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1      Introduction
In RAN #89 e-meeting, a new Rel-17 WID of “RF requirements enhancement for NR frequency range 1 (FR1)” [1] was approved and was revised in RAN #91 e-meeting [2], including following objectives.

· Specify UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· Specify UE requirements to enable Tx switching between cases

· The scenarios include

· For Tx switching based on SUL band combination, or uplink CA band combination 

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

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination

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

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify the following RAN4 requirements for above scenarios

· Length of switching period

· Time mask RF requirements

· Uplink interruption and downlink interruption (RRM) requirements, if needed

· Minimize the impacts on RAN1

· Update RAN1 uplink switching for carrier aggregation and supplementary uplink 

· Minimize the impacts on RAN2

· Update the RRC signaling to indicate the switching period location and length

· Update the UE capabilities

· Specify UE requirements to enable Tx switching between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band

· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination

	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and

	 
	Number of Tx chains in WID (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination

	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify the following RAN4 requirements for above scenarios

· Length of switching period

· Time mask RF requirements

· Uplink interruption and downlink interruption (RRM) requirements, if needed

· Minimize the impacts on RAN1

· Update RAN1 uplink switching for carrier aggregation and supplementary uplink

· Minimize the impacts on RAN2

· Update the RRC signaling to indicate the switching period location and length

· Update the UE capabilities

Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.

Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.

Note 3:  The UE is configured with two different uplink carrier frequencies.

An LS was sent by RAN4 [3]. This contribution is a summary of the following email discussion:

[104b-e-NR-R17-TxSwitching-01] Email discussion/approval for RAN1 aspects for RF requirements for NR frequency range 1 (FR1) – Jianchi (China Telecom)
· 1st check point: 4/15

· 2nd check point: 4/19

· Last check point: 4/20
2      Email discussion (1st round)
2.1     2Tx-2Tx switching between two uplink carriers

2.1.1 Mapping between UL transmission ports and Tx chain

For Rel-16 1Tx-2Tx switching, the mapping between UL transmission ports and Tx chain for SUL is defined in the following table. 

	
	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 


For Rel-16 1Tx-2Tx switching, two options are supported for UL CA. UE can report via capability signaling which option (between Option 1 and Option 2) is supported.
· Option 1: UE cannot be scheduled or configured with UL transmission on both carriers simultaneously.

· Option 2: UE can be scheduled or configured with UL transmission on both carriers simultaneously.

For UL CA Option 1, the mapping between UL transmission ports and Tx chain is the same as SUL. For UL CA Option 2, the mapping between UL transmission ports and Tx chain for UL CA is defined in the following table.
	
	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


Many companies (R1-2102484, R1-2102583, R1-2102860, R1-2102876, R1-2102931, R1-2103138, R1-2103387) proposed the mapping between UL transmission ports and Tx chain for Rel-16 1Tx-2Tx switching can be extended to support Rel-17 2Tx-2Tx switching. 

Proposal 1: 
· For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.

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

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

	Case 3
	2T+0T
	2P+0P, 1P+0P


Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We are fine with FL proposal

	Qualcomm
	We are supportive with FL proposal

	
	


Proposal 2: 
· For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.

	
	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 

	Case 3
	2T+0T
	2P+0P, 1P+0P


Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We are fine with FL proposal

	Qualcomm
	We are supportive with FL proposal

	
	


2.1.2 Switching mechanism
For Rel-16 1Tx-2Tx switching between two uplink carriers, the following agreements have been achieved for SUL. 
Agreements:

· For standalone SUL, 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 only applicable when the UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

For Rel-16 1Tx-2Tx switching between two uplink carriers, the following agreements have been achieved for UL CA. 
Agreements:
· For inter-band UL CA, if uplink Tx switching is configured: 

· ​For option 1 of mapping between UL transmission ports and Tx chain, the switching period is only applicable when the UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.

· For option 2 of mapping between UL transmission ports and Tx chain

· The switching period is only applicable in the following cases:

· If the current state of Tx chains is 1 Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on carrier 2.

· If the current state of Tx chains is 0 Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port transmission on carrier 1.

· For other cases, the state of Tx chains of last UL transmission is assumed. 

· Note: No spec change to power configuration and power control.
R1-2102365, R1-2102583, R1-2102860, R1-2102931 proposed the basic principle can be extended to Rel-17 2Tx-2Tx switching.

Proposal 3:
· For standalone SUL, if 2Tx-2Tx UL Tx switching between two uplink carriers is configured,
· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the UL transmissions are switched between carrier 1 and carrier 2.

Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We are fine with FL proposal.

	Qualcomm
	We are in principle ok with the proposal although the two sub-bullets seem to be redundant. Would suggest deleting the sub-bullet: “The switching period is not always applicable on the carrier configured with switching period.”

	
	


Proposal 4: 

· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers is configured: 

· For option 1 of mapping between UL transmission ports and Tx chain, 

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

· The switching period is only applicable when the UL transmissions are switched between carrier 1 and carrier 2.

Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We are fine with FL proposal.

	Qualcomm
	We are in principle ok with the proposal although the two sub-bullets seem to be redundant. Would suggest deleting the sub-bullet: “The switching period is not always applicable on the carrier configured with switching period.” 

	
	


Proposal 5: 
· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers is configured: 

· For option 2 of mapping between UL transmission ports and Tx chain

· The switching period is only applicable in the following cases:

· If the current state of Tx chains is 1Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.

· If the current state of Tx chains is 0Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 1.

· If the current state of Tx chains is 2Tx on carrier 1 and 0Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 2.

· For other cases, the state of Tx chains of last UL transmission is assumed.

Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We are fine with FL proposal. 

	Qualcomm
	We are in principle ok with the proposal. 

	
	


The state of Tx chains after Tx switching may not be unique in some cases. For instance, if the current state of Tx chains is 0T+2T and the next UL transmission is 1-port transmission on carrier 1, since 1P+0P can be mapped to either 1T+1T or 2T+0T, then what’s the state of Tx chains after Tx switching? Another example, if the current state of Tx chains is 2T+0T and the next UL transmission is 1-port transmission on carrier 2, since 0P+1P can be mapped to either 1T+1T or 0T+2T, then what’s the state of Tx chains after Tx switching? This issue can be solved by one of the following methods.

· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.

· Alt 2: The state of Tx chains after Tx switching is indicated by Network.

· Alt 3: The state of Tx chains after Tx switching is determined by UE.
Proposal 6: 
· Down select on the following alternatives to address the issue that the state of Tx chains after Tx switching may not be unique.

· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.

· Alt 2: The state of Tx chains after Tx switching is indicated by Network.

· Alt 3: The state of Tx chains after Tx switching is determined by UE.
Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We prefer Alt.1 for the case that the state of Tx chains after Tx switching may not be unique so as to ensure the same understanding on the state of Tx chains after Tx switching.

	Qualcomm
	Thanks for China Telecom to bring up this issue. 

In R16, we define the state switching in the spec without explicit switching signalling. The RAN1 consensus is to implicitly inform UE to switch the UL Tx by network scheduling and configuration.  

Before we make the selection of above alternatives, we want to better understand whether we could still use the same approach – “implicit switching” in R17. If the implicit switching is still workable, it would not introduce new signalling. The current signalling architecture could be maintained, and the standard efforts would be largely reduced.

	
	


2.2     Uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B

2.2.1 Clarification on RF chain allocation for band B with two intra-band contiguous carriers

R1-2102876 proposed to clarify the PA bandwidth and RF chain allocation for band B with two intra-band contiguous carriers.
1) Whether UL switching period and transient period are still needed for the switching between 2 intra-band continuous carriers in band B. Considering UE PA bandwidth is most likely limited to 100M in FR1, it seems UL switching period and transient period are still needed for the switching between 2 intra-band continuous carriers. Further clarification from RAN4 may be needed.

2) Whether simultaneous transmission between 2 intra-band carriers need to be considered. Considering the coverage capability in carrier 2 and carrier 3 are similar, when 1 of the 2 carriers is picked for transmission, it can be assumed that 2 Tx chains should be all switched to it. That is to say, there is no 1P + 1P in band B. 

Companies are encouraged to provide views on the above issues.

	Company
	Views

	CATT
	For 1), we need send LS to RAN4 for clarification on whether UL switching period and transient period are needed for the switching between 2 intra-band continuous carriers or not.
For 2), in our understanding, in order to support simultaneous transmission between 2 intra-band carriers, 1P + 1P in band B should be considered.

	Qualcomm
	Thank CMCC to bring up this discussion.

We believe that the “UE PA bandwidth” is the same as the band itself, if so, switching is not needed because of the PA. 

For 1) we don’t think there is a need for switching. An intra-band CA capable UE is expected to support simultaneous transmission. 

For 2) we don’t quite understand the motivation to make the limitation to exclude 1P + 1P. Maybe the proponent can explain more. 



	
	


2.2.2 Clarification on Tx switching between case 1 and case 3 for UL CA option 1 and SUL
R1-2103138 proposed to clarify whether Tx switching between case 1 and case 3 for UL CA option 1 and SUL is included in WID

	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 3
	2T+0T


Companies are encouraged to provide views on the above issue.

	Company
	Views

	CATT
	In our understanding, if the current state of Tx chains is 2TX in Band B and the next UL transmission has a 1-port transmission on Band A, there are two solutions for Tx switching. Solution1 is that UE can execute Tx switching from 0T+2T to 1T+1T. Solution2 is that UE can execute Tx switching from 0T+2T to 2T+0T. If solution 1 is adopted, UE needs still another switching period to execute Tx switching from case1 to case 3 when the subsequent UL transmission has a 2-port transmission on carrier 1. If solution 2 is selected, UE does not need to execute Tx switching and UL transmission is not interrupted when the subsequent UL transmission has a 2-port transmission on carrier 1. 
So we need clarify the motivation of Tx switching between case 1 and case 3 for UL CA option 1 and SUL.

	Qualcomm 
	Our understanding is intra band CA of one band is the natural extension of single CC for each band. In this sense, switching between case 1 and case 3 for UL CA option 1 and SUL should be in the scope.

Some companies’ view might be that switching of case 1 and case 2 (0T+2T) already cover this case, but our understanding that they are different. The difference is Case 2 (0T+2T) is 0P + yP + zP where y, z = (0, 1, 2) and Case 3 is xP + 0P + 0P where x = (0, 1, 2). Before we get necessary consensus, it will be good to assume these two cases might be with different standard impact.  



	
	


2.2.3 Mapping between UL transmission ports and Tx chain

This issue depends on the outcome of section 2.1.1, section 2.2.1 and section 2.2.2.
2.2.4 Switching mechanism
This issue depends on the outcome of section 2.1.2, section 2.2.1 and section 2.2.2.
2.3     Preparation time

R1-2103387 mentioned the increased number of Tx involved in switching may require different UE implementation from the switching in Rel-16, which may require different switching time by the same UE, it is expected to allow a UE to report different switching time for 2Tx-2Tx switching from that for 1Tx-2Tx switching in the same band pair. 

Proposal: 
· For UL Tx switching in a band pair of a band combination, the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.

Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We need clarify why 2Tx-2Tx switching time can be different from that for 1Tx-2Tx switching.

	Qualcomm
	Thanks to bring up this discussion. 

We think the above statement “increased number of Tx involved in switching may require different UE implementation from the switching in Rel-16, which may require different switching time by the same UE” is not a RAN1 issue. In RAN4 LS (R4-2103234) below, we could not find or derive the observation. If the proponent does see the issue, we would suggest discussing and reach consensus in RAN4 on the highlighted motivation before we make further discussion in RAN1.

	
	


R1-2103387 proposed to differentiate 1Tx-2Tx from 2Tx-2Tx UL Tx switching.
Proposal: 
· For a UE configured with UL Tx switching via uplinkTxSwitching, the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources is used to determine the operation mode, i.e. either 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.

· 2Tx-2Tx switching mode: when the maximum number is 2 for both uplinks configured with uplinkTxSwitching
· 1Tx-2Tx switching mode: when the maximum number is 1 for any one uplink configured with uplinkTxSwitching
· the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode
· If the switching time capability value for 1Tx-2Tx switching mode is not reported by the UE, the value reported for 2Tx-2Tx switching mode is applied.

Companies are encouraged to provide views on the above proposal.

	Company
	Views

	CATT
	We need clarify why 2Tx-2Tx switching time can be different from that for 1Tx-2Tx switching.

	Qualcomm
	Similar as above comments, we think differentiate “1Tx-2Tx switching mode or 2Tx-2Tx switching mode” would be not a RAN1 issue if the difference is on the switching time by the same UE. We would suggest discussing and reach consensus in RAN4 on this before we make further discussion in RAN1.

	
	


2.4     1-port transmission via DCI format 0_1 for UL CA option 2

This issue was intensively discussed in Rel-16. Many compromised proposals were discussed by unfortunately no consensus was reached.
The latest two alternatives in RAN1#102e are copied below for reference.
Alt 1: supported by ZTE, Qualcomm

· For UL CA option 2, DCI format 0_1 can be used to schedule a UL transmission on carrier 2 when nrofSRS-Ports is configured as 2 antenna ports and state of Tx chains is 1 Tx on carrier 1 and 1Tx on carrier 2.
· It’s up to implementation how DCI format 0_1 to be used.
Alt 2: supported by Huawei
·  For UL CA option 2

· Rel-16 uplink full power transmission can be used for codebook based transmission with 2 SRS resources (with one 1-port SRS resource and one 2-port SRS resource) on carrier 2
· ​Note: No new uplink full power modes for UL CA Option2
· ​Note: If Rel-16 uplink full power mode is not supported by the UE capable of UL CA option 2and configured with one 2-port SRS resource for codebook based operation, 1-port PUSCH is scheduled only by DCI 0_0
· ​Note: Rel-16 uplink full power mode is not required as a prerequisite feature for a UE capable of UL-CA Option2.
R1-2103138 raised this issue to accommodate R17 scope and had the following proposal:
Proposal: 
· Use the following rule to decide the Tx number(s) on a certain carrier, 

· 2 Tx is used for these UL transmissions: PUSCH with TPMI=[[image: image2.png]
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], 2-port SRS, 2-port configured grant PUSCH, SRS carrier switching on the paired carrier
· 1 Tx is used for these UL transmissions: PUCCH, SR, PRACH, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH, PUSCH with TPMI=[image: image6.png]12[
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Companies are encouraged to answer whether it is necessary to continue the discussion in Rel-17. If yes, please provide the views on the above proposal.
	Company
	Yes/No
	

	CATT
	No
	

	Qualcomm
	Yes
	We had lengthy discussion in R16 on this issue but unfortunately, we didn’t get consensus. However, this is indeed an important issue to the product development and deployment. Clear definition of 1 or 2 ports would largely reduce the development and IoT test efforts between infrastructure vendors and chipset/UE vendors.

Our proposal in R1-2103138 can be categorized as two parts

· Part 1: Using DCI format 0_1 to differentiate antenna ports

· 2 Tx is used for these UL transmissions: PUSCH with TPMI=[[image: image8.png]
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· PUSCH with TPMI=[image: image12.png]12[
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· Part 2: Categorize the antenna ports for other cases

· 2 Tx is used for these UL transmissions: 2-port SRS, 2-port configured grant PUSCH, SRS carrier switching on the paired carrier
· 1 Tx is used for these UL transmissions: PUCCH, SR, PRACH, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH,
As far as we recalled, Part 2 is the consensus of most companies and there was no disagreement on this. We would suggest approving Part 2 as R17 agreement.

For Part 1, there were two FL proposals in RAN1 – 102e. We are fine with both proposals while FL proposal #1 is with more details and #2 leaves the details to implementation. Among them, we slightly prefer #1.

FL proposal #1: A compromised option is proposed in R1-2006333.

Option 3: Support 1-port UL transmission indicated by DCI Format 0_1 for UL CA with Tx switching.

·  If only one 2-port SRS resource is configured for codebook-based transmission on carrier 2,  

· PUSCH transmission with TPMI= [image: image14.png]


 can be supported in Case 1 i.e. when the Tx chain state is 1Tx on carrier 2. 

· PUSCH transmission with all other TPMIs can only be supported in Case 2 i.e. when the Tx chain state is 2Tx on carrier 2.

· If 2 SRS resources (with one 1-port resource and one 2-port resource) are configured for codebook-based transmission on carrier 2, the 1-port SRS resource is used for Case 1 and the 2-port SRS resource is used for Case 2.

· Support using the same UE capability signaling as that for UL full Tx power.

FL proposal #2 during email discussion

· For UL CA option 2, DCI format 0_1 can be used to schedule a UL transmission on carrier 2 when nrofSRS-Ports is configured as 2 antenna ports and state of Tx chains is 1 Tx on carrier 1 and 1Tx on carrier 2.
· It’s up to implementation how DCI format 0_1 to be used.
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