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[bookmark: _Ref129681832]In RAN1 #90bis meeting, the following agreements on SRS switching among CCs (also commonly referred as SRS carrier-based switching) were achieved:
Agreements:
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
· TA (through PRACH) on TAG without PUSCH/PUCCH configured
· Power control separated from that of PUSCH
· Group common DCI for aperiodic SRS triggering and TPC
· DL/UL interruptions and collision handling due to SRS switching
Based on these agreements, details and RRC parameters (see R1-1721581) for SRS switching among CCs were provided and standardized in TS 38.212, TS 38.213, TS 38.214, and TS 38.331. 
In this contribution we clarify a few remaining details and suggest text proposal for SRS switching among CCs.
Clarifications and corrections
Clarification of the terminology “PUSCH-less SRS”
In Rel-14, the term “PUSCH-less SRS” refers to SRS on a TDD SCell not configured for PUSCH/PUCCH transmission, and all designs for PUSCH-less SRS are targeted for such SCells, such as the group DCI design. In Rel-15, however, the group DCI may be used for a SCell configured for PUSCH, but the SRS power control and PUSCH power control on the SCell are not tied:
Agreement: 
For the serving cell configured with PUSCH, SRS closed loop process in the case the SRS is not tied with PUSCH supports separate h_SRS,c(i)
Accumulative TPC and absolute TPC are both supported and separately configured from PUSCH  
Accumulative or absolute TPC command is sent on group DCI with TPC-SRS-RNTI
To accommodate this, the term “PUSCH-less SRS” can still be used but extended to cover the above case. Also note that TDD is no longer defined in NR, and differentiation of UL and SUL is introduced. Therefore, when referring to “PUSCH-less SRS” in NR, it means the following:
1) Case 1: The SRS configuration and transmission on an uplink of a serving cell not configured for PUSCH/PUCCH transmission, or 
2) Case 2: The SRS configuration and transmission on an uplink of a serving cell configured for PUSCH transmission but the SRS power control is not tied with PUSCH power control. This configuration is done via higher layer parameter srs-pcadjustment-state-config if it indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions.
Note that Case 1 involves SRS carrier switching (which generally requires RF retuning) but Case 2 does not (which does not require RF retuning, or can be seen as zero RF retuning time). Accordingly, the standards should be updated to align with above understanding, though the general terms “SRS carrier-based switching” or “SRS switching among CCs” can still be used but interpreted based on context.
Clarification on the switching-from cell
The UE behavior on a switching-from cell (aka source cell) is not described, though it is defined in TS 36.331 as srs-SwitchFromServCellIndex.  To clarify this, a TP for 38.214 is provided. In addition, as a serving cell with UL and SUL is introduced, it is more accurate to refer to “carrier”, “uplink carrier of a serving cell”, or “uplink” rather than “serving cell” in some places. The corrections are made in the attached TP.
Clarification on protection of SS/PBCH/SIB in 38.214
In Rel-14, it is supported that a UE is not expected to be configured with SRS resource(s) such that SRS switching and transmission time may collide with its PDCCH monitoring in subframe 0 or 5. In essence, it is to protect system information. In TS36.133, 8.3.1, it further requires:
The UE capable of SRS carrier based switching, when configured to perform SRS transmission and/or RACH transmission over one or more SCells without PUSCH shall meet the requirements defined in Section 8.3 provided the following condition is met:
-	at least DL subframe #0 or DL subframe #5 per radio frame is available for measurements at the UE in the measured cell.
Therefore, in LTE, sync signals and RS for RRM measurement are also protected. In NR, these are not associated with subframe 0 or 5, but the same principle can apply, i.e., to protect SS/PBCH/SIB.
The protection of SS/PBCH/SIB from SRS switching is not captured in 38.214. The corresponding changes are suggested in the appendix.
Clarification on UE-group common signaling DCI format 2_3 for SRS switching in 38.213 and 38.212
The UE-group common signaling DCI format 2_3 is sent in common search space (CSS). In Rel-14, CSS definition is quite simple and no special parameters need to be configured for monitoring CSS, but in NR Rel-15, CSS is more complicated and RRC parameters need to be specified for monitoring CSS. In TS 38.213, 11.3, v2.0.0, it describes some CSS parameters. However, some parameters are not needed as they are already incorporated into the DCI design. For example, “a mapping for a serving cell to a field in DCI format  2_3 by higher layer parameter SRS-cell-to-SFI” is not needed as the UE can find its field(s) by startingBitOfFormat2_3. The corresponding changes are suggested in the appendix.
In addition, in 38.212, the SRS request field presence should refer to Section 11.3 of 38.213, and the field interpretation should refer to Table 7.3.1.1.2-24. These corrections are captured in the appendix.
Clarification on SRS flexible timing
In Rel-14, SRS flexible timing may be configured for A-SRS triggered by DL grant, i.e., if SRS switching is colliding with A/N, it is postponed once to the next configured SRS transmission opportunity. This helps avoid collision between A/N and SRS switching associated with the same DL grant. However this feature was not included in the RRC list of parameters in R1-1721581 as SRS request in DL grant was not discussed. In RAN1#91, it then decided that:
Agreement:
Both downlink and uplink DCIs contain an SRS request field.
[bookmark: _GoBack]Therefore, this feature should be supported. A TP for TS 38.214 is provided.
Discussions
Clarification on some collision handling aspects in 38.214
In Rel-14, it is supported that A/N, SR, RI/PTI/CRI, PRACH > Rel-14 A-SRS > other A-periodic CSI > Rel-14 P-SRS > other CSI > Legacy SRS. This can be largely reused, with further consideration of SP-SRS, SP CSI, and other SRS related designs already introduced in NR Rel-15. 
For example, in TS 38.214, 6.2.1, v2.0.0, it specifies:
A UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with short PUCCH carrying only CSI reports, or if aperiodic SRS is configured and short PUCCH consists of beam failure request. In the case that SRS is not transmitted due to overlap with short PUCCH, only the SRS symbol(s) that overlap with short PUCCH symbol(s) are dropped. Short PUCCH shall not be transmitted when aperiodic SRS happens to overlap in the same symbol with semi-persistent or periodic short PUCCH carrying semi-persistent/periodic CSI report only.
A UE is not expected to be configured with aperiodic SRS and short PUCCH with aperiodic CSI report in the same symbol. 
A UE is not expected to be configured with SRS and PUSCH/UL DMRS/UL PTRS/Long PUCCH in the same symbol.
In other words, it specifies S-PUCCH-CSI > SP/P-SRS, and S-PUCCH-BFR > A-SRS > SP/P S-PUCCH-SP/P-CSI. These rules should be combined with Rel-14 priority list. Also Rel-15 defines that A-SRS and S-PUCCH-AP-CSI do not occur on the same symbol, and SRS and PUSCH/UL DMRS/UL PTRS/L-PUCCH do not occur on the same symbol. Although this avoid collision between SRS transmission and some other transmissions, the RF retuning time associated with SRS switching may still collide with those other transmissions and hence collision handling needs to be standardized. 
Combining the above, the following is then proposed: 	A/N, SR, RI/PTI/CRI, PRACH, S-PUCCH-BFR > A-SRS > other A-periodic CSI, S-PUCCH-CSI > PUSCH-less SP/P-SRS > other CSI > other SRS.
To summarize, we have the following proposal:
Proposal 1: For collision handling, support
· A/N, SR, RI/PTI/CRI, PRACH, S-PUCCH-BFR > A-SRS > other A-periodic CSI, S-PUCCH-CSI > PUSCH-less SP/P-SRS > other CSI > other SRS.
Clarification on high-frequency RF retuning time reporting
The RF retuning time reporting for at least sub-6 GHz is clearly defined, that is, it takes value in {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3, n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5, n7, …, spare, ...}, where the step size is half-symbol duration and the upper limit is 28 symbols for 60 kHz subcarrier spacing, covering 0.5 ms range (see the RRC list of parameters in R1-1721581). However, for high frequency, if the same range of 0.5 ms is to be covered, then more half-symbol durations need to be reported, i.e., the upper limit will be 112 symbols for 240 kHz subcarrier spacing, with {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3, n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5, n7, …, n112, spare, ...}, which requires 7 bits.
Proposal 2: For above 6GHz, RF retuning time reporting is based on the number of half OFDM symbols corresponding to 240 kHz SCS, with 7 bits.
Conclusions
Based the discussions above, we have the following proposals:
Proposal 1: For collision handling, support
· A/N, SR, RI/PTI/CRI, PRACH, S-PUCCH-BFR > A-SRS > other A-periodic CSI, S-PUCCH-CSI > PUSCH-less SP/P-SRS > other CSI > other SRS.
Proposal 2: For above 6GHz, RF retuning time reporting is based on the number of half OFDM symbols corresponding to 240 kHz SCS, with 7 bits.
Text proposals for the specifications are at the end of this contribution.
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Text proposal:

38.214
[bookmark: _Toc501048223]------------------------------------------ Start of Text Proposal ----------------------------------------------
---------------------------------------- Unchanged parts omitted --------------------------------------------
6.2.1.3	UE sounding procedure between component carriers
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 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 rf-RetuningTimeUL and rf-RetuningTimeDL), uplink transmission is interrupted on carrier c2.
If the UE is not configured for PUSCH/PUCCH transmission on carrier c1 with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on carrier c1 and serving cell c2, the UE is not expected to be configured or indicated with SRS resource(s) such that 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 rf-RetuningTimeUL and rf-RetuningTimeDL) would collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by [SystemInformationBlockType0] or [SystemInformationBlockType1] on serving cell c2.
For a UE configured with SRS resource(s) on a carrier not configured for PUSCH/PUCCH transmission, and configured with soundingRS-FlexibleTiming by higher layer signaling, if the UE receives a positive SRS request in DCI format 1_1 scheduling PDSCH, and if the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in the first SRS candidate slot [4, TS 38.211] happens to overlap with a HARQ-ACK transmission for any serving cell, the UE shall commence SRS transmission in the next SRS candidate slot.
For a carrierserving 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 carrierserving 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 carrierserving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit a type 0 SRS whenever type 0 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 carrierserving 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 carrierserving 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 carrierserving 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 carrierserving 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 carrierserving 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 type 1 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 carrierserving 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].
----------------------- End of Text Proposal --------------------------

38.212
------------------------------------------ Start of Text Proposal ----------------------------------------------
---------------------------------------- Unchanged parts omitted --------------------------------------------
7.3.1.3.3 Format 2_3 
[bookmark: historyclause][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK6][bookmark: OLE_LINK7]DCI format 2_3 is used for the transmission of a group of TPC commands for SRS transmissions by one or more UEs. Along with a TPC command, a SRS request may also be transmitted. 
The following information is transmitted by means of the DCI format 2_3:
-	Identifier for DCI formats – [1] bits

-	block number 1, block number 2, …, block number 
	where the starting position of a block is determined by the parameter startingBitOfFormat2_3 provided by higher layers for the UE configured with the block. 
For an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in section Section 11.3x.x of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-245.
-	TPC command number –2 bits
--------------------------- End of Text Proposal --------------------------
38.213
------------------------------------------ Start of Text Proposal ----------------------------------------------
---------------------------------------- Unchanged parts omitted --------------------------------------------
11.3	SRS switching
If a UE is configured by higher layers with parameter SRS-TPC-PDCCH-Config, the UE is configured with a TPC-SRS-RNTI provided by higher layer parameter srs-TPC-RNTI and with a set of serving cells by higher layer parameter SRS-monitoring-cells for monitoring PDCCH conveying DCI format 2_3 with CRC scrambled by TPC-SRS-RNTI. Per serving cell the UE is configured 
-	control resource set(s) and respective search space sets  for monitoring PDCCH with DCI format 2_3;
-	a mapping for a serving cell to a field in DCI format  2_3 by higher layer parameter SRS-cell-to-SFI;
-	a location of a field in DCI format 2_3 for a serving cell by higher layer parameter startingBitOfFormatX;
-	a monitoring periodicity for PDCCH with DCI format 2_3 by higher layer parameter SRS-monitoring-periodicity.

--------------------------- End of Text Proposal --------------------------
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