Page 1
[bookmark: _Ref462675860][bookmark: _Ref465963108]3GPP TSG RAN WG1 #106-emeeting	     R1-2112188
e-Meeting, Nov. 11th – Nov. 19th, 2021
Agenda item:	5.1
Source: 	Qualcomm Incorporated
Title: 	Discussion on Rel-17 UL Tx switching
Document for:	Discussion/Decision
Introduction
RAN plenary approved the work item R17 NR FR1 which includes the R17 UL Tx switching [1]. In RAN1 #106b-emeeting, RAN1 made progress with following agreements. 

	Agreement 
For UL-CA Option2, if UL Tx switching is triggered for 1-port transmission on a carrier and the state of Tx chains after the UL Tx switching is not unique, introduce a new RRC parameter to configure between 1) and 2) 
· 1) The state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· 2) 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.




In this paper, we provide views on the leftover issues need to be addressed in Rel-17. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]
Switching mode determination
In RAN1 #106b-emeeting, the discussion made some progress and the latest proposal is as follows.
	Option 1:
· 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 all 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
· Note: 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.
· If any of the above SRS resources is configured with usage “noncodebook”, then the max number of 2 antenna ports are counted for the SRS resources during the determination of operation mode.
· FFS how to determine the number of antenna ports for SRS resources.
Option 2: 
· For a UE configured with UL Tx switching via uplinkTxSwitching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· Note 1: gNB would not configure 1Tx-2Tx mode where the assumed 1Tx CC is also configured with non-codebook based MIMO.
· Note 2: The new RRC configuration would not conflict with other active RRC configurations on Tx states. 
· Note 3: This RRC parameter is used to differentiate the table (mapping between UL transmission ports and Tx chain) and switching delay for 1Tx-2Tx vs 2Tx-2Tx for UE, and it doesn’t imply any restriction on application of non-codebook transmission together with UL Tx switching.




It’s proposed to differentiate the switching mode between 1Tx-2Tx or 2Tx-2Tx as it may be with different parameters – e.g. transient time and etc.
We support Option 2 to introduce a new RRC IE in principle as this provides a clean and clear way to indicate the switching mode for different switching time. The notes of Option 2 just clarify it has no intention to impact current non-codebook configuration and implementation would guarantee no conflict with other active RRC configurations on Tx states.
Meanwhile, we found some issues for Option 1 during the discussion and made comments during email discussion.
· [bookmark: OLE_LINK10]When the SRS resource is configured with noncodebook, both 1-port and 2-ports are allowed while the exact port number would be configured by network. From current option 1, our feeling is the proponents want to preclude the 1 port case. It would be better if the proponents can clarify.
· The frequency for switching mode determination. Our understanding is this should be at least a RRC message circlue, and therefore a new RRC IE as in Option 2 could serve this purpose very well. However, the current option 1 may have smaller time period as number of antenna ports could be changed/configured with MAC-CE….
· Option 1 only checks the SRS antenna port number which might NOT fully reveal the Tx chain status. For example, 1T4R of SRS antenna switching on single carrier may be implemented with different RF architectures based on UE’s design. For some UE design, one RF chain only has 1T2R, 1T4R would require 2 separate RF chains and both RF chains need to camp on that carrier for 1T4R. However, current Option 1 would recognize this as 1 Tx and thus implement shorter switching time. 
Proposal 1: Agree on Option 2 to introduce a new RRC IE to indicate the switching mode.

Categorization of 1Tx vs. 2Tx
In RAN1#106b-emeeting, most companies were fine with FL proposed the following compromise, which try to conclude the combination of DCI 0_1 could use to categorize the antenna port number. 
	Conclusion:
· For Rel-17 Tx switching between Band A and Band B, no additional specification impact to support 1-port transmission via DCI format 0_1 for UL CA option 2 when maximum nrofSRS-Ports among the carriers on Band B is configured as 2 antenna ports and the state of Tx chains is 1 Tx on Band A and 1Tx on Band B.



This UL Tx switching feature has two most important parts – when to switch and how to switch. This conclusion is on the 1st part – when to switch. In the proposed conclusion, the port number determination “when maximum nrofSRS-Ports among the carriers on Band B is configured as 2 antenna ports and the state of Tx chains is 1 Tx on Band A and 1Tx on Band B” is the most critical issue, as gNB & UE may interpret codebook as different Tx status.
Rel-17 allows 2 ports scheduling for both bands, which makes the status determination more complicated than Rel-16. This port number categorization is thus with higher importance and necessity. As the conclusion would help to reduce the potential scheduling ambiguity, we would propose companies to be more constructive to make the necessary progress. 
We had long time discussion and unfortunately we can’t converge to one proposal. To make progress, we compromise to above FL proposed conclusion without specification impact, which leave the port number categorization to implementation. 
[bookmark: OLE_LINK11]Proposal 2: Adopt following wording for categorization of 1 port or 2 ports.
For Rel-17 Tx switching between Band A and Band B, no additional specification impact to support 1-port transmission via DCI format 0_1 for UL CA option 2 when maximum nrofSRS-Ports among the carriers on Band B is configured as 2 antenna ports and the state of Tx chains is 1 Tx on Band A and 1Tx on Band B.

[bookmark: OLE_LINK2]SRS carrier switching
RAN1 had extensive discussion on UL Tx switching together with SRS carrier switching. 
During the email discussion in RAN1 #104b-emeeting, companies agreed that we could wait for the conclusion of email thread [104b-e-NR-7.1CRs -02] which is trying to solve similar ambiguity issue. However, the email thread [104b-e-NR-7.1CRs -02] didn’t conclude in RAN1 #104b-e. Unfortunately, the CR discussion didn’t conclude in the following two RAN1 meetings neither. 
As Rel-16 UL Tx switching has been delayed for several meetings already and the ambiguity of SRS carrier switching might not be able to be solved in a short time, we propose to conclude that the combination of SRS carrier switching and UL Tx switching is not supported in Rel-16. Furthermore, we suggest solving the issues in Rel-17 for this combined feature. 
In R1-2103149, we clarified why the current specifications are with ambiguity and provided draft text proposals to TS 38.214 to fully solve the issue when SRS carrier switching is configured together with UL Tx switching. 
	[bookmark: OLE_LINK1]Below is the proposals for reference.
Proposal: In the prioritization for SRS switching considers the state of carriers configured with UL Tx switching jointly.  As an example, if SRS switching is configured between CC2 and CC3 then in the prioritization the state of CC1 also needs to be considered if CC1 and CC2 are configured with UL Tx switching. 
Proposal: Define requirements allowing dropping transmissions on a CC due to SRS transmission on another CC, even if this CC is not configured with SRS switching, as long as the CC is configured with UL Tx switching.  
Proposal: Choose one of the following options: 
· During the SRS transmission on CC3 and the interruption time caused by RF tuning, UE is not expected to be scheduled or configured with other transmission requiring UL Tx switching
· Define rules on the order in which the UE state vs. dropping decisions are being made




For this combined feature, we are fine with either of the below two alternative approaches:
· Alternative 1: wait for SRS CR discussion and then make further discussion based on the outcome of SRS CR discussion. 
· Alternative 2: discuss and try to solve the issue without waiting for SRS CR discussion. The above proposals could be starting point. 
Proposal 3: To specify SRS carrier switch together with UL Tx switch in Rel-17, we are fine with either of the below two alternative approaches:
· Alternative 1: wait for SRS CR discussion and then make further discussion based on the outcome of SRS CR discussion. 
· Alternative 2: discuss and try to solve the issue without waiting for SRS CR discussion. The below proposals could be starting point. 
· In the prioritization for SRS switching considers the state of carriers configured with UL Tx switching jointly.  As an example, if SRS switching is configured between CC2 and CC3 then in the prioritization the state of CC1 also needs to be considered if CC1 and CC2 are configured with UL Tx switching. 
· Define requirements allowing dropping transmissions on a CC due to SRS transmission on another CC, even if this CC is not configured with SRS switching, as long as the CC is configured with UL Tx switching.  
· Choose one of the following options: 
· During the SRS transmission on CC3 and the interruption time caused by RF tuning, UE is not expected to be scheduled or configured with other transmission requiring UL Tx switching
· Define rules on the order in which the UE state vs. dropping decisions are being made.

R17 Back-to-back switching with SRS switching
In Rel-16 UL Tx switching, UE is restricted to support one switch per one slot. However, the switching location could be anywhere inside the slot. For example, if the switch is triggered by SRS transmission, the switching location could be in the middle or even later part of the slot. Therefore, if there is an expected switch on the SRS transmission carrier, there would be two switches in 14 consecutive symbols even if these two switches still belong to two slots. 
When we consider SRS carrier switching and if the UL Tx switching is triggered by SRS carrier switching which means there would be 4 switches (2 for SRS and 2 for UL Tx switch) in 14 consecutive symbols! From UE implementation perspective, we definitely want to avoid this case as too many symbols are wasted as switch gap. 
Proposal 4: When SRS carrier switching is configured, a maximum of 3 switches (2 for SRS and 1 for UL Tx switching) are supported in 14 consecutive symbols. 
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Figure 1: illustrative figure on 4 switches in 14 consecutive symbols



UE capability discussion
We provide our views in our campanion paper [X] which we think would be important to be further discussion on the TPs to capture this feature in the specifications.


Conclusions
We shared the views on new switching options, intra band contiguous CA, Categorization of 1Tx and 2Tx, and etc. for inter-band CA, and SUL. Based on the discussion, we have the following proposals:

Proposal 1: agree on Option 2 to introduce a new RRC IE to indicate the switching mode.

Proposal 2: Adopt following wording for categorization of 1 port or 2 ports.
For Rel-17 Tx switching between Band A and Band B, no additional specification impact to support 1-port transmission via DCI format 0_1 for UL CA option 2 when maximum nrofSRS-Ports among the carriers on Band B is configured as 2 antenna ports and the state of Tx chains is 1 Tx on Band A and 1Tx on Band B.
Proposal 3: To specify SRS carrier switch together with UL Tx switch in Rel-17, we are fine with either of the below two alternative approaches:
· Alternative 1: wait for SRS CR discussion and then make further discussion based on the outcome of SRS CR discussion. 
· Alternative 2: discuss and try to solve the issue without waiting for SRS CR discussion. The below proposals could be starting point. 
· In the prioritization for SRS switching considers the state of carriers configured with UL Tx switching jointly.  As an example, if SRS switching is configured between CC2 and CC3 then in the prioritization the state of CC1 also needs to be considered if CC1 and CC2 are configured with UL Tx switching. 
· Define requirements allowing dropping transmissions on a CC due to SRS transmission on another CC, even if this CC is not configured with SRS switching, as long as the CC is configured with UL Tx switching.  
· Choose one of the following options: 
· During the SRS transmission on CC3 and the interruption time caused by RF tuning, UE is not expected to be scheduled or configured with other transmission requiring UL Tx switching
· Define rules on the order in which the UE state vs. dropping decisions are being made.

Proposal 4: When SRS carrier switching is configured a maximum of 3 switches (2 for SRS and 1 for UL Tx switching) are supported in 14 consecutive symbols. 
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