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In RAN1 #96, it was pointed out in R1-190293 [1] that the parameter SRS_capability referenced in TS 38.214 v 15.4.0 did not exist in TS 38.306, and to resolve this issue, the reference to SRS_capability should be removed and replaced by the capabilities defined in Subclause 4.2.7.4 (CA-ParametersNR) in TS 38.306. This was agreed and adopted in TS 38.214 v 15.5.0. However, Subclause 4.2.7.4 in TS 38.306 contains only a part of the capability parameters relevant to SRS carrier-based switching collision handling and hence the specification TS 38.214 is incomplete.
In this contribution, we discuss the potential issues due to the incompleteness of the capability parameters in the current TS 38.214 for SRS carrier-based switching and propose a necessary change to correct the specification. A companion draft CR R1-1909019 [2] is also submitted based on the discussion and proposal of this contribution.
[bookmark: _Ref129681832]Discussion
Relevant specifications and change history
[bookmark: _Toc534728002]In TS 38.214 v 15.4.0, the following was specified:
TS 38.214 v 15.4.0
6.2.1.3	UE sounding procedure between component carriers
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 rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI 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 the SRS_capability [13, TS 38.306].
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 a periodic/semi-persistent SRS whenever periodic/semi-persistent SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier of the serving cell and PUSCH transmission carrying aperiodic CSI 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 the SRS_capability [13, TS 38.306]. 
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 drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI, and/or SRS transmission on another serving cell configured for PUSCH/PUCCH transmission whenever the transmission and SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) on the serving cell 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 the SRS_capability [13, TS 38.306]. 
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 drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI whenever the transmission and aperiodic SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133]) as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier of the serving cell 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 the SRS_capability [13, TS 38.306].
However, the parameter SRS_capability did not exist in TS 38.306. To address the problem, R1-1902593 [1] provided the following reasoning and proposal:
	Reason for change:
	Subclause 6.2.1.3 in 38.214 includes a number of references to SRS_capability in TS 38.306. However, there is no parameter or subclause with this name. As the intention of the reference seems to be a pointer to relevant capability parameters in 38.306 a better reference would be to Subclause 4.2.7.4 (CA-ParametersNR).

	
	

	Summary of change:
	· References to SRS_capability are changed to Subclause 4.2.7.4
· Some editorial corrections (correction of font size, adding “shall”, changing “that can result” to “would result”, changing “can” to “may”, changing wording to “UE does not expect”)

	
	

	Consequences if not approved:
	An incorrect reference to 38.306 remains in 38.214 and correct UE behaviour is unclear


This was agreed in RAN1 #96 and adopted in TS 38.214 v 15.5.0 (and v 15.6.0) as follows:
[bookmark: _Toc4508168]TS 38.214 v 15.5.0, v 15.6.0
6.2.1.3	UE sounding procedure between component carriers
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 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 Subclause 4.2.7.4 of [13, TS 38.306].
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 a periodic/semi-persistent SRS whenever periodic/semi-persistent 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 transmission carrying aperiodic CSI 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 Subclause 4.2.7.4 of [13, TS 38.306]. 
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 drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI, and/or SRS transmission on another serving cell configured for PUSCH/PUCCH transmission whenever the transmission and 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 serving cell 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 Subclause 4.2.7.4 of [13, TS 38.306]. 
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 drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI whenever the transmission and aperiodic 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 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 Subclause 4.2.7.4 of [13, TS 38.306].
On the other hand, TS 38.306 v15.6.0 has the following parameters (full table not included here for brevity):
	TS 38.306 v15.6.0
[bookmark: _Toc12750896]4.2.7.4	CA-ParametersNR
csi-RS-IM-ReceptionForFeedbackPerBandComb
diffNumerologyAcrossPUCCH-Group
diffNumerologyWithinPUCCH-GroupLargerSCS
diffNumerologyWithinPUCCH-GroupSmallerSCS
dualPA-Architecture
parallelTxSRS-PUCCH-PUSCH
parallelTxPRACH-SRS-PUCCH-PUSCH
simultaneousCSI-ReportsAllCC
simultaneousRxTxInterBandCA
simultaneousRxTxSUL
simultaneousSRS-AssocCSI-RS-AllCC
supportedNumberTAG


As we will see in the next subsection, issues will arise based on the latest specifications, and therefore, further corrections are needed.
Reason for change
Although the change made in TS 38.214 v 15.5.0 resolved the problem of the nonexistent parameter SRS_capability, it introduces new problems. The reference to Subclause 4.2.7.4 (CA-ParametersNR) of TS 38.306 erroneously limits the capability parameters applicable to SRS carrier-based switching collision handling, which may cause unknown/erroneous UE/gNB behavior. 
For SRS carrier-based switching collision handling to operate correctly, as specified in TS 38.214, the UE shall drop certain transmissions under the condition “that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability”. The UE’s indicated uplink carrier aggregation capability may be included in Subclause 4.2.7.1 (BandCombinationList parameters), 4.2.7.2 (BandNR parameters), etc., in TS 38.306, and not just in Subclause 4.2.7.4 (CA-ParametersNR). In fact, some of the capability parameters most critical to SRS carrier-based switching are not in Subclause 4.2.7.4, as we will see in below examples. Therefore, the current TS 38.214 limiting the capability to be only Subclause 4.2.7.4 of TS 38.306 is incomplete.
Some examples of capabilities not covered in Subclause 6.2.1.3 of TS 38.214 v 15.5.0, to list only a few:
· Example 1
ca-BandwidthClassUL-NR
Defines for UL, the class defined by the aggregated transmission bandwidth configuration and maximum number of component carriers supported by the UE, as specified in TS 38.101-1 [2] and TS 38.101-2 [3]. When all FeatureSetUplinkId:s in the corresponding FeatureSetsPerBand are zero, this field is absent.
This capability is in Subclause 4.2.7.1 of TS 38.306. 
Suppose a UE reports it supports at most 2 CCs for UL CA. The gNB configures UL (PUSCH/PUCCH) on CC1 and CC2 but not on CC3, and SRS transmission on CC3 is via carrier-based switching. However, when configuring/triggering SRS carrier-based switching, the gNB may not check this capability limitation (since it is not included in 6.2.1.3 of TS 38.214) and instruct the UE to perform a SRS carrier-based switching to transmit SRS on CC3 at a time when both CC1 and CC2 need to transmit in UL. The UE cannot perform all 3 transmissions at the same time as the UE’s CA capability allows at most 2 at a time. This becomes a collision. On at least one of the 3 CCs, the transmission shall be dropped to meet the UE’s capability limitation, based on, e.g., the priority rules known by both the UE and gNB. However, this is not covered by the current TS 38.214. Consequently, the UE may not invoke the collision handling mechanism, and attempting to transmit on all the 3 CCs at the same time may cause some or all transmissions to be transmitted with erroneous parameters such as at wrong power levels, with wrong timings, at wrong frequencies. The UE may also drop the transmission of one CC based on its implementation which is unknown to the gNB. The gNB may not anticipate the collision and still expect all transmissions. When some or all transmissions (e.g., A/N, RI/CRI, PRACH, PUSCH/PUCCH, SRS) are not received by the gNB, data transmissions may fail, HARQ process may be interrupted, and so on. 
Note that the above problem may affect not only UL but also DL, as the RF retuning in SRS carrier-based switching may impact both DL and UL. Furthermore, this may occur periodically as the SRS carrier-based switching may be periodic, causing considerable issues to the network and UE.
· Example 2
intraBandFreqSeparationUL
Indicates UL frequency separation class the UE supports, which indicates a maximum frequency separation between lower edge of lowest CC and upper edge of highest CC in a frequency band, for intra-band non-contiguous CA. The UE sets the same value in the FeatureSetUplink of each band entry within a band. The values c1, c2 and c3 corresponds to the values defined in TS 38.101-2 [3]. It is mandatory to report for UE which supports UL non-contiguous CA in FR2.
This capability is in Subclause 4.2.7.7 of TS 38.306. 
Suppose a UE reports that it supports UL non-contiguous CA with a limitation associated with intraBandFreqSeparationUL. When such a limitation may be exceeded in a potential SRS carrier-based switching, the UE shall perform collision handling. However, since intraBandFreqSeparationUL is not in Subclause 4.2.7.4 of TS 38.306, based on the current TS 38.214 the UE would not perform any collision handling. Unexpected and erroneous UE/gNB behavior may occur.
Observation: TS 38.214 reference to Subclause 4.2.7.4 (CA-ParametersNR) of TS 38.306 erroneously limits the capability parameters applicable to SRS carrier-based switching collision handling, which may cause unknown/erroneous UE/gNB behavior.
Proposed change
Since all the UE's indicated capabilities can potentially limit SRS carrier-based switching, the changes to TS 38.214 are to remove the mention of Subclause 4.2.7.4, and generally refer to TS 38.306. The proposed changes are as follows:
TS 38.214
6.2.1.3	UE sounding procedure between component carriers
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 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 Subclause 4.2.7.4 of [13, TS 38.306].
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 a periodic/semi-persistent SRS whenever periodic/semi-persistent 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 transmission carrying aperiodic CSI 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 Subclause 4.2.7.4 of [13, TS 38.306]. 
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 drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI, and/or SRS transmission on another serving cell configured for PUSCH/PUCCH transmission whenever the transmission and 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 serving cell 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 Subclause 4.2.7.4 of [13, TS 38.306]. 
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 drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI whenever the transmission and aperiodic 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 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 Subclause 4.2.7.4 of [13, TS 38.306].
The change is also captured in the companion draft CR R1-1901019 [2].
Alternatively, TS 38.214 may be changed to referring to Subclause 4.2.7 of TS 38.306 which is more specific (however more limiting) than the change provided above. We slightly prefer not to specify the subclause 4.2.7, which could be more future-proof if other UE capability limitations are introduced later and affect the collision handling.
The isolated impact analysis for this change is as follows:
· It is expected that any existing and future UE implementations would consider all UE capability limitations (and not only those in 4.2.7.4) and therefore would already be in line with the proposed change. However, if it happened that only gNB is implemented according to the CR R1-1901019 and the UE is not, then gNB’s expected collision handling outcome from UE may be different from what is done by UE.  For example, the gNB expects the UE to drop transmission on CC2 but keep transmission on CC1. But the UE keeps the transmission on CC2 and drops that on CC1. The gNB will consider the transmission on CC1 lost and the UE will consider the transmission on CC2 lost.
· If only UE is implemented according to the CR and gNB is not: UE drops a transmission but gNB still expects it. The gNB will consider the transmission lost.
Proposal: Change the TS 38.214 reference to “Subclause 4.2.7.4 (CA-ParametersNR) of TS 38.306” to “TS 38.306” as proposed in draft CR R1-1909019.
Conclusion
In this contribution, we reviewed the specifications relevant to SRS carrier-based switching collision handling capability parameters and the specification change history, which shows how an incompleteness issue was introduced. We analyzed some potential consequences of the issue. We have the following observation and proposal:
[bookmark: _GoBack]Observation: TS 38.214 reference to Subclause 4.2.7.4 (CA-ParametersNR) of TS 38.306 erroneously limits the capability parameters applicable to SRS carrier-based switching collision handling, which may cause unknown/erroneous UE/gNB behavior.
Proposal: Change the TS 38.214 reference to “Subclause 4.2.7.4 (CA-ParametersNR) of TS 38.306” to “TS 38.306” as proposed in draft CR R1-1909019.
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