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Introductions
The following agreements were made in RAN1#105-e meeting: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.
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


In RAN1 # 106-e meeting, further agreements were made as below:Agreement
For a target CC, when multiple aperiodic SRS resource sets for carrier switching are triggered by the same DCI and all the SRS resource sets will be transmitted according to the dropping rule, regarding UE behaviour on switching back to the source CC after transmitting one SRS resource set, further discuss the following alternatives:
· Alt 1) The behavior depends on the UE implementation
· Alt 2) UE stays in the target CC in the period between the SRS resource sets.
· Alt 3) If the time period between the SRS resource sets is smaller than the total required RF switching time to the source CC and back to the target CC and a higher priority UL transmission and/or DL reception is not scheduled on the source CC in the time period between the two SRS resources sets, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting each SRS resource set.
· Alt 4) UE switches back to source CC between the SRS resource sets








In this contribution, we will analyze remaining issues regarding SRS carrier switching. Agreement
For a target CC, In the case that multiple SRS resource sets are triggered by the same DCI, regarding the applicable timeline(s), further discuss the following alternatives:
· Alt 1) Individual timeline is applied to each triggered SRS resource set
· “Individual timeline” means that for each SRS resource set, the deadline to consider DCI triggering the SRS resource set or other uplink signals is applied and decision is made independently amongst the SRS resource sets.
· Alt 2) The same timeline is applied to all the triggered SRS resource sets
· “Same timeline” means that the deadline to consider DCI triggering the SRS resource sets or other uplink signals is applied considering the multiple SRS resource sets as a whole so that a single decision on collision handling is made for these SRS resource sets.

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.
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a) independent Tx chain                                                b) shared Tx chain
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 1 Two types of UE Tx chain architectures 
However, if a UE can simultaneously transmit SRS and other signals across CCs in different bands, there are several different understandings of priority rules between two options with various UE Tx chain architectures. For better understanding, two types of architectures can be abstracted as independent Tx chain and shared Tx chain, and we give examples in Figure 1 a) and b) respectively.
	CC
	Uplink config
	limitation

	CC1 (source CC)
	Yes (PUSCH/PUCCH)
	Support maximum 2 CCs simultaneously transmission;
Priority CC2 > CC 1 > CC3

	CC2 (target CC)
	SRS CS from CC1
	

	CC3
	Yes (PUSCH/PUCCH)
	


Table 1 Configuration assumption across CC
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Based on above two architectures, each CC pair within {CC1, CC2, CC3} supports simultaneously transmission for independent Tx chain in figure 1 a), while UE support simultaneously transmission in two CC pairs, i.e. {CC1, CC3} and {CC2, CC3}, for shared Tx chain in figure 1 b). Besides, in Table 1, corresponding configurations across CCs shall be received by UE and we further assume maximum 2 CCs can be transmitted simultaneously according to UE capability.
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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
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. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][image: ]
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 without clear UE capability signaling.
Similarly, if 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, for figure 3 a), SRS will be transmitted in CC 2, and PUSCH/PUCCH in CC 1 shall be transmitted simultaneously with CC 2 since priority of CC 1 is higher than that of CC3. 
For figure 3 b), SRS in CC 2 will be transmitted for shared Tx chain architecture as it has highest priority, while PUSCH/PUCCH in CC 1 also should be transmitted according to PUSCH/PUCCH priority rule for CC1 and CC 3 where PUSCH/PUCCH in CC 1 has higher priority than CC 3. However, due to shared Tx chain architecture between CC1 and CC2, only one signal, i.e. SRS in CC2, shall be transmitted and the Tx chain for CC 3 will be wasted. 
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a) independent Tx chain                                                b) shared Tx chain
Figure 4 Priority rule applied for two types of UE Tx chain architectures according to option 2 with clear UE capability signaling.
For option 2 with clear UE capability signaling on uplink carrier aggregation, as independent TX chains are used for CC 1 and CC 2, both shall be transmitted in the case of figure 4 a). In the case of shared Tx chain in figure 4 b), SRS in CC 2 will be transmitted and switched from CC 1, and due to the hardware architecture constraint CC 1 and CC 2 cannot be transmitted simultaneously, thus only SRS in CC 2 with highest priority shall be transmitted. Furthermore, as we assumed above that UE supports simultaneous transmission in two CC pairs {CC1, CC3} and {CC2, CC3}, simultaneous transmission between CC 2 and CC 3 can be realized. Thus, no need to introduce priority rule between CC 2 and CC 3 which represents that signals in CC 2 and CC 3 can be transmitted simultaneously. 
From above discussion on various priority rules and UE architectures, we have following observations,
For architecture with independent Tx chains, same transmission behavior is applicable for both option 1 and option 2.
For architecture with shared Tx chains, two carriers, i.e. SRS on CC 2 and PUSCH/PUCCH on CC 1, will be transmitted for option 1.
For architecture with shared Tx chains, only SRS on CC 2 will be transmitted for option 2 without clear UE capability signaling.
For architecture with shared Tx chains, simultaneous transmission between CC 2 and CC 3 can be realized for option 2 with clear UE capability signaling.
It can be found that UE’s uplink carrier aggregation capability can be acquired in network or not which seems the core issue in option 2. Some companies believe uplink carrier aggregation capability can be indicated using uplinkTxSwitching-r16 signaling. However, the parameter of uplinkTxSwitching-r16 is configured by RRC signaling rather than capability indicated by UE. Besides, uplinkTxSwitching-r16 related UE capability is not introduced with the intention of signaling whether the UE can support simultaneous transmission during SRS carrier switching. Even if we ignore its original purpose, how to use this capability to indicate is unclear. Thus, we propose, 
For SRS carrier switching, at least support priority rule applied among UL CCs in the same band as the source CC, i.e. option 1.
For option 2, details on how UE can indicate uplink CA capability for SRS carrier switching should be provided, whether and how uplinkTxSwitching-r16 related signaling is used or other signaling. 
Below, we will discuss UE behavior when multiple SRS resource sets for carrier switching are triggered by single DCI. Four alternatives were agreed as below:
· Alt 1) The behavior depends on the UE implementation
· Alt 2) UE stays in the target CC in the period between the SRS resource sets.
· Alt 3) If the time period between the SRS resource sets is smaller than the total required RF switching time to the source CC and back to the target CC and a higher priority UL transmission and/or DL reception is not scheduled on the source CC in the time period between the two SRS resources sets, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting each SRS resource set.
· Alt 4) UE switches back to source CC between the SRS resource sets
From our initial understanding, UE should switch back to source CC between the SRS resource sets for PUSCH/PUCCH transmission. After double checking specification, we believe relative behavior depends on UE implementation which means UE can stay in the target CC or switch back to source CC in the period between the SRS resource sets. For Alt 2, if it is specified that UE should stay in the target CC in the period between the SRS resource sets, the benefit is not clear and it actually can be realized by UE implementation. Similarly, although it may decrease carrier switching time for Alt 3 in some extent, it would be very complicated in terms of timeline, rule for stay or switch back and no other obvious benefit is observed. We, thus, propose,
UE stays in the target CC or switches back to source CC in the period between the SRS resource sets is up to UE implementation when multiple SRS resource sets for carrier switching are triggered by single DCI, i.e. support Alt 1.
Lastly, we will discuss timeline issue when multiple SRS resource sets are triggered by same DCI. In 38.214, the timeline is described as below:
“For an SRS transmission starting in symbol 𝑁𝑐1 of carrier 𝑐1 and a conflicting transmission in carrier 𝑐2 starting in symbol 𝑁𝑐2, the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account: …”
The description of “an SRS transmission” is indeed unclear and may cause ambiguities in relative timeline understanding. Hence, we will analyze the difference between same timeline and individual timeline at first. 
[image: ]
Figure 5 timeline issue when multiple SRS resource sets are triggered by same DCI
Assume a case shown in Figure 5 for timeline issue, time slot t1 represents a deadline to make decision whether SRS 1 should be transmitted, and similarly t2 is the deadline for SRS 2 if individual time line applied. And SRS 1 and SRS 2 are triggered by same DCI for carrier switching with lowest priority rule compared with PUSCH 1 and PUSCH 2. Due to the first DCI for scheduling PUSCH1 which overlap with SRS 1 in symbols ends after time slot t1 which is error case that UE does not expected, SRS 1 in CC 1 can be transmitted. For SRS 2 in CC 3, since the last symbol of second DCI for scheduling PUSCH2 is before time slot t2, priority rule should be applied between overlap signals, i.e. SRS 2 in CC 3 and PUSCH 2 in CC 2. As a consequence, SRS 2 in CC 3 should not be transmitted. 
For the case of same timeline similar analogy can be drawn which means time slot t2 and decision time for SRS 2 is not actually present, due to the PUSCH2 in CC 2 is overlapped with SRS 2 in CC 3, it was an error case according to current specification. In other words, UE is not expected to receive scheduling of UL transmission in CC 2 overlapped with SRS 2 in CC 3, and SRS 2 in CC 3 will be transmitted without considering priority rule even with lowest priority. 
Although, from above analysis, we see a little benefit on individual timeline regarding priority rule applying to SRS in target CCs except the first SRS in target CC, it will introduce much more complicated processing in timeline and priority rule confirmation. Besides, considering a normal case that the occupied symbol length for an SRS carrier switching transmission seems shorter than one slot, gNB can schedule UL transmission without SRS carrier switching symbols by implementation. Thus, we think individual timeline is overly optimized and prefer same timeline applied to multiple SRS resource sets for carrier switching.
Individual timeline may be overly optimized and we prefer same timeline applied to multiple SRS resource sets triggered by single DCI for carrier switching.
Conclusions
In this contribution, we discuss some issues on SRS carrier switching regarding priority rule and have the following observations:
1. For architecture with independent Tx chains, same transmission behavior is applicable for both option 1 and option 2.
For architecture with shared Tx chains, two carriers, i.e. SRS on CC 2 and PUSCH/PUCCH on CC 1, will be transmitted for option 1.
For architecture with shared Tx chains, only SRS on CC 2 will be transmitted for option 2 without clear UE capability signaling.
For architecture with shared Tx chains, simultaneous transmission between CC 2 and CC 3 can be realized for option 2 with clear UE capability signaling.
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.
	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.


For SRS carrier switching, at least support priority rule applied among UL CCs in the same band as the source CC, i.e. option 1.
[bookmark: _GoBack]For option 2, details on how UE can indicate uplink CA capability for SRS carrier switching should be provided, whether and how uplinkTxSwitching-r16 related signaling is used or other signaling. 
UE stays in the target CC or switches back to source CC in the period between the SRS resource sets is up to UE implementation when multiple SRS resource sets for carrier switching are triggered by single DCI, i.e. support Alt 1.
Individual timeline may be overly optimized and we prefer same timeline applied to multiple SRS resource sets triggered by single DCI for carrier switching.
References
[1] Chair's Notes RAN1#105-e final
[2] R1-2106100	, Summary of [105-e-NR-7.1CRs-12] Issue#26 SRS carrier switching
[3] 3GPP TS 38.214 V16.5.0 (2021-03)
[4] 3GPP TS 38.331 V16.4.1 (2021-03)
[5] 3GPP TS 38.306 V16.4.0 (2021-03)
[6] R1-2107567, Discussion on SRS carrier-based switching, Intel Corporation, RAN1 #106-e, August 16th – 27th, 2021
image3.png




image4.png
cclT ——m

cc2 —

CC3 )




image5.png
cc2
Source CC

cCc1
target CC

cc3
target CC

Decision time

= o—4-—-1

! . .

1 Decision time
L

1

t2





image1.png
ccl1T —mm

cc2 ——

cC3 —mmm




image2.png




