if they are not, we do not have a problem.

Alt 3 is the worst. RAN1 must break the habit of specifying all options in case of conflicting opinions. This does not lead to a useful standard. One set of UEs work on some networks and not in some other networks, while other set of UEs work on different networks.

On this bullet under option 2: “When the carrier supporting two ports is TDD, no switching between consecutive UL slots (including UL part of mixed DL/UL slots) or within UL slots on that TDD carrier, guaranteed by network”. As we agreed to make he determination on a per UL transmission occasion basis for SUL, limiting switching rate for other cases and deviating from what is agreed for SUL seems not useful.

	Huawei, HiSilicon
	Support
	
	
	As analysed in [11], there is an existing mechanism to support concurrent transmission by normal UL-CA operation and support operation mode switching between normal UL-CA and the new Option 1 mode by RRC reconfiguration. Option 2 is nothing but a dynamic mixed of two operations at a cost of big spec impacts. RAN1 spec impacts should be minimized according to WID. However, Option2 has big spec impacts compared to Option1. Furthermore, there is no concrete proposal to make Option2 feasible. Therefore, we feel Option1 + RRC reconfiguration between Option1 and UL-CA is sufficient.

	Samsung
	Support
	
	
	In Alt1, the switching period is clearly decided when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2 Tx carrier 2. Moreover, significant RAN1 spec impacts may be caused by Alt 2 compared to Alt 1, including below issues caused by supporting Alt 2, i.e., Issue#2-2~2-4. 

	Qualcomm
	Object 
	Support
	Might be considered
	Option 1 is against the Plenary agreement [RP-192251] : 

Case 1 

1 Tx on carrier 1 and 1 Tx on carrier 2

Case 2 

0 Tx on carrier 1 and 2 Tx on carrier 2 



	MediaTek
	Support
	Object
	Object
	Our understanding is that this is only for EN-DC & UL CA cases.

It should be clarified whether the switching is allowed to happen in the middle of a slot. Our preference is that the switching in the middle of a slot is not allowed.

	Ericsson
	Not Support
	Support
	Not Support
	The new mode should provide performance that is potentially better or at least as good as CA for all scenarios. For this to happen, dynamic fall-back to 1+1 is needed.  

	vivo
	Support
	
	Can be considered as a compromise
	Although alt1 is our 1st preference, we can consider alt 3 as a compromise. 


In RAN1 #100e, three sub-options are proposed for option 2.

Option 2-1

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P


Option 2-2

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Option 2-3

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Companies supporting option 2 are invited to provide views on the above three sub-options. 
	Companies
	Preferred sub-option
	Comments

	ZTE
	Option 2-3
	With Option 2-1, since 1-port UL transmission in carrier 2 is restricted to Case 1, the UL transmission in carrier 2 scheduled by DCI format 0_0 (i.e., 1-port UL transmission) and PUCCH transmission can only be arranged in Case 1, which is too restrictive for network implementation. Besides, Option 2-1 leads to some unnecessary switching between Case 1 and Case 2, which is detrimental to the system performance considering the switching period and potential interruption time. For example, if UE is in Case 2 (2 Tx chains are reserved for carrier 2) now and UE is scheduled with a 1-port UL transmission in carrier 2 for next occasion, UE has to switch to Case 1 to transmit the 1-port UL transmission in carrier 2. However, this switching is unnecessary since both the two Tx chains are reserved for carrier 2 now and the subsequent 1-port UL transmission in carrier 2 only requires one Tx chain for carrier 2. 

With Option 2-2, 1-port UL transmission in carrier 2 can happen in Case 2. The UL transmission in carrier 2 scheduled by DCI format 0_0 (i.e., 1-port UL transmission) and PUCCH transmission can be arranged in both Case 1 and Case 2, but in Case 1 it is restricted to happen simultaneously along with 1-port transmission in carrier 1. Besides, Option 2-1 leads to some unnecessary switching between Case 1 and Case 2, which is detrimental to the system performance considering the switching period and potential interruption time. For example, if UE is in Case 1 with 1P+1P (1 Tx chain for carrier 1 and 1 Tx chain for carrier 2) now and UE is scheduled with a 1-port UL transmission in carrier 2 for next occasion, UE has to switch to Case 2 to transmit the 1-port carrier 2 UL transmission. However, this switching is unnecessary since there is already 1 Tx chain reserved for carrier 2 now and the subsequent 1-port UL transmission in carrier 2 only requires one Tx chain for carrier 2. 
With the above analysis on Option 2-1 and Option 2-2, the following observation can be made.

Observation: Option 2-1 and Option 2-2 have the following two drawbacks
(1) Restrictions of network implementation on 1-port UL transmission, e.g., scheduled by DCI 0_0.

(2) Unnecessary switching between Case 1 and Case 2, which can lead to performance degradation.

To address the two drawbacks of Option 2-1 and Option 2-2 mentioned in the above observation, Option 2-3 should be adopted i.e. “0P+1P” is put in both Case 1 and Case 2. UE is not required to switch the case unless it has to, i.e., “0P+1P” is not used to trigger any case change. With this enhanced option, 1-port UL transmission scheduled by DCI 0_0 can be arranged in both Case 1 and Case 2, which is beneficial to network implementation with no (or little) additional UE implementation complexity.

	CATT
	2-1
	For option 2-2, 1P on carrier2 can be transmitted with either Case 2 or Case 1. When scheduled with a 1P transmission on carrier2, UE does not know whether to transmit with Case 2 or Case 1 without knowing the scheduling information for carrier 1. This dependency among different carriers is not desirable. 
Option 2-2 has the same issue as option 2-2. 

	Nokia
	2-3
	2-3 has been our underlying assumption, but not entirely clear if this is a decision RAN1 can make in isolation.

	Qualcomm 
	Option 2-1; Option 2-3
	Firstly, we think 0P + 0P should also be included into the option(s). for option 2-1 0P+0P should be in Case 1. For option 2-3, 0P+0P should be in both Case 1 and Case 2.

We listed two options in our contribution which are memory based and memoryless.

For option 2-3 a “memory” based mapping from UL transmission to Tx chain state/case is introduced. That is, the future UL transmission “0P+1P” can be mapped to either case 1 or case 2 depends on the current Tx chain state is in case 1 or case 2. If the current Tx chain state is in case 1, a later UL transmission “0P+1P” is mapped to case 1. If the current Tx chain state is in case 2, a later transmission “0P+1P” is mapped to case 2. 

Following the same principle of option 2-3, the idle transmission “0P+0P” can be mapped to either case 1 or case 2, depends on the current Tx chain state is in case 1 or case 2. For example, if current UL transmission puts the Tx chain state in case 1, when the transmission is done, until received new grant triggers UE to change Tx chain state, UE stays in case 1. 
Option 2-1 is very simple, it always maps “0P+1P” and “0P+0P” to case 1. The switching decision should only depend on the events in CC2 (TDD) with the following decision rule:

· For any time period that overlaps with CC2 (TDD) UL: 

· If 2 Tx in CC2 (TDD) is requested for any part of the observation period (as defined in Proposal 10) ( Case 2

· Otherwise ( Case 1

· For any time period that doesn’t overlap with CC2 (TDD) UL (i.e. CC1 (FDD) only) 

· Always ( Case 1

· In other words, at the end of a TDD UL period, always switch to Case 1, irrespective of history and irrespective of what grants may have been received 
The finalize the option, the following definition is needed to differentiate 2 ports and 1 port Tx.

· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=[image: image2.png]


, PUSCH with TPMI=[image: image4.png]


, 2-port SRS, 2-port configured grant PUSCH

· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=[image: image6.png]


, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH

Regarding whether option 2-1 or option 2-3 should be adopted in RAN1, it should depend on whether UL switch has impact on DL transmission (on the FDD DL carrier and/or on the TDD carrier), which is a study performing by RAN4 and the outcome is unknow at this stage. If the DL transmission (on the FDD DL carrier and/or on the TDD carrier) is impacted by the UL switch, then option 2-3 should be adopted because option 2-3 reduced the number of UL switches between case 1 and case 2. Hence it minimizes impact to DL transmission. However, if DL transmission is not impacted by UL switch, then option 2b can be adopted, because it simplifies UL implementation at UE and it is more robust to state transition error. 

Another solution is to allow both option 2-1 and 2-3 in RAN1 specification as two operation modes. Based on UE’s architecture and Tx/Rx chain implementation, UL switch may have impact to DL transmission at UE A. However, on a different UE B, UL switch may have no impact to DL transmission at UE B, because UE A and UE B are build based on different implementations. Therefore, UE should report its capability on UL switch. Based on UE capability signalling, NW can use RRC signalling to configure UE operate in a certain mode, i.e., option 2-1 or 2-3. The UE capability signalling information could include whether the UE can support option 2-1, 2-3, or both, or none of them.  

 

	Vivo
	Option 2-1
	Option 2-1 for simplicity. 


Issue #2-2: UL phase/UL transmission period for option 2
For option 2, UL phase/UL transmission period needs to be defined.
Proposal:

· Definition of UL phase: An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission. The state of Tx chains is not changed during the UL phase.
Companies are invited to provide views on the above proposal on the definition of UL phase.

	Companies
	Support or object
	Comments

	ZTE
	Support
	Definition of UL phase would help to make sure UE and gNB have consistent understanding on the location of potential switching period. e.g. if the switching period is located at the two ends of UL phase, whether it is outside or inside the uplink phase depending on whether the location is configured in the 1-port carrier or 2-port carrier. 
The following wording should be changed to the wording which can be captured in the spec. “The state of Tx chains is not changed during the UL phase”, e.g.  “UE is not expected to have case change during the UL phase”.  

	OPPO
	
	Failed to see the motivation of define a UL phase specifically for Option 2

	Nokia
	Open for discussion
	Notably this question is independent of option 1 and option 2. The rate at which the switching gap may occur does not relate to option 1 or option 2, but the question needs to be answered for both cases and should be the same.

In RAN1#98bis we proposed that the determination is made for each transmission occasion. Based on some feedback we perhaps mistakenly thought that this is too demanding for the UE and suggested a more relaxed determination. However, based on the agreements made on SUL, it would seem like the UE implementations are able to accept the case1-case2 switching determination for each transmission occasion. From the network perspective this is the best mode of operation and thus would be most preferred option. See our comment on issue #2-1 as well.

	Qualcomm
	Support
	To simplify the specification effort, we would like to propose only allowing one switch for a consecutive UL transmission period of CC2 (TDD). The UL transmission here includes UL symbols of special slot and following UL slots.

	vivo
	Can be considered
	We think it can be beneficial to simplify the operation and avoid unnecessary switching. 


Issue #2-3: Switching mechanism for option 2
Following two options are proposed for switching mechanism for option 2 [10]

 REF _Ref33372680 \r \h 
 \* MERGEFORMAT [12]:
· Option 1: Memory based solution

The state of Tx chains of last UL transmission is assumed for the time in case of no UL transmission.

· Option 2: Memory-less solution

Case 1, i.e., 1 Tx on carrier 1 and 1 Tx on carrier 2, is always assumed for the time in case of no UL transmission.

Companies are invited to provide views on the above two options. 
	Companies
	Preferred option
	Comments

	ZTE
	Option 1 (Preferred)
Option 2 (acceptable)
	This option has the benefit of avoiding unnecessary switching period when the switching period is configured in the 2-port carrier or when there is any potential DL interruption.  Although this has slight complexity increase, it can be understood that SUL scheme also is based on memory based. It is preferable to align to have memory based scheme for CA as well.  However, it is also acceptable to us if majority prefers memory-less solution which only requires UE to return to default Case1 after a Case2 UL phase (instead of every transmission). 

	OPPO
	Option 1
	To reduce the unnecessary switching of Tx chains

	CATT
	Option1
	It depends on the length of time period without UL transmission. If the period is short, it is better for UE to stay in previous state to avoid unnecessary switching. 

	Nokia
	Option 1 preferred
Option 2 acceptable
	

	Qualcomm
	Option 1, Option 2
	Regarding whether option 2-1 or option 2-3 should be adopted in RAN1, it should depend on whether UL switch has impact on DL transmission (on the FDD DL carrier and/or on the TDD carrier), which is a study performing by RAN4 and the outcome is unknow at this stage. If the DL transmission (on the FDD DL carrier and/or on the TDD carrier) is impacted by the UL switch, then option 2-3 should be adopted because option 2-3 reduced the number of UL switches between case 1 and case 2. Hence it minimizes impact to DL transmission. However, if DL transmission is not impacted by UL switch, then option 2b can be adopted, because it simplifies UL implementation at UE and it is more robust to state transition error. 

Another solution is to allow both option 2-1 and 2-3 in RAN1 specification as two operation modes. Based on UE’s architecture and Tx/Rx chain implementation, UL switch may have impact to DL transmission at UE A. However, on a different UE B, UL switch may have no impact to DL transmission at UE B, because UE A and UE B are build based on different implementations. Therefore, UE should report its capability on UL switch. Based on UE capability signalling, NW can use RRC signalling to configure UE operate in a certain mode, i.e., option 2-1 or 2-3. The UE capability signalling information could include whether the UE can support option 2-1, 2-3, or both, or none of them.  



	vivo
	Slightly prefer option 1
	


Issue #2-4: Support of codebook based PUSCH transmission for option 2
Following two options are proposed to support codebook based PUSCH transmission for option 2 [9]

 REF _Ref33372678 \r \h 
 \* MERGEFORMAT [10]

 REF _Ref33372680 \r \h 
 \* MERGEFORMAT [12]:
· Option 1: DCI Format 0_1 can be used to indicate 1-port UL transmission on carrier 2 when 2-port SRS is configured for codebook-based transmission. 
· PUSCH transmission with TPMI=[image: image7.png]L[]



 is considered as 1 port transmission. 
· PUSCH transmission with all other TPMI, e.g., TPMI=[image: image8.png]=1



 and TPMI=considered as 2 ports transmission.
[image: image10.png]=N



, are 
· Option 2: gNB configures 2 SRS resources, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2.
Companies are invited to provide views on the above two options. 
	Companies
	Preferred option
	Comments

	ZTE
	Option 1
	The common benefit of these two options is to allow 1-port transmission scheduled using DCI Format 0_1. Otherwise, it is too restrictive if we cannot use DCI Format 0_1 to schedule 1-port transmission in Case 1 in carrier 2 given that DCI Format 0_1 also provides other functionalities (e.g. SRS/CSI request, TPC command, dynamic BWP switching, etc.) that DCI Format 0_0 cannot support.  Option 1 is simpler in terms of spec impact and UE complexity.  

	OPPO
	Option 2
	Option 1 forces a specific mapping between the antenna port and the Tx chain, which is not aligned with the RAN1 principle. 

	CATT
	
	It depends on which suboption of option2 is selected. If option 2-1 is selected, PUSCH transmission with any indicated TPMI shall be considered as 2-port transmission if 2-port SRS resource is configured. 

	Nokia
	
	Don’t quite understand why there is a need to discuss about SRS configurations. As far as we have understood, no one is suggesting modifying the Rel-15 SRS configuration options.
There maybe a need to define one or both {[0 1], [1, 0]} as 2-port transmissions from the switching perspective for the UE not to need to switch the Tx chains on the other carrier based on what TPMI is scheduled on the 2-port carrier.

	Qualcomm
	Option 1
	· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=[image: image13.png]


, PUSCH with TPMI=[image: image15.png]


, 2-port SRS, 2-port configured grant PUSCH

· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=[image: image17.png]


, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH

	Ericsson
	
	Option 1 of Issue #2-4 does not seem appropriate. We should not redefine what single port transmission means.

Option 2 of Issue #2-4 is OK if it is optional.  It is in our understanding Rel-16 eMIMO UL full power Mode 2, and so the UE should be able to transmit at its rated power class when transmitting according to SRI indicating either a 1 or 2 port SRS resource.  Furthermore, if Rel-16 eMIMO UL full power operation not supported, when the UE is configured for 1 SRS port with UL Tx switching option 2, the UE should be able to transmit at its rated power class.

	vivo
	
	Agree with CATT that this should be discussed after down-selection among option 2-1, 2-2, 2-3


Issue #2-5: Support of non-codebook based PUSCH transmission for option 2
In [9], it is proposed that non-codebook based PUSCH transmission is not supported for option 2. 

Companies are invited to provide views on whether non-codebook based PUSCH transmission can be supported for option 2.
	Companies
	Support or not
	Comments

	ZTE
	 Not support
	Extra effort may be needed to clarify how non-codebook transmission is mapped to 1Tx or 2Tx transmission.  If extra effort is needed, it’s okay not to support it.  

	OPPO
	Not support
	

	CATT
	Not support
	

	Nokia
	Support
	We don’t quite understand how a feature that is motivated with MIMO gains is ignoring non-CB MIMO. Rel-15 introduced non-CB MIMO for a reason and new features that are supposed to benefit from UL MIMO gains should work with non-CB MIMO. The same should apply with any option.

	Qualcomm
	Not support
	

	Ericsson
	Support
	There is no fundamental difference between non-codebook based operation and codebook based operation with respect to UL Tx switching.  Non-codebook based operation should be able to be configured with UL Tx switching if the UE supports both UL Tx switching and non-codebook based MIMO.  More importantly, if the UE does not support codebook based or non-codebook based UL MIMO, it should be able to transmit at its power class.

	vivo
	Not support
	Agree with ZTE


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

	
	

	
	

	
	


3      Proposals
Based on the inputs, proposals are summarized as follows:

Proposal 1:

· For inter-band UL CA, make down-selection on the following two options in RAN1#100bis:

· Option 1: UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 

· Semi-static switching between uplink Tx switching mode and normal UL CA operation is supported by RRC reconfiguration.

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


· Option 2: UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.

· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2

· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, [0P+1P]

	Case 2
	0T+2T
	0P+2P, [0P+1P]


· If no consensus on the down-selection in RAN1#100bis, both options are supported, UE can report which option is supported based on UE capability.

Proposal 2:
· For inter-band UL CA, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.

Proposal 3:

· For inter-band UL CA, for option 2, make down-selection on the following two sub-options in RAN1#100bis:

Option 2-1

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P


Option 2-3

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Proposal 4:
· For inter-band UL CA, for option 2, an UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission. The state of Tx chains is not changed during the UL phase.

Proposal 5:

· For inter-band UL CA, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.

Proposal 6:
	Case 1
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2
	0 Tx on carrier 1 and 2 Tx on carrier 2


· For inter-band UL CA, if UL switching period is configured by RRC
· ​The switching period is not always applicable on the carrier configured with switching period.

· ​The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.  

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

After further discussion, proposals are revised as follows:

Proposal 1:

· For inter-band UL CA, make down-selection on the following two options in RAN1#100bis:

· Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 

· Semi-static switching between uplink Tx switching mode and normal UL CA operation is supported by RRC reconfiguration.

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


· Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.

· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2

· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, [0P+1P]

	Case 2
	0T+2T
	0P+2P, [0P+1P]


· If no consensus on the down-selection in RAN1#100bis, both options are supported, UE can report which option is supported based on UE capability. UE can report via capability signaling which Option (between Option 1 and Option 2) is supported for the case when uplink Tx switching is configured.
Revised based on the comments

Proposal 2:

· For inter-band UL CA, 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 carrier 1 and 2Tx transmission on carrier 2.

No concerns, some wording update.

Proposal 3:

Working assumption:

· For inter-band UL CA, for if option 2 is supported, the following sub-option 2-3 is supported defined. 
· Minimize RAN1 impact 

· No new RAN4 impact

· No new TDM pattern
· It can be revisited in RAN1#100bis future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
Option 2-3

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Revised based on the comments

Proposal 4:

· For inter-band UL CA, for if option 2 is supported, an UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission. The state of Tx chains is not changed during the UL phase.

Huawei and MTK have concerns.

Proposal 5:

Incorporated into Proposal 2 in the email thread [100e-5.1LS-TxSwitching-02].
Proposal 6:
Based on the comments, Proposal 6 is separated into 2 sub-proposals:

Proposal 6-1:
	Case 1
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2
	0 Tx on carrier 1 and 2 Tx on carrier 2


· For inter-band UL CA, if UL switching period is configured by RRC

· ​The switching period is not always applicable on the carrier configured with switching period.

· ​The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.  

No concerns.
Proposal 6-2:
· 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.

· FFS: UE behavior when the whether to handle the case when switching period cannot be ensured by gNB.
Propose 6-2 is revised based on the comments.
4      Agreements

In RAN1 #100 e-meeting, following agreements have been achieved:
Agreements:

· For inter-band UL CA, 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 carrier 1 and 2Tx transmission on carrier 2.

Working Assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined. 

· Minimize RAN1 impact 

· No new RAN4 impact

· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
Option 2-3

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Agreements:

	Case 1
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2
	0 Tx on carrier 1 and 2 Tx on carrier 2


· For inter-band UL CA, if UL switching period is configured by RRC

· ​The switching period is not always applicable on the carrier configured with switching period.

· ​The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.  

Agreements:

· 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.
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6      Appendix
	Companies
	Views

	vivo (R1-2000302)
	Proposal 4: In option 2, during the consecutive UL slots in carrier 2, UE switches to case 2 when it starts transmission with two ports scheduled by network and UE is not expected to be scheduled with single port transmission and no switching back to case 1 afterwards until the end of the consecutive UL slots.
Proposal 5: Consider supporting both option 1 and option 2 as UE capability. 

	ZTE (R1-2000354/R1-2001132)
	Observation 1: Option 2-1 and Option 2-2 have the following two drawbacks

(1) Restrictions of network implementation on 1-port UL transmission, e.g., scheduled by DCI 0_0.

(2) Unnecessary switching between Case 1 and Case 2, which can lead to performance degradation.

Proposal 1: Support the enhanced Option 2 as below.

Number of Tx chains in WID (carrier 1 + carrier 2)

Number of antenna ports for UL transmission (carrier 1 + carrier 2)

Case 1
1T+1T
1P+0P, 1P+1P, 0P+1P
Case 2
0T+2T
0P+2P, 0P+1P
Proposal 2: To support Tx switching between two uplink carriers for inter-band CA:
Presence of switching depends on whether a transmission using two ports is requested on the carrier supporting two Tx or whether there is UL transmission in 1Tx carrier.
An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission.
UE is expected to stay in the same case unless change of case is detected before the switching period.
· If the current state is case 1 and 2 port transmission including PUSCH and SRS is expected to happen in the UL phase after the switching period, then switch to case 2.
· FFS between the following Alt-1 and Alt-2: 
· Alt-1: If the current state is case 2 and transmission of the 1Tx carrier is expected to happen in the UL phase after the switching period, then switch to case 1
· Alt-2: UE always switches back to case 1 after the UL phase.
No case change is allowed within an UL phase.

For codebook-based UL transmission, PUSCH transmission based on TPMI [image: image18.png]


 is considered as 1 port transmission. All other TPMIs in 2Tx codebook are considered as 2 ports transmission.

· The condition of the presence of the switching period is captured in RAN1. There is no RAN4 impact.

	CATT (R1-2000515)
	Proposal 1:

· For inter-band UL CA, UE can only be scheduled UL transmission on carrier 1 for Case 1. The switching period only exists when the scheduled UL transmissions are switched between carrier 1 and carrier 2.

	Nokia, Nokia Shanghai Bell (R1-2000552)
	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 (as 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 each UL transmission occasion on a carrier, the existence of the switching period is determined one time every transmission occasion, as already defined for SUL.

· Inter-band UL CA: already agreed as “UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.” The agreement is slightly lacking, as does not cover transmissions that are not scheduled.

· Configured transmissions (periodic/aperiodic SRS/CSI-RS, configured grant PUSCH) should be seen similar to scheduled transmissions.

· HARQ-ACK on PUCCH should be understood as scheduled transmissions.

· RACH occasions may need to be able to take presendence over the 1Tx/2Tx operation and pre-empt the 2Tx transmissions and should be covered by a specific clause.

Proposal: The UE is not expected to be scheduled or configured 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously. This applies to all PUSCH and PUCCH transmissions.

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

	China Telecom (R1-2000597)
	· Option 1: UE can only be scheduled UL transmission on carrier 1 for case 1

· Option 2: UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1

Proposal 2: Make decision on whether both two options can be supported for inter-band UL CA. If only one option is supported, make decision on which option is supported in RAN1 #100.

	Ericsson (R1-2000883)
	We make the following observations based on the above tables

1. Large switching time (e.g. 140us or larger), significantly impacts performance of UL tx switching and any gains for UL tx switching are observable only for the case of 35us switching time.

2. For the case of 35us switching time, gain from UL Tx switching is mainly for cases where large BW (e.g. 80MHz/100MHz) is available for TDD and channel conditions are excellent (i.e., 0.4-3% gain for median UE with 80/100MHz TDD BW and 2-10% gain for 95%le UE with 60-100MHz TDD BW)

3. When channel conditions are not excellent (e.g. not a 95% UE), or when enough bandwidth is not available on TDD leg (e.g. not >60MHz), scheduling 1layerFDD+1layerTDD is better than scheduling 0FDD+2layerTDD. 

a. Option 1 does not provide this fallback of scheduling 1layerFDD+1layerTDD. Given this, configuring UL tx switching with Option 1 results in UE/NW performance degradation compared to Rel15 CA with 2Tx

b. Option 2 provides the fallback of scheduling 1layerFDD+1layerTDD. So, configuring UL tx switching with Option 2 will give at least same performance as Rel15 CA with 2Tx, and when feasible (e.g. 35us switching time, >=60MHz TDD BW, 95%le UE) it can give some benefit (2-10%) over CA with 2Tx.

Proposal 2

· Adopt Option 2 – “UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1 simultaneously” for defining the condition and presence of switching periods for UL tx switching with CA case.



	OPPO (R1-2000940)
	Proposal 2: For case 1, our first preference is to support Option 1 (UE can only be scheduled UL transmission on carrier 1)

· As a compromise, we can accept to support Option  2  as an optional feature for a UE supporting Option 1
Proposal 3: In order to support Option 2, RAN1 should support a SRS resource set with 1-port SRS resource(s) and 2-port SRS resource(s) is configured for codebook based PUSCH

· In case 1, 1-port SRS resource will be indicated by DCI for carrier 2
· In case 2, 2-port SRS resource will be indicated by DCI for carrier 2 
· No spatial relation information is configured      

· Up to 2 SRS resources can be configured in the SRS resource (same restriction as Rel-15)    

· The power control scheme is the same as Rel-15

· The power scaling factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource 

Proposal 4: In Rel-16, a UE is not expected to be configured with Option 2 and non-codebook based PUSCH simultaneously. 

	Qualcomm (R1-2000949)
	Proposal 1: Option 2a determines the mapping between the UL transmission to Tx chain state/case based on the following table.

Option 2a: Mapping between UL transmissions to Tx chain state/case

Number of Tx chains in WID (carrier 1 + carrier 2)

Number of antenna ports for UL transmission (carrier 1 + carrier 2)

Case 1
1T+1T
1P+0P, 1P+1P, 0P+1P, 0P+0P
Case 2
0T+2T
0P+2P, 0P+1P, 0P+0P
Proposal 2: In option 2a, the mapping between a later UL transmission “0P+1P” and “0P+0P” to which Tx chain state/case is based on current Tx chain state/case.
Proposal 3: Option 2b determines the mapping between the UL transmission to Tx chain state/case based on the following table.

Option 2b: Mapping between UL transmissions to Tx chain state/case

Number of Tx chains in WID (carrier 1 + carrier 2)

Number of antenna ports for UL transmission (carrier 1 + carrier 2)

Case 1
1T+1T
1P+0P, 1P+1P, 0P+1P, 0P+0P
Case 2
0T+2T
0P+2P
Proposal 4: In option 2b, 

· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=[image: image20.png]=1



, PUSCH with TPMI=[image: image22.png]=1



, 2-port SRS, 2-port configured grant PUSCH

· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=[image: image24.png]L[]



, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH
Proposal 5: In option 2b, the switching decision should only depend on the events in CC2 (TDD) with the following decision rule:

· For any time period that overlaps with CC2 (TDD) UL: 

· If 2 Tx in CC2 (TDD) is requested for any part of the observation period (as defined in Proposal 10) ( Case 2

· Otherwise ( Case 1

· For any time period that doesn’t overlap with CC2 (TDD) UL (i.e. CC1 (FDD) only) 

· Always ( Case 1

· In other words, at the end of a TDD UL period, always switch to Case 1, irrespective of history and irrespective of what grants may have been received 
Proposal 6: Depends on RAN4 requirements, either option 2a or 2b is adopted for UL switch in RAN1.

Proposal 7: To simplify the specification discussion, we make the following proposal on timeline. 

· Only allowing one switch for consecutive UL transmission of CC2 

· Allowed switch boundaries are the start and the end of UL slot in CC2 

Proposal 8: For placement of transient time

· Relative placement of transient is RRC configured

· Placing transient always in CC1 (FDD) should be default

· Gap is created by gNB scheduling, the occurrence of a requested transmission in a gap is an error case
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