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1	Introduction
In this contribution we discuss some remaining issues related to SRS and Multi-TRP CSI maintenance.

[bookmark: _Ref54348033]2	M-TRP CSI reporting maintenance
Regarding the CPU occupancy for M-TRP CSI calculations, in RAN1#104bis-e it was agreed that an NCJT CSI hypothesis calculation occupies two CPUs, as described in the following agreement
Agreement 
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme
The agreement is captured in Sec. 5.2.1.6 of 38.214 as follows:
-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', 
-	...
-	[If a CSI-ReportConfig is configured with codebookType set to 'typeI-SinglePanel' and the corresponding CSI-RS Resource Set for channel measurement is configured with two Resource Groups and  Resource Pairs, , where  is defined in clause 5.2.1.4.2.]
However, the text is still within brackets because of a related discussion related to UE capabilities. The question is whether CPUs for MTRP CSI should be counted in different CPU pools, separately from all other CSI calculations, or the same CPU pool should be used, whose size is indicated by simultaneousCSI-ReportsPerCC and simultaneousCSI-ReportsAllCC, per CC and across all CCs, respectively. These two capability components were introduced in Rel-15 FG 2-35 for all CSI calculations.
It was proposed to introduce two new CPU pools for MTRP CSI, with one new capability per CC and one across CCs indicating two values each, (Y1,Y2), and (X1,X2), respectively, where Y1 and X1 indicate the maximum number of CPUs available for simultaneous NCJT CSI calculations, whilst Y2 and X2 indicate the maximum number of CPUs available for simultaneous single-TRP CSI calculations. However, introducing two new CPU pools unnecessarily complicates the CPU occupancy count, because it requires adding two new separate counters with corresponding rules for not updating certain CSIs when the calculation exceeds the maximum capability of the corresponding CPU pool.
Therefore, we propose to confirm that the same CPU pool is used for MTRP and single-TRP CSI reporting for counting the number of CPUs occupied by simultaneous CSI calculations.
Proposal 1. [bookmark: _Ref95477019][bookmark: _Ref101551324][TP to TS 38.214, Sec. 5.2.1.6] The same CPU pool is used for MTRP and single-TRP CSI reporting for counting the number of CPUs occupied by simultaneous CSI calculations

	[bookmark: _Hlk32405202]TP#1 to TS 38.214, Sec. 5.2.1.6:
Reason for change: Confirm that an NCJT CSI hypothesis calculation occupies two CPUs and that the same CPU pool is used for MTRP and single-TRP CSI reporting for counting the number of CPUs occupied by simultaneous CSI calculations. 
Summary of change: removed the square brackets from the text related to the CPU count of simultaneous MTRP CSI calculations.
Consequences if not approved: incomplete specification
==================== Start of Text proposal ============================
5.2.1.6	CSI processing criteria
The UE indicates the number of supported simultaneous CSI calculations  with parameter simultaneousCSI-ReportsPerCC in a component carrier, and simultaneousCSI-ReportsAllCC across all component carriers. If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If N CSI reports start occupying their respective CPUs on the same OFDM symbol on which  CPUs are unoccupied, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Clause 5.2.5), where is the largest value such that  holds. 
[bookmark: _Hlk513114242]A UE is not expected to be configured with an aperiodic CSI trigger state containing more than  Reporting Settings. Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info configured
-	 for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-SINR', 'ssb-Index-SINR', 'cri-RSRP-Capability[Set]Index', 'ssb-Index-RSRP-Capability[Set]Index', 'cri-SINR-Capability[Set]Index', 'ssb-Index-SINR-Capability[Set]Index ' or 'none' (and CSI-RS-ResourceSet with higher layer parameter trs-Info not configured)
-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', 
-	if max{ µPDCCH, µCSI-RS, µUL} ≤ 3, and if a CSI report is aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', ,
-	[If a CSI-ReportConfig is configured with codebookType set to 'typeI-SinglePanel' and the corresponding CSI-RS Resource Set for channel measurement is configured with two Resource Groups and  Resource Pairs, , where  is defined in clause 5.2.1.4.2.]
-	otherwise, , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement.
<Unchanged text is omitted>
==================== End of Text proposal ============================




In RAN1#106bis-e, it was agreed to introduce a timing restriction in the configuration of the two CMRs is a Resource Pair for NCJT measurement, such that they can be configured either within the same slot () or in two consecutive slots () without downlink/uplink switching between the two resources:
Agreement 
For CSI measurement associated with a CSI-ReportingConfig for NCJT, support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs
· X=1, 2
· whereas X=1 implying the same slot and X=2 implying two adjacent slots
· FFS other restrictions for FR2
· FFS whether UE capability is needed for X=2
Because no UE capability and no further restriction has been introduced for the case , we propose to remove the brackets from the corresponding text in Sec. 5.2.2.3.1.
Proposal 2. [bookmark: _Ref101786614]The following text proposal for TS 38.214, Sec. 5.2.1.6:
	[bookmark: _Hlk101786645]TP#2 to TS 38.214, Sec. 5.2.2.3.1:
Reason for change: No further restriction or UE capability is applicable to the slot restriction between two CMRs of a Resource Pair. Therefore, a gNB can configure these two resources either in the same slot or in two consecutive slots 
Summary of change: removed the square brackets from the text related to the slot restriction applicable to CMRs of a Resource Pair.
Consequences if not approved: unclear specification
==================== Start of Text proposal ============================
<Unchanged text is omitted>
For a CSI-RS Resource Set for channel measurement configured with two Resource Groups and  Resource Pairs, the slot offsets of the two resources in a Resource Pair are configured within  slots, without DL/UL switching in between the two resources, where  implies that the two resources are configured in the same slot, and  implies that the two resources are configured within two adjacent slots. 
<Unchanged text is omitted>
==================== End of Text proposal ============================





3	UL SRS antenna switching maintenance

	Agreement RAN1-106bis-e
For two SRS resource sets of an xTyR antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a minimum gap period of Y symbols exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot
· The value of Y is same as the inter-resource GP defined in Rel-15 
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· Whether this inter-set GP is needed for 4T6R can be discussed later per the decision on 4T6R configuration.
· FFS: How/Whether to handle the case where the interval between SRS resource sets is larger than Y



	Agreement RAN1-108e
For inter-set guard period, UE does not transmit any other signal on any symbols of the interval if the interval between SRS resource sets is Y symbols.
· When both the SRS resource on all of the corresponding symbols prior to the gap and the SRS resource on all of the corresponding symbols after the gap are dropped due to collision handling, the gap period is also dropped with same priority and can be used for UL transmission.
· The above is the only collision handling rule to be introduced in Rel-17 for antenna switching guard period




In RAN1-106bis-e meeting, it remained for further study whether or not the minimum GP can be RRC configured subject to the UE capability. Since the introduction of Rel-15 specification the number of GP symbols have been determined according to configured numerology. By following this principle in Rel-17, it can lead to a large resource overhead and latency as well as reduced flexibility, e.g. 1T8R with 2 or 3 or 4 resource sets (at minimum two slots required).
In previous RAN-108e-meeting, the agreement was made regarding to Rel-17 UE operation when time interval between two resource sets is equal to guard period. The agreement says that the UE does not need to transmit any other symbol within the time interval. However, the discussion remained still open when the time interval between two resource sets is larger than the guard period. 
From overhead and latency perspective, it would be preferable to support also a smaller number of GPs, subject to the UE capability Therefore, from network perspective, the introduction of new UE capability regarding to the minimum GP is preferred. However, the indication of new minimum GP capability information as such is not sufficient for the network. In fact, additionally, the network shall be also aware of the location of the GP between two resource sets within a same slot or two consecutive slots. For example, the UE may be configured with CA and the antenna for the PCell band may be shared with some other SCell bands under the CA. In this case, without the network having understanding on the location of guard period(s), the allocated resource(s) not only for the PCell but also the resources for the SCell bands are to be lost. Therefore, to address aforementioned aspects, it is beneficial to establish a mechanism to allow a network know where the location of guard period(s) according to the UE capability and allow network to configure UL SRS resources within a resource set as well as some other resources in a more efficient manner, e.g., to avoid scheduling the resources over GP symbol(s) to the UE and scheduling them to some other UEs under the same network. Based on above discussion, minimum GP capability with time location information of GP symbol(s) is preferred. A specific rule needs to be defined where GP is always located into first symbol(s) before gap (after the last SRS symbol of the first set) or into last symbol(s) of the gap (before the first SRS symbol of the second resource set). This enables a UE to order the quality of the UE antenna ports according to UE capability related to different antenna ports. Figure 1 shows an example of 1T4R antenna switching configuration with two aperiodic resource sets/one periodic/semi-persistent resource set where antenna port 2 is a better antenna port than antenna port 3. If the better antenna is always in the order of the switching, it is better to set the GP at the last symbol(s) of the gap (time internal) meaning that antenna port 2 is mapped to a physical antenna port with better performance than the physical antenna port mapped to antenna port 3. For simplicity, it is assumed that the performance may include any of factors affecting into it such as hand grip position, implementation losses, etc.

[image: ]
[bookmark: _Ref101529242]Figure 1 An example of UL SRS 1T4R with guard period placement according to UE capability. 

Observation 1. To reduce both resource overhead and latencies as well as improve flexibility, it is beneficial to configure resources such that the UE shall assume minimum guard period(s) to be within set and/or between different resource set(s) according to the UE capability.
Observation 2. In addition to minimum guard period capability information, it is beneficial for the network to have an understanding of the location of minimum guard period.

Proposal 3. [bookmark: _Ref101786664]When the time interval between two SRS resource sets is larger than Y guard period symbols, GP is always either located into first Y symbol(s) of the time interval or last Y symbols of time interval, depending on the UE capability.
•	Endorse TP#3 for 38.214
	TP #3 for 38.214 (Clause 6.2.1.2)
Reason for change: Clarify ambiguity on inter-slot GP time location when the time interval between two SRS resource sets is larger than Y symbols.
Summary of change: New text amendment regarding to inter-slot GP
Consequences if not approved: incomplete specification
  
6.2.1.2 UE sounding procedure for DL CSI acquisition
==================== Start of Text proposal ============================
                                                <Unchanged text is omitted>
For the inter-set guard period, when the time interval between two SRS resource sets is larger than Y symbols, the UE does not transmit any other signal on any Y consecutive symbols. Depending on the UE capability, the minimum guard period, Y, is located either into the last Y symbols of the time interval or the first Y symbols of the time interval.
                                                 <Unchanged text is omitted>
==================== End of Text proposal ============================
 



As discussed above, the time location of the guard period depends which antenna port UE is assumed to use before the UL SRS resource associated with antenna switching. Similarly, the time location of the guard period depends which antenna port the UE is assumed to use after the UL SRS resource associated with antenna switching. By following this logic, the question arises whether the guard period should be also located immediately before the first resource associated with the first resource set and/or immediately after the last resource associated with the second resource set. For example, in Figure 1, if antenna port 4 is assumed to be the poorest in terms of the performance, the UE is assumed to use the poorest antenna port 4 for any subsequent RS/data/control transmission until next antenna switching resource configuration is triggered/configured. Clearly, this leads to a sub-optimal system performance. In this example, by allowing one extra guard period immediately after the last resource, the UE should be able to use again the better antenna port (e.g. AP1 or AP2) with respect to antenna port 4 leading to enhanced system performance. From our perspective, it would be beneficial to support both guard period allocation immediately before the first resource of the antenna switching resource configuration and immediately after the last resource of the antenna switching resource configuration depending on the UE capability. Even though Rel-17 is in the maintenance phase, to clarify ambiguities related to Rel-17 antenna switching configurations, RAN1 should support the rule set for these cases.
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. It would be beneficial to support both guard period allocation immediately before the first resource of the antenna switching resource configuration and immediately after the last resource of the antenna switching resource configuration depending on the UE capability
Proposal 4. [bookmark: _Ref101787005]Support guard period location, Y, immediately before the first resource of the resource configuration and/or immediately after the last resource of the resource configuration.
•	Endorse TP#4 for 38.214


	TP #4 for 38.214 (Clause 6.2.1.2)
Reason for change: Clarify ambiguity on GP time location for the first resource of the resource configuration and/or last resource of the resource configuration.
Summary of change: New text amendment regarding to  GP location
Consequences if not approved: incomplete specification
  
6.2.1.2 UE sounding procedure for DL CSI acquisition
==================== Start of Text proposal ============================
                                                <Unchanged text is omitted>
Depending on the UE capability, the guard period, Y, is located immediately before first resource of the resource configuration and/or immediately after the last resource of the resource configuration.
                                                 <Unchanged text is omitted>





4	Conclusion
Hereafter is a summary of text proposals for M-TRP CSI and SRS enhancement.
Proposal 1	[TP to TS 38.214, Sec. 5.2.1.6] The same CPU pool is used for MTRP and single-TRP CSI reporting for counting the number of CPUs occupied by simultaneous CSI calculations
	TP to TS 38.214, Sec. 5.2.1.6:
Reason for change: Confirm that an NCJT CSI hypothesis calculation occupies two CPUs and that the same CPU pool is used for MTRP and single-TRP CSI reporting for counting the number of CPUs occupied by simultaneous CSI calculations. 
Summary of change: removed the square brackets from the text related to the CPU count of simultaneous MTRP CSI calculations.
Consequences if not approved: incomplete specification
==================== Start of Text proposal ============================
[bookmark: _Toc11352119][bookmark: _Toc20318009][bookmark: _Toc27299907][bookmark: _Toc29673176][bookmark: _Toc29673317][bookmark: _Toc29674310][bookmark: _Toc36645540][bookmark: _Toc45810585][bookmark: _Toc100147389]5.2.1.6	CSI processing criteria
The UE indicates the number of supported simultaneous CSI calculations  with parameter simultaneousCSI-ReportsPerCC in a component carrier, and simultaneousCSI-ReportsAllCC across all component carriers. If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If N CSI reports start occupying their respective CPUs on the same OFDM symbol on which  CPUs are unoccupied, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Clause 5.2.5), where is the largest value such that  holds. 
A UE is not expected to be configured with an aperiodic CSI trigger state containing more than  Reporting Settings. Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info configured
-	 for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-SINR', 'ssb-Index-SINR', 'cri-RSRP-Capability[Set]Index', 'ssb-Index-RSRP-Capability[Set]Index', 'cri-SINR-Capability[Set]Index', 'ssb-Index-SINR-Capability[Set]Index ' or 'none' (and CSI-RS-ResourceSet with higher layer parameter trs-Info not configured)
-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', 
-	if max{ µPDCCH, µCSI-RS, µUL} ≤ 3, and if a CSI report is aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', ,
-	[If a CSI-ReportConfig is configured with codebookType set to 'typeI-SinglePanel' and the corresponding CSI-RS Resource Set for channel measurement is configured with two Resource Groups and  Resource Pairs, , where  is defined in clause 5.2.1.4.2.]
-	otherwise, , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement.
<Unchanged text is omitted>
==================== End of Text proposal ============================




Proposal 2	The following text proposal for TS 38.214, Sec. 5.2.1.6:
	TP#2 to TS 38.214, Sec. 5.2.2.3.1:
Reason for change: No further restriction or UE capability is applicable to the slot restriction between two CMRs of a Resource Pair. Therefore, a gNB can configure these two resources either in the same slot or in two consecutive slots 
Summary of change: removed the square brackets from the text related to the slot restriction applicable to CMRs of a Resource Pair.
Consequences if not approved: unclear specification
==================== Start of Text proposal ============================
<Unchanged text is omitted>
For a CSI-RS Resource Set for channel measurement configured with two Resource Groups and  Resource Pairs, the slot offsets of the two resources in a Resource Pair are configured within  slots, without DL/UL switching in between the two resources, where  implies that the two resources are configured in the same slot, and  implies that the two resources are configured within two adjacent slots. 
<Unchanged text is omitted>
==================== End of Text proposal ============================





Proposal 3	When the time interval between two SRS resource sets is larger than Y guard period symbols, GP is always either located into first Y symbol(s) of the time interval or last Y symbols of time interval, depending on the UE capability.
· Endorse TP#3 for 38.214

	TP #3 for 38.214 (Clause 6.2.1.2)
Reason for change: Clarify ambiguity on inter-slot GP time location when the time interval between two SRS resource sets is larger than Y symbols.
Summary of change: New text amendment regarding to inter-slot GP
Consequences if not approved: incomplete specification
  
6.2.1.2 UE sounding procedure for DL CSI acquisition
==================== Start of Text proposal ============================
                                                <Unchanged text is omitted>
For the inter-set guard period, when the time interval between two SRS resource sets is larger than Y symbols, the UE does not transmit any other signal on any Y consecutive symbols. Depending on the UE capability, the minimum guard period, Y, is located either into the last Y symbols of the time interval or the first Y symbols of the time interval.
                                                 <Unchanged text is omitted>
==================== End of Text proposal ============================
 



Proposal 4	Support guard period location, Y, immediately before the first resource of the resource configuration and/or immediately after the last resource of the resource configuration.
· Endorse TP#4 for 38.214


	TP #4 for 38.214 (Clause 6.2.1.2)
Reason for change: Clarify ambiguity on GP time location for the first resource of the resource configuration and/or last resource of the resource configuration.
Summary of change: New text amendment regarding to  GP location
Consequences if not approved: incomplete specification
  
6.2.1.2 UE sounding procedure for DL CSI acquisition
==================== Start of Text proposal ============================
                                                <Unchanged text is omitted>
Depending on the UE capability, the guard period, Y, is located immediately before first resource of the resource configuration and/or immediately after the last resource of the resource configuration.
                                                 <Unchanged text is omitted>
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