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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 RAN1#105-e the discussion continued, and the following agreements were reached:
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 RAN1#106-e there was no progress on the issues above, but a new issue was discussed regarding how to handle the triggering of multiple CC, and the following agreements were reached.

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

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.



In RAN1#107, the following was agreed:
Conclusion
Regarding SRS carrier switching priority rules:
1. For Rel-16, it is concluded that no modification in specifications should be made to clarify the current UE behaviour or to introduce a new UE behaviour regarding SRS carrier switching priority rules.
1. For releases later than Rel-16, it is concluded to consider introducing a new UE capability for indicating simultaneous transmission while switching, and/or clarify the UE behaviour in the case of intra-band CA. 
1. Note: If introduced, the new UE capability should always assume no simultaneous transmission while SRS carrier switching for the bands in the band combinations that are signalled to not support simultaneous transmission within BandCombinationList-UplinkTxSwitch.

Agreement
When multiple SRS resource sets for carrier switching are triggered by the same DCI, individual timeline is applied to each triggered SRS resource set (Alt 1 in RAN1 106-e agreement).
1. FFS: whether spec change is needed


In this contribution we present our views on the above issues. 
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.

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 1 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 2 UE behavior if CCs in the same band are jointly prioritized (as per CR in x3579).

Proposal 1: For Rel-17, 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 of cases other than intra-band CA
In RAN1#105-e, several companies expressed that the capability of simultaneous transmission in bands other than the target CC could be derived based on the signaled uplink CA capability. In the following, we will show that such capability does not exist explicitly in current ASN.1 signaling, and that deriving it implicitly based on other band combination presents several issues.
First, consider the following case as an example:
· B1: DL + UL
· B2: DL only, SRS CS from B1
· B3: DL + UL
Let’s denote this band combination as BC1={B1[D+U], B2[D+switch from B1], B3[D+U]}.
For this particular band combination (entry in bandCombionationList), the UE would signal 3 bands, indicating that B1/2/3 have downlink (i.e., including the IE ca-BandwidthClassDL-NR), B1/3 have uplink (i.e., including the IE ca-BandwidthClassUL-NR) and B2 does not (i.e., not including the IE ca-BandwidthClassUR-NR). An example with the signaling for this band can be found in the appendix.
Given this capability, there is no way to indicate that, while operating in BC1, when the UE switches from B1 to B2 it cannot simultaneously transmit in B3.
Observation 2: There is no explicit capability in current ASN.1 indicating that, while operating in a band combination with SRS carrier switching, the UE cannot perform simultaneous transmission in the target band and a third band (other than the source and target).
One possibility would be to indicate the above capability in an implicit way by signaling a separate band combination. For example, the UE may signal that it supports BC2 = {B1[D], B2[D+U], B3[D+U]}, and from this capability the gNB may infer that the UE supports simultaneous transmission in B2 and B3 while switching. This approach of signaling a dummy band combination, however, has the following issues:
1. Issue 1: By signaling the above, the UE now shall support BC2 with ULCA – there is no way to indicate that BC2 is a “dummy” band combination that is just included to signal support of simultaneous transmission during SRS carrier switching in BC1. Thus, the UE must be tested against this band combination in case a future gNB wants to enable it. It is possible that no operator in the deploys this band combination, so testing is not possible.
 
2. Issue 2: Even if we ignore issue 1, the signaling is much more complicated than what has been shown above. In the above example, a band combination is depicted as a combination of bands, but it is more than that: It is a combination of bands with a corresponding combination of features. A typical example is when the UE is baseband limited, and indicates support of different number of layers for different band combinations (or any other features, e.g. support of timelines, CSI processes, etc.). When we say “BC2 is the switched version of BC1”, not only the bands have to be compatible (as above), but also all the capabilities have to be compatible. This makes the definition of “switched band combination” very complicated.
 
3. Issue 3: When the UE reports capabilities, it may not include all the band combinations (this is typically set by handset manufacturers, and there may be further filtering depends on the request by gNB). In this case, even if the UE supports BC2 by hardware, it may not include BC2 in the capability report.
In view of the above, we conclude that the “implicit method” has several issues and should be avoided.
Observation 3: Using an implicit method (based on a separate band combination) to determine support of simultaneous transmission during SRS CS has several issues and should be avoided.
For the issue of handling UEs that may not be capable of simultaneous transmission while switching (e.g. B2 and B3 in BC1), the following solutions are possible:
1. Solution 1: No specification change, the UE will drop B3 (as allowed by current RAN4 specifications). This has the drawback that B3 is not taken into account for prioritization.
2. Solution 2: Introduce a new UE capability that explicitly indicates whether the UE is capable of simultaneous transmission while switching.
In view of the points above, we make the following proposal.
Proposal 3: RAN1 concludes that current ASN.1 does not include a capability to indicate “beyond UE’s indicated uplink CA capability”
· Based on current specification, UEs not supporting simultaneous transmission in the target band and a third band (other than source and target bands) are allowed to drop transmissions in the third band (per RAN4 requirements)

5 New capability for inter-band CA
In previous meetings, one of the contentious issues was how to handle cases other than intra-band CA. As explained in the previous sections, the current specification (RAN4) allows the UE to drop transmissions in other carriers than the source CC, but this behavior is not captured by the RAN1 specification (either in timelines or dropping rules). Additionally, the current capability signaling cannot be used to derive whether the UE will or will not drop the transmissions in other CCs while switching. Therefore, the gNB has no way of knowing what CCs the UE may drop, which may hinder operation in some cases.
If a new capability is to be introduced to indicate which bands other than source are affected by the switch, the following design is proposed:
· For each switching pair (as indicated by srs-SwitchingTimesListNR), the UE may optionally include a list of bands in the band combination which are affected by that switch. Thus, the indication is “per band per band pair” (e.g. if the UE switches from B1->B4, the affected bands are B2 and B5).
· If the UE indicates this list of bands, the UE shall apply the dropping / timeline rules to the set of bands instead to only the source CC. This requires an update of RAN1 specifications.
Proposal 4: If a new capability for cases other than intra-band CA is to be introduced in Rel-17, the design should be as follows:
1) For each “source-target” pair (as indicated by srs-SwitchingTimesListNR), the UE can indicate which other bands in the band combination are affected by the SRS switch. If this new indication is missing, the UE defaults to Rel-15 behavior.
2) If the UE indicates the new list of bands, the dropping rules / timelines apply to the bands indicated by the list (requires update in RAN1 specs).

In the following ASN.1, we show a possible implementation of this new capability (comments in red)
BandParameters-v1540 ::=            SEQUENCE {  <this is signaled per band in the band combination>
    srs-CarrierSwitch                   CHOICE {
        nr                                  SEQUENCE {
            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR
        },
        eutra                               SEQUENCE {
            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA
        }
    }                                                                              OPTIONAL,
    srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}
<new capability, per band of band combination like BandParameters-v1540 >
BandParameters-v17xy ::=		Srs-SwitchingInterruptionListNR SEQUENCE (SIZE (1..maxSimultaneousBands)) of SRS-Interruption-v17xy
SRS-Interruption-v17xy ::= 	SEQUENCE(SIZE (1..maxSimultaneousBands)) of BOOLEAN <1 if interrupted, 0 if not interrupted>



For instance, consider the following example:
· Band combination BC1={B1[D+U], B2[D+switch from B1], B3[D+U], B4[D+switch from B3 or B1]}.
If the UE wants to indicate that a switch from B1 to B2 interrupts B3 and B4, switching from B1 to B4 interrupts B3, but a switch from B3 to B4 doesn’t interrupt anything, the singaling would be as follows:

B1:
· srs-SwitchingTimesListNR = {NULL, <switching time to B2>, NULL, <switching time to B4>}
· Srs-SwitchingInterruptionListNR <contains as many elements as non-NULL elements in srs-SwitchingTImesListNR>:
· Srs-SwitchingInterruptionListNR[1] = {0, 0, 1, 1}  First switch (B1B2) interrupts B3 and B4.
· Srs-SwitchingInterruptionListNR[2] = {0, 0, 1, 0}  Second switch (B1B4) interrupts B3.

B3:
· srs-SwitchingTimesListNR = {NULL, <switching time to B4>}
· Srs-SwitchingInterruptionListNR <contains as many elements as non-NULL elements in srs-SwitchingTImesListNR>:

· Srs-SwitchingInterruptionListNR[1] = {0, 0, 0, 0}  First and only switch (B3B2) doesn’t interrupt anything.


RAN2 can decide to further optimize the signaling when implementing the new capability, e.g. not including source and target CC in each of the Srs-SwitchingInterruptionListNR (instead of 4 bands, we would only include the 2 other bands).

6 Summary
In this contribution we presented our views on some issues related to SRS carrier switching discussed in previous meetings. 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: For Rel-17, define joint prioritization rules for carriers that are in the same band as the source CC, taking as baseline the CR in R1-2103759.

Observation 2: There is no explicit capability in current ASN.1 indicating that, while operating in a band combination with SRS carrier switching, the UE cannot perform simultaneous transmission in the target band and a third band (other than the source and target).

Observation 3: Using an implicit method (based on a separate band combination) to determine support of simultaneous transmission during SRS CS has several issues and should be avoided.

Proposal 3: RAN1 concludes that current ASN.1 does not include a capability to indicate “beyond UE’s indicated uplink CA capability”
· Based on current specification, UEs not supporting simultaneous transmission in the target band and a third band (other than source and target bands) are allowed to drop transmissions in the third band (per RAN4 requirements)

Proposal 4: If a new capability for cases other than intra-band CA is to be introduced in Rel-17, the design should be as follows:
1) For each “source-target” pair (as indicated by srs-SwitchingTimesListNR), the UE can indicate which other bands in the band combination are affected by the SRS switch. If this new indication is missing, the UE defaults to Rel-15 behavior.
2) If the UE indicates the new list of bands, the dropping rules / timelines apply to the bands indicated by the list (requires update in RAN1 specs).

Appendix: ASN.1 example for BC1
The following ASN.1 examples (comments in red) include the BandParameters (3 entries, one per band) the UE will include to signal the band combination BC1 described in Section 4.

First entry:
BandParameters ::= CHOICE {
     eutra SEQUENCE {
          bandEUTRA                 FreqBandIndicatorEUTRA,
        * ca-BandwidthClassDL-EUTRA CA-BandwidthClassEUTRA OPTIONAL,
        * ca-BandwidthClassUL-EUTRA CA-BandwidthClassEUTRA OPTIONAL
     },
     nr SEQUENCE {
          bandNR                 FreqBandIndicatorNR, è B1
        * ca-BandwidthClassDL-NR CA-BandwidthClassNR OPTIONAL, è Present (indicates the UE supports DL in this band)
        * ca-BandwidthClassUL-NR CA-BandwidthClassNR OPTIONAL è Present (indicates the UE supports UL in this band)
     }
}
 
Second entry:
BandParameters ::= CHOICE {
     eutra SEQUENCE {
          bandEUTRA                 FreqBandIndicatorEUTRA,
        * ca-BandwidthClassDL-EUTRA CA-BandwidthClassEUTRA OPTIONAL,
        * ca-BandwidthClassUL-EUTRA CA-BandwidthClassEUTRA OPTIONAL
     },
     nr SEQUENCE {
          bandNR                 FreqBandIndicatorNR, è B2
        * ca-BandwidthClassDL-NR CA-BandwidthClassNR OPTIONAL, è Present (indicates the UE supports DL in this band)
        * ca-BandwidthClassUL-NR CA-BandwidthClassNR OPTIONAL è Absent (no UL in this band)
     }
}
 
Third entry:
BandParameters ::= CHOICE {
     eutra SEQUENCE {
          bandEUTRA                 FreqBandIndicatorEUTRA,
        * ca-BandwidthClassDL-EUTRA CA-BandwidthClassEUTRA OPTIONAL,
        * ca-BandwidthClassUL-EUTRA CA-BandwidthClassEUTRA OPTIONAL
     },
     nr SEQUENCE {
          bandNR                 FreqBandIndicatorNR, è B3
        * ca-BandwidthClassDL-NR CA-BandwidthClassNR OPTIONAL, è Present (indicates the UE supports DL in this band)
        * ca-BandwidthClassUL-NR CA-BandwidthClassNR OPTIONAL è Present (indicates the UE supports UL in this band)
     }
}
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