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1. Introduction
In RAN1 #106-e, and RAN1 #107-e meeting, the following agreements on SRS carrier switching were reached.
	Agreements from RAN1 #106-e
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.

Agreements from RAN1 #107-e
Conclusion
Regarding SRS carrier switching priority rules:
· 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.
· 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. 
· 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).
· FFS: whether spec change is needed



In this contribution, we provide our views on the SRS carrier switching operation.
2. Discussion on SRS carrier switching
2.1 Timeline operation for SRS carrier switching
In RAN1 #107-e meeting, it was agreed that individual timeline operation is applied for each triggered SRS resource set. One FFS point is whether spec change is needed.
In our understanding, the current spec is not clear on whether individual timeline operation is applied for each triggered SRS resource set. The paragraph on timeline operation from 38.214 is copied as below.
	[bookmark: _Toc11352160][bookmark: _Toc20318050][bookmark: _Toc27299948][bookmark: _Toc29673222][bookmark: _Toc29673363][bookmark: _Toc29674356][bookmark: _Toc36645586][bookmark: _Toc45810635][bookmark: _Toc90388122][bookmark: _Hlk95393127]6.2.1.3	UE sounding procedure between component carriers
…
For an SRS transmission starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
-	semi-persistent CSI reports or SRS considered active at least  symbols and an additional time duration  before , and considered active at least  symbols before .
where , and the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and their corresponding scheduling cells.
…


From the spec text, it can be observed that the term of “an SRS transmission” is used when describing the timeline operation. However, the term of “an SRS transmission” is not clear. It can be interpreted as an SRS resource, an SRS symbol, or an SRS resource set.
Therefore, to make the spec clear and align with the agreement, the term “an SRS transmission” can be changed into “an SRS resource set transmission”.
Proposal 1:
· Adopt the following spec change for SRS carrier switching timeline operation.
	6.2.1.3	UE sounding procedure between component carriers
…
For an SRS resource set transmission an SRS transmission starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
-	semi-persistent CSI reports or SRS considered active at least  symbols and an additional time duration  before , and considered active at least  symbols before .
where , and the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and their corresponding scheduling cells.
…



2.2 UE behaviour between two SRS resource sets for carrier switching
In RAN1 #106-e meeting, it was discussed on the UE behavior when multiple SRS resource sets for carrier switching are triggered by the same DCI. There are four alternatives on the UE behavior during the period between the SRS resource sets.
· 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 our understanding, firstly the UE behavior can’t be up to UE implementation. If it is up to UE implementation, when the time period between SRS resource sets is larger than the RF tuning time, the gNB doesn’t know whether the UE can be scheduled with other uplink transmission over the source CC, since whether the UE is on the source CC is not known to the gNB.
Regarding Alt 2, the UE always stay in target CC. If the time period between SRS resource sets is larger than the RF tuning time, since the UE still stays in target CC, it’s not possible for the gNB to schedule uplink transmission over source CC leading to performance loss.
Regarding Alt 4, if the UE switches back to source CC between SRS resource sets, when the time period between SRS resource sets is smaller than RF tuning time, it’s not possible for the UE to transmit the next SRS resource set since the time is not sufficient to switch to the target CC.
Therefore, it is preferred that if the time period between the SRS resource sets is smaller than the required RF switching time, 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 the first SRS resource set. Figure 1 and Figure 2 show example of the corresponding operation.


[bookmark: _Ref78968831]Figure 1 SRS carrier switching operation (time between SRS sets larger than RF tuning time)


[bookmark: _Ref78968946]Figure 2 SRS carrier switching operation (time between SRS sets smaller than RF tuning time)
One issue discussed in previous meeting is whether current spec supports Alt 3 or Alt 4 operation.
1. Whether Alt 4 is current spec operation
Some company think Alt 4 is the current spec operation as shown by the spec text below.
	6.2.1.3	UE sounding procedure between component carriers
…
For n-th (n ≥ 1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided
-	it is no earlier than the summation of
-	the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of cell c and the cell carrying the grant respectively, and
-	the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR,
-	it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit of symbols, between the DCI triggering and aperiodic SRS transmission.
…


However, in our understanding, the spec text above just specifies whether n-th aperiodic SRS resource set should be transmitted or not. It doesn’t specify whether the UE should switch back to the source CC after transmitting one SRS resource set when multiple SRS resource sets are triggered by the same DCI.
In addition, Alt 3 can also fulfil the operation as specified above. For example, when the interval between two SRS resource sets is smaller than the required RF tuning time, the UE stays in the target CC after transmitting the first SRS resource set. When determining whether the second SRS resource set should be transmitted, since UE stays in the target CC and there is no need to do RF tuning, then the second SRS resource set could be transmitted (because it doesn’t collide with the first SRS resource set and doesn’t collide with RF tuning time).
Another point is that the term of “an aperiodic SRS transmission” is also confusing. It’s not clear whether it means the transmission of an SRS resource, an SRS symbol, or an SRS resource set.
2. Whether Alt 3 is current spec operation
Some company think Alt 3 is current spec operation as shown by the spec text below. The interpretation is whether UE switches back to source or stay on the target depends on the time period between the SRS resource sets.
	6.2.1.3	UE sounding procedure between component carriers
…
[bookmark: _Hlk95397290]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.
…


However, in our understanding, the term of “SRS transmission” in the paragraph above is also confusing. Whether it means an SRS symbol, an SRS resource or an SRS resource set is not clear and should be clarified.
In addition, we think the above paragraph applies to one SRS resource set (assuming that SRS transmission means an SRS resource set). It doesn’t specify the UE behaviour between two SRS resource sets triggered by one DCI.
Therefore, we have the following observations and proposal.
Observation 1:
· For SRS carrier switching, when multiple SRS resource sets are triggered by one DCI, the UE behavior between two SRS resource sets is not clear according to the current spec and should be clarified.
Observation 2:
· In current spec of 38.214, the term of “an SRS transmission” in Section 6.2.1.3 is confusing.
Proposal 2:
· When multiple aperiodic SRS resource sets for carrier switching are triggered by the same DCI, support Alt. 3 regarding UE behavior between two SRS resource sets.

3. Conclusion
In conclusion, we have the following observations and proposals on SRS carrier switching operation.
Proposal 1:
· Adopt the following text change for SRS carrier switching timeline operation in 38.214.
	6.2.1.3	UE sounding procedure between component carriers
…
For an SRS resource set transmission an SRS transmission starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
-	semi-persistent CSI reports or SRS considered active at least  symbols and an additional time duration  before , and considered active at least  symbols before .
where , and the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and their corresponding scheduling cells.
…



Observation 1:
· For SRS carrier switching, when multiple SRS resource sets are triggered by one DCI, the UE behavior between two SRS resource sets is not clear according to the current spec and should be clarified.
Observation 2:
· In current spec of 38.214, the term of “an SRS transmission” in Section 6.2.1.3 is confusing.
Proposal 2:
· When multiple aperiodic SRS resource sets for carrier switching are triggered by the same DCI, support Alt. 3 regarding UE behavior between two SRS resource sets.
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