Page 1
[bookmark: _Ref462675860][bookmark: _Ref465963108]3GPP TSG RAN WG1 #106-e		     R1-2107308
e-Meeting, Aug. 16th – Aug. 27th, 2021
Agenda item:	5.1
Source: 	Qualcomm Incorporated
Title: 	Discussion on Rel-17 UL 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 #105-emeeting, RAN1 made progress with following agreements. 

	[bookmark: _Hlk72858629]Agreement:
· For a UE configured with higher layer parameter supplementary Uplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.
Agreement:
· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.
· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the two carriers.
Agreement:
· 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.
· Note: For SUL, UL CA option 1 and UL CA option 2, in RAN1 understanding, no spec change to power configuration and power control.
Agreement:
· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, if the state of Tx chains after UL Tx switching is not unique, a rule to determine the state of Tx chains after Tx switching is to be specified.
· FFS: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the carrier with uplinkTxSwitchingPeriodLocation configured as false.




In this paper, we provide views on the leftover issues need to be addressed in Rel-17. 
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Intra band contiguous CA
In RAN1 104b-emeeting, RAN1 got consensus that the Tx chains of band B would serve both carriers simultaneously. Therefore, as far as the max scheduled antenna ports of two contiguous carriers is within the allowed antenna port(s) number of band B, there is no switching gap expected between the two contiguous carriers. 
	Conclusion:
· For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B,
· If the state of Tx chains is 1Tx on Band A and 1Tx on Band B, 1Tx is available simultaneously on both uplink carriers on band B for a UE.
· If the state of Tx chains is 0Tx on Band A and 2Tx on Band B, 2Tx are available simultaneously on both uplink carriers on band B for a UE.




In RAN1 #105-emeeting the WG had sufficient discussion and seems most of the companies can agree with following proposal from FL.
· For inter-band UL-CA and SUL, for Rel-17 1Tx-2Tx/2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the contiguous uplink carriers on band B should be considered as a single uplink carrier for the purpose of UL Tx switching. 
We are supportive to the above proposal from FL. Furthermore, as the switching decision replies on number of antenna port(s) of each carrier/band, we think the most important issue is how to evaluate the number of antenna port for band B. 
In RAN1 #104, the WG agreed on the state machine definition of intra band contiguous CA for SUL, and UL Inter band CA (both option 1 and 2). From these agreed tables (below) from RAN1 #104b-emeeting, we can find that the max antenna port(s) number of the two carriers of band B is used to evaluating the antenna ports number to further decide whether to switch or not.
Therefore, we feel it’s natural to derive that in evaluating the antenna ports for determination of UL Tx switching, the configuration of the two contiguous carriers are jointly considered and the maximum ports number among the scheduling for the two contiguous carriers on band B is used.

Proposal 1: In evaluating the antenna ports for determination of UL Tx switching, the configuration of CC2 and CC3 are jointly considered and the maximum port number among the scheduling for CC2 and CC3 on band B is used.

	Agreements:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, 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 (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P)

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


Agreements:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, 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 (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

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

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


Agreements:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

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


Agreements:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

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

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








Switching ambiguity
In RAN1 #104b-emeeting, companies raised the issue on switching ambiguity for Rel-17 three cases switching. The issue is illustrated in Table 1, if UE is at case 3 and requires a switch to 0P+1P, it would not know which is the target case as both Case 1 and Case 2 allow 0p+1p. Similarly, if UE is at Case 2 and requires a switch to 1P+0P, it won’t know which is the target case. 
Table 1 illustration of switching ambiguity for R17 3 cases
	 
	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



With extensive discussion, RAN1 agreed the following agreement in #105e-meeting which is trying to define a switching rule instead of introducing new explicit signaling.
	Agreement:
· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, if the state of Tx chains after UL Tx switching is not unique, a rule to determine the state of Tx chains after Tx switching is to be specified.
· FFS: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the carrier with uplinkTxSwitchingPeriodLocation configured as false.



The FFS part in the agreement tries to prioritize the carrier(s) other than the one configured with uplinkTxSwitchingPeriodLocation. We don’t agree with the intention. Our understanding is the UL switching period is configured typically with the carrier with more UL slots, which doesn’t mean the carrier is less important. Take for example the case of a FDD carrier (CC1) + a TDD carrier (CC2), CC1 could be configured with switching period because CC2 has fewer UL slots. Meanwhile, CC1 is with better chance to be the PCell due to the better propagation performance. In this example, CC1 is more important as it carries PUCCH and other important UL transmission. 
To pre-define the switching rules, there might be couples of possible options
1. Prioritize one carrier in the sense that allow at least one Tx chain on that carrier and two Tx chains when possible
· One example is to prioritize Pcell or Spcell which would be configured with UCI and other important channels. 
2. Prioritize one switching case
· One example is to prioritize Case 1 which is more balanced for both carriers.
3. Define rules with pre-conditions
· One example is to define per channel rules
i. if the scheduling on target cell is PUSCH, it prefers Case 3 -> Case 2 with 0P+1P, and Case 2 -> Case 3 with 1P+0P
ii. if the scheduling on target cell is PRACH/PUCCH, it prefers Case 3 -> Case 1, and Case 2 -> Case 1, as single port should be sufficient for those channels and the rest port could be on another carrier for future Tx. 

Beyond the above options, there might be some combinations as well. We don’t have strong preference among the options and are open to discuss the possible solutions. Considering the various aspects, we slightly prefer option 2 – prioritize one case.

Proposal 2: To resolve the switching ambiguity, define selecting Case 1.

Categorization of 1Tx vs. 2Tx
In R16 UL Tx switching, we had some discussion, but no decision was made at that time due to diverged proposals. 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.
Hereby we would like to update our proposal to accommodate R17 scope.
· DCI format 0_1 defines PUSCH precoding with TPMI and mapping matrix is defined for different antenna port combination in TS38.211. TPMI = [1 1] is port transmission of CC2 (TDD) which should be with no confusion. For TPMI = [1 0] cases, we would propose consider both as one-port, while TPMI = [0 1] should be considered as two-port transmission. 

· PUCCH and PRACH are one port transmission from RAN1 perspective even though two Tx chain could be used transparently to increase the UL reliability. However, we need to decide which case it belongs to. For simplicity, we propose to put them into Case 1.

· For a Configured Grant (CG) PUSCH, UE is with flexibility to initial Tx without DCI. To avoid ambiguity between network and UE, we propose that a UE uses 2-port for CG PUSCH in Case 2 and 1-port for CG PUSCH in Case 1.

Based on the above discussion, we have the following proposals to categorize 1 Tx or 2 Tx. 


Proposal 3: 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=[ , ], 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=

[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 RAN1 #105e-meeting 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. Below is the resubmission of the proposals. 

[bookmark: OLE_LINK1]Proposal 4: 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 5: 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 6: 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 7: 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



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: In evaluating the antenna ports for determination of UL Tx switching, the configuration of CC2 and CC3 are jointly considered and the maximum port number among the scheduling for CC2 and CC3 on band B is used.

Proposal 2: To resolve the switching ambiguity, define selecting Case 1.

Proposal 3: 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=[ , ], 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=

Proposal 4: 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 5: 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 6: 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 7: 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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