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1 Background
In RAN1#104b-e, there was a discussion on prioritization rules for SRS carrier switching under [104b-e-NR-7.1CRs-02]. During this discussion, there seemed to be a misalignment between companies on how the prioritization is performed for SRS carrier switching. More specifically, the following two interpretations were mentioned:
· Alt 1: The prioritization rules apply only between the source CC and the target CC.
· Alt 2: The source CC is always dropped. The prioritization rules are between the target CC and other CCs, depending on UE capability.
In this contribution we present our views on the issue above, and how it affects the decision on supporting joint prioritization between carriers other than the source and target carriers for the case of intra-band contiguous CA. We also discuss in Section 4 how the specification should handle different cases of UE capabilities.
2 Current specification
In this section, we highlight some relevant parts of the specification that we will reference in the remaining of the contribution.
The current specification (TS 38.214) defines the relationship between “source CC” and “target CC” and “switching times” as follows:
[T1] – 38.214
A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During 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.


The specification also defines a set of priority rules. For instance, the following text specified the UE behavior in the case of collision between SRS and high priority UCI:
[bookmark: _Hlk497042805][T2] – 38.214
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit SRS whenever SRS transmission (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) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].


The RAN4 specifications (38.133) specify the following interruption related to SRS CS (example for FR1):[T3] – 38.214
When SRS carrier based switching is performed between carriers, the UE is allowed interruptions on any active serving cell in SCG if UE is not capable of Per-FR gap, or on active serving cell(s) in SCG in FR1 if UE is capable of Per-FR gap, during the switching to the carrier of a serving cell in FR1 not configured for PUCCH/PUSCH transmission,
-     with up to X1 slot as specified in Table 8.2.1.2.12-1.
[…]
Table 8.2.1.2.12-1: Interruption length X1 (slot) 
 
NR Slot length
SRS carrier
Interruption length X1 (slots)
[image: ]
(ms) of victim cell
switching time (us)Note 1
Sub carrier spacing for agressor cell (kHz)
 
 
 
15
30
0
1
≤ 200
2
2
 
 
300, 500
2
2
 
 
900
3
3
1
0.5
≤ 200
3
2
 
 
300, 500
3
3
 
 
900
4
4
2
0.25
≤ 200
4
3
 
 
300, 500
5
4
 
 
900
7
6
3
0.125
≤ 200
7
5
 
 
300, 500
9
7
 
 
900
12
10
Note1:       NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



We note that, in the above text T3, the “aggressor cell” is the target cell (i.e., the cell in which SRS transmission with carrier switching happens), and “victim cell” is any other cell in the band combination.
Our reading of the three texts above is as follows:
· T1: Specifies the relationship between source and target CCs, i.e., the source CC is the CC that is interrupted (from RAN1 specification point of view) *if* SRS is transmitted in the target CC.
· T2: Specifies the collision handling between source and target CC, i.e., if there is a conflict between source and target CC, it defines which channel/signal is prioritized and which one shall be dropped.
· T3: Specifies that, in the event of doing SRS carrier switching, an interruption of X1 slots is allowed in any other CC (in the same FR only if the UE supports Per-FR gap).
Note the difference between T2 and T3: T2 forces the UE to drop a channel/signal, while T3 only talks about interruption (i.e., the UE behavior is left undefined during that period).
Thus, our view is that Alt.1 is correct, i.e., the UE performs prioritization between source and target CC, but the UE may have an interruption in any carrier (other than target CC).

Observation 1: Under current rules for SRS carrier switching:
· The UE performs prioritization between source and target CCs. RAN1 specifications define which channel the UE SHALL drop
· For CCs other than source and target, RAN4 specifications define an interruption period during which the UE MAY skip transmission.
Example with 3 CCs

The example in this section is for a UE that supports 3 bands (assume no intra-band CA), where the UE indicates support for ULCA between B1 and B3, and indicates SRS carrier switching between B1 and B2:
	
	Uplink

	B1
	Yes

	B2
	Switch From B1

	B3
	Yes



The UE receives the following configuration according to the UE capability:
	CC
	Band
	Uplink config

	CC1 (source CC)
	B1
	Yes (PUSCH/PUCCH)

	CC2 (target CC)
	B2
	SRS CS from CC1

	CC3
	B3
	Yes (PUSCH/PUCCH)



In this case, the UE would perform prioritization between CC1 and CC2 (per T1/T2), and an interruption is allowed in CC3 (per T3):
[image: ]
Figure 1 Prioritization/interruption according to Alt1 (current spec)

Alternative 2 would actually imply that the UE would not perform any prioritization between CC1 and CC3, and instead the prioritization would be between CC2 and CC3 if the UE capability is exceeded. In this case, the applicability of the RAN4 specification regarding interruption is unclear:

[image: ]
Figure 2 Prioritization/interruption according to Alt2

3 The case of intra-band CA
In RAN1#104-b, a CR (R1-2103759) for adding the intra-band CCs into the prioritization rules was discussed in [104b-e-NR-7.1CRs-02].
Let us assume the same UE capability as in the previous example, but now B1 allows 2CCs. The configuration is as follows:
	CC
	Band
	Uplink config

	CC1 (source CC)
	B1
	Yes (PUSCH/PUCCH)

	CC1A
	B1
	Yes (PUSCH/PUCCH)

	CC2 (target CC)
	B2
	SRS CS from CC1

	CC3
	B3
	Yes (PUSCH/PUCCH)



According to current specifications, the UE behavior would be as follows:
· UE performs prioritization between CC1 and CC2 (T1/T2).
· CC1A and CC3 may be interrupted (T3)
[image: ]
Figure 3 Current UE behavior for intra-band CA with SRS CS

From RAN1 point of view, it should be clear that for the case of intra-band contiguous CA, CC1A is always interrupted if CC1 is switched, since they both are assumed to share the same Tx chain. Thus, we think that the proposed change in x3759 would be beneficial, since it would allow to perform prioritization between {CC1, CC1A} and CC2. With the change, the UE behavior would be as follows:

[image: ]
Figure 4 UE behavior if CCs in the same band are jointly prioritized (as per CR in x3579).

Proposal 1: For Rel-16, define joint prioritization rules for carriers that are in the same band as the source CC, taking as baseline the CR in R1-2103759.

4 Handling different UE capabilities
In the previous meeting it was also discussed what would be the UE behavior in two separate cases: where the UE reports support of ULCA and SRS CS for the same band combination, and when the UE reports support of ULCA for a given band combination but not for the “switched” band combination. We analyze both cases in the following:
Support of the same band with ULCA and SRS CS

In this case, we would have a UE that would report the following band combinations (assume parameters other than support of uplink in B2 are the same):
	Band combination 1
	Band combination 2

		
	Uplink

	B1
	Yes

	B2
	Switch From B1

	B3
	Yes



		
	Uplink

	B1
	Yes

	B2
	Yes

	B3
	Yes






In this case, the UE is able to perform simultaneous transmission over the 3 bands, but also advertises SRS CS support. If the UE operates in SRS CS, the UE may not need to physically switch one of the RF chains to the other band, but would just need to turn ON/OFF one of the chains (and the switching time may reflect the time it takes to turn ON or OFF the corresponding chain). This may enable an operation where, from RAN1 point of view, the “switching time” creates interruption, but the UE is able to simultaneously transmit in both carriers (note that a similar operation exists with measurement gaps, called network controlled small gaps (NCSG)). The UE behavior in this case would be as follows:
[image: ]
Figure 5 Operation for SRS CS in a band combination that also supports ULCA

Proposal 2: For Rel-16, consider allowing simultaneous transmission in source CC and target CC for the case where the UE supports ULCA for the same band combination.

Support of the SRS CS but no support of “switched” band combination

In this case, the UE indicates support for a band combination with SRS carrier switching, but does not indicate support for the “switched” band combination, as follows:


	Band combination 1
	Band combination 2 (not signaled)

		
	Uplink

	B1
	Yes

	B2
	Switch From B1

	B3
	Yes



		
	Uplink

	B1
	N/A

	B2
	Yes

	B3
	Yes






Our understanding of the current specification is that the fact that the UE does not signal the second band combination does not change the behavior of SRS CS under the first band combination. If the UE is not capable (by hardware limitations) of performing simultaneous transmission in B2 and B3, the UE can use the relaxation introduced by RAN4 in T3 to skip that transmission (although from RAN1 point of view that transmission is happening).

Observation 2: For the case where the UE does not support the “switched” band combination, the UE can skip transmission in the non-supported bands by exploiting the interruption time in TS 38.133.




5 Summary
In this contribution we presented our views on some issues related to SRS carrier switching discussed in RAN1-104b. We made the following observations and proposals:
Observation 1: Under current rules for SRS carrier switching:
· The UE performs prioritization between source and target CCs. RAN1 specifications define which channel the UE SHALL drop
· For CCs other than source and target, RAN4 specifications define an interruption period during which the UE MAY skip transmission.

Proposal 1: Define joint prioritization rules for carriers that are in the same band as the source CC, taking as baseline the CR in R1-2103759.

Proposal 2: Consider allowing simultaneous transmission in source CC and target CC for the case where the UE supports ULCA for the same band combination.

Observation 2: For the case where the UE does not support the “switched” band combination, the UE can skip transmission in the non-supported bands by exploiting the interruption time in TS 38.133.
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