
[bookmark: _Hlk68269046]3GPP TSG RAN WG1 #106-e	R1- 2107975
e-Meeting, August 16th – 27th, 2021

Source:	vivo
Title:	Discussion on SRS carrier switching
Agenda Item:	7.1
Document for:	Discussion and Decision
Introductions
The following agreements were made in the previous meeting:
Agreement
The prioritization rules of SRS carrier switching apply to at least the source CC.
· FFS: Whether the specification needs to be updated or not

Agreement
Down select one from the following two options in RAN1#106-e meeting to determine which UL CCs other than the source CC should be used for SRS carrier switching priority rules:
· Option 1: The UL CCs in the same band as the source CC
· Option 2: The UL CCs can be any carriers which result in uplink transmissions beyond the UE ’s indicated uplink carrier aggregation capability. 
· Companies should indicate how “UE’s indicated uplink CA capability” is derived based on current ASN.1 signaling.

In this contribution, we will analyze remaining issues regarding SRS carrier switching. 
Discussion
Based on current specification of 38.214 in section 6.2.1.3[3], the first 4 paragraphs describe collision handling rules between SRS transmission on target CC (without PUSCH/PUCCH configuration) and signal transmission on source CC if two transmissions are overlapped on same symbol. And, then a high-level definition of SRS carrier switching is interpreted for the UE temporarily suspending the uplink transmission on source CC during SRS transmission on target CC. 
Although, from our perspective, the behavior of SRS carrier switching and collision rule are clear enough in the specification, it was agreed that the prioritization rules of SRS carrier switching should also be applied to source CC in previous meeting. Thus, we can accept the modified version in previous summary [2] to prevent misunderstanding in application scenario of collision rule.
[bookmark: _Hlk79176106]To avoid misunderstanding in application scenario of collision handling rule, we can support the following modified version for updating the specification of 38.214.
	38.214 section 6.2.1.3
When SRS transmission on carrier c1 is performed according to the prioritization/dropping rules in this subclause, Dduring SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2.



[bookmark: OLE_LINK1]Another issue is that if UE has capability to transmit simultaneously on each CC pair, including target CC and source CC set, whether the priority rule should be applied for source CC only which is configured by current RRC signaling srs-SwitchFromServCellIndex and srs-SwitchFromCarrier or applied for a source CC set. Since source CC set in both of option 1 and option 2 includes all carriers associated within a band which is determined by srs-SwitchFromServCellIndex, we will analyze inter-band scenario only in following sentences. 
For inter-band CA, based on description in TS 38.214 of section 6.2.1.3 shown as below,
· [bookmark: _Hlk515873385]In case of inter-band carrier aggregation, a UE can simultaneously transmit SRS and PUCCH/PUSCH across component carriers in different bands subject to the UE's capability
· In case of inter-band carrier aggregation, a UE can simultaneously transmit PRACH and SRS across component carriers in different bands subject to UE's capability
If the UE does not support above simultaneous transmission capability, gNB should not configure/trigger SRS on target CC and schedule signals on source CCs on overlapping symbol. Thus, from our understanding, there is no need to consider priority rules on signals between target CC and source CC set for both option 1 and option 2 in case of inter-band carrier aggregation if UE does not support simultaneous transmission.
However, if a UE can simultaneously transmit SRS and other signals across CCs in different bands, there are several different priority rule understandings between two options with various UE Tx chain architecture. To better understanding, two types of architectures can be abstracted as independent Tx chain and shared Tx chain, and we give examples in below Figure 1 which corresponding to subplot a) and subplot b) respectively.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][image: ]
a) independent Tx chain                                                b) shared Tx chain
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 1 Two types of UE Tx chain architectures 
Therefore, based above two architectures, each CC pair across {CC1, CC2, CC3} supports simultaneously transmission for independent Tx chain, while UE shall only report two CC pairs, i.e. {CC1, CC3} and {CC2, CC3}, support simultaneously transmission for shared Tx chain. Besides, in Table 1 below, corresponding configurations across CCs shall be received by UE and we further assume maximum 2 CCs can be transmitted simultaneously according to UE capability.
	CC
	Uplink config
	limitation

	CC1 (source CC)
	Yes (PUSCH/PUCCH)
	Support maximum 2 CCs simultaneously transmission;
SRS with 1st priority for carrier switching;
Priority CC 1 > priority CC3 for PUSCH/PUCCH;

	CC2 (target CC)
	SRS CS from CC1
	

	CC3
	Yes (PUSCH/PUCCH)
	


Table 1 Configuration assumption across CCs
In this case, when signals are overlapped on same symbol across 3 CCs, priority rule regarding SRS carrier switching should be applied between CC 1 and CC 2 regardless of CC3 due to source CC set defined as UL CCs in same band with RRC signaling indicated source CC for option 1. Thus, in Figure 2, if SRS has higher priority, SRS and PUSCH/PUCCH will be transmitted in CC 2 and CC 3 respectively for both UE TX chain architectures while CC 1 cannot be transmitted. 
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a) independent Tx chain                                                b) shared Tx chain
Figure 2 Priority rule applied for two types of UE Tx chain architectures according to option 1
Similarly, for option 2, since source CC set is defined as any carriers including inter-band carriers, priority rule of carrier switching should be applying for 3 carriers, and we assume signals in CC 3 has lower priority than signals in CC 1 according to priority rule regarding PUCCH and/or PUSCH between CC1 and CC3. Thus, SRS will be transmitted in CC 2, and PUSCH/PUCCH in CC 1 shall be transmitted simultaneously with CC 2 if priority of CC 1 is higher than that of CC3 for subplot a) in Figure 3. 
However, SRS in CC 2 will be transmitted similarly for shared Tx chain architecture in subplot b), while PUSCH/PUCCH in CC 1 should be transmitted, according to carrier switching priority rule for SRS in CC 2 which has the highest priority and PUSCH/PUCCH priority rule for CC1 and CC 3 which PUSCH/PUCCH in CC 1 is more important than that in CC 3. Consequently, even two carriers, i.e. CC 1 and CC 2, can be simultaneous transmitted subject to the priority rules and UE maximum simultaneously transmission capability, only CC 2 can be transmitted as CC 1 and CC 2 shared same TX chain. 
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a) independent Tx chain                                                b) shared Tx chain
Figure 3 Priority rule applied for two types of UE Tx chain architectures according to option 2
Thus, we have following observations and proposal,
For independent Tx chain architecture, same transmission behavior is applicable for both option 1 and option 2.
For shared Tx chain architecture, two carriers, i.e. SRS on CC 2 and PUSCH/PUCCH on CC 1, will be transmitted for option 1.
For shared Tx chain architecture, only SRS on CC 2 will be transmitted for option 2 due to CC 1 and CC 2 shared same Tx chain.
For SRS carrier switching, priority rule is applied among UL CCs in the same band as the source CC, i.e. option 1.
Lastly, we will discuss signaling issue regarding how UE indicates uplink CA capability. Reusing above two types of UE Tx chain architecture in Figure 1 as examples, if a UE has three independent Tx chain, it will report each CC pair (or called band pair as only discussing inter-band case) supports bandwidth combination by signaling supportedBandwidthCombinationSet and report interruption time on DL/UL reception within each CC pair (band pair) through signaling SRS-SwitchingTimeNR. Furthermore, network can obtain aggregated transmission bandwidth and maximum number of component carriers by signaling ca-BandwidthClassUL-NR reported by UE. Thus, gNB will confirm that the UE can support independent Tx chain across three carriers/bands. 
However, if a UE has shared Tx chain shown in Figure 1 subplot b), it will report bandwidth combination and interruption time on DL/UL reception within a CC set of {CC1, CC3} and {CC2, CC3} by signaling supportedBandwidthCombinationSet and SRS-SwitchingTimeNR respectively. Consequently, UE indicates its uplink CA capability as independent Tx chain in {CC1, CC3} and shared Tx chain in {CC1, CC2}.
UE indicates its uplink CA capability by reporting following signaling supportedBandwidthCombinationSet, SRS-SwitchingTimeNR and ca-BandwidthClassUL-NR.
Conclusions
In this contribution, we discuss some issues on SRS carrier switching regarding priority rule and have the following observations:
1. For independent Tx chain architecture, same transmission behavior is applicable for both option 1 and option 2.
For shared Tx chain architecture, two carriers, i.e. SRS on CC 2 and PUSCH/PUCCH on CC 1, will be transmitted for option 1.
For shared Tx chain architecture, only SRS on CC 2 will be transmitted for option 2 due to CC 1 and CC 2 shared same Tx chain.
and proposals:
1. To avoid misunderstanding in application scenario of collision handling rule, we can support the following modified version for updating the specification of 38.214.
For SRS carrier switching, priority rule is applied among UL CCs in the same band as the source CC, i.e. option 1.
UE indicates its uplink CA capability by reporting following signaling supportedBandwidthCombinationSet, SRS-SwitchingTimeNR and ca-BandwidthClassUL-NR.
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