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1. Introduction
In this contribution, we discussion some remaining issues on Rel-17 SRS enhancement and Rel-17 CSI enhancement.
2. Discussion
2.1. TP1 for Rel-17 SRS Antenna switching
For antenna switching of 1T2R/2T4R, a R15/16 UE can only be configured with up to two SRS configurations with different time-domain behaviors. In RAN1#106bis-e, it was agreed to support the extension of aperiodic antenna switching SRS configurations, i.e., support of N=2 for 1T2R/2T4R. This conclusion does not mean UE will support more SRS configurations for antenna switching 1T2R/2T4R. However, according to the current version of TS 38.214 [1], if a UE supports [extension of aperiodic antenna switching SRS configuration] but doesn’t support [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], it can be configured with three different SRS configurations, which are not aligned with the agreement.
· one periodic SRS

· one semi-persistent SRS

· one aperiodic SRS

Thus, we have the following proposal to align the spec with the agreement.

Proposal 1: Adopt the following TP1 for TS 38.214 to align the spec with the agreement. 
	TP1 for TS 38.214 

--------------------------------------------------------------------------------------------------------------------------------

Reason for change: For a UE supporting [extension of aperiodic antenna switching SRS configuration] but not supporting [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], the current spec allow UE to be configured to with up to one periodic SRS, one semi-persistent SRS and one aperiodic SRS for antenna switching of 1T2R/2T4R, which is not aligned with RAN1 agreement.
Summary of change: Clarify that for this type of UE, aperiodic SRS for 1T2R/2T4R can only be configured when the UE is configured with zero or one peridoc/semi-persistent SRS resource set for antenna switching

Consequences if not approved: The spec is conflicting with RAN1 agreement and more implemenation complexity is reqiured for UE.
--------------------------------------------------------------------------------------------------------------------------------

6.2.1.2
UE sounding procedure for DL CSI acquisition
<omitted text>

-
For 1T2R, if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration]:

-
zero or one or two SRS resource sets configured with different value of resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and up to one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with 'semi-persistent' are not activated at the same time. An SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, and

-
zero or one SRS resource set with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is indicating a capability for [extension of aperiodic antenna switching SRS configuration] and indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is indicating a capability for [extension of aperiodic antenna switching SRS configuration] but not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] and the UE is configured zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' for 1T2R, where in the case of one resource set, a total of two SRS resources transmitted in different symbols of one slot and where the SRS port of the second resource in the given set is associated with a different UE antenna port than the SRS port of the first resource in the same set. In the case of two resource sets, a total of two SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port. The two sets are each configured with one SRS resource, or
-
otherwise, for 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or

-
For 2T4R, if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration]:

-
zero or one or two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and up to one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with 'semi-persistent' are not activated at the same time. Each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, and, 
-
zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is indicating a capability for [extension of aperiodic antenna switching SRS configuration] and a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is indicating a capability for [extension of aperiodic antenna switching SRS configuration] but not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] and the UE is configured zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' for 2T4R, where in the case of one resource set, a total of two SRS resources transmitted in different symbols in the same slot, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource. In the case of two resource sets, a total of two SRS resources transmitted in different symbols of two different slots, and where the SRS port pair of each SRS resource in the given two sets is associated with a different UE antenna port pair. The two sets are each configured with one SRS resource, or

-
otherwise, up to two SRS resource sets configured with a different value for the higher layer parameter  resourceType in SRS-ResourceSet, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
<omitted text>




2.2. TP2 for Rel-17 SRS frequency hopping

In the corresponding part of R15/16 spec, a pair of R adjacent OFDM symbols refer to a set of 2 adjacent OFDM symbols, as highlighted as below:

	For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the 
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 symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters 
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defined in Clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters 
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In R17 SRS enhancements, more candidate values are added for the repetition factor R. Thus, in the counterpart of R17 spec, R adjacent OFDM symbols can be more than 2 OFDM symbols, which is conflicting with the meaning of “pair”. Thus, we suggest the follow proposal: 
Proposal 2: Adopt the following TP2 for TS 38.214 to avoid the confliction between “pair” and more than 2 adjacent symbols . 
	TP2 for TS 38.214 

--------------------------------------------------------------------------------------------------------------------------------

Reason for change: When R is larger than 2, the wording “pair” is conflicting with R>2 adjacent OFDM symbols since a pair of symbols indicates two symbols.

Summary of change: Change “pair” to “set” to avoid the confliction between “pair” and R adjacent symbols. 

Consequences if not approved: The wording is conflicting with itself in the spec
--------------------------------------------------------------------------------------------------------------------------------

6.2.1.1
UE SRS frequency hopping procedure

For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} or R∈{1,2,3,4,5,6,7,8,10,12,14} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the 
[image: image8.wmf]s

N

 symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters 
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defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns ≥ 4, R ≥ 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each set of R adjacent OFDM symbols, and frequency hopping across the [image: image13.png]


 sets is according to the SRS hopping parameters 
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 should be divisible by [image: image20.png]


.

For operation with shared spectrum channel access, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.
A UE may be configured [image: image22.png]N. = 2,4810,12 0r 14



 adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across 
[image: image23.wmf]s
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 symbols when frequency hopping is configured with R=1. A UE may be configured Ns ≥ 4 adjacent symbols aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across [image: image25.png]


 sets of R adjacent OFDM symbols, when frequency hopping is configured with R ≥ 2, Ns ≥ R and Ns  should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each set of R adjacent OFDM symbols of the resource.

A UE may be configured
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 symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured [image: image28.png]N. = 2,4,810,12 or 14



 symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns ≥ 4, when frequency hopping is configured with R ≥ 2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS resource mapped to different sets of subcarriers across [image: image30.png]


 sets of R adjacent OFDM symbol(s) of the resource in each slot, where [image: image32.png]


 should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each set of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.




2.3. TP3 for Rel-17 mTRP CSI enhancement
Reason for change: In R15/16, the maximum number of CSI-RS ports contained by each resource per CSI-RS resource set is 16 when Ks=2 and is 8 when  2<K_s≤8. For mTRP CSI feedback, the UE complexity to process each S-TRP CSI should not be increased and this restriction can be extended to each CMR group which corresponds to one TRP. That is, for each CMR group in a CMR set, the maximal number of CSI-RS ports is 16 when the number of CMRs in the CMR group is 2, while the maximal number of CSI-RS ports is 8 when the number of CMRs is larger than 2. If the number of CMR in the CMR group is 1, up to 32 ports can be configured for the CMR.
Summary of change: Apply the restriction on CSI-RS port number for each CSI-RS resource set in Rel-15/16 to each CMR group in Rel-17 to avoid additional UE complexity for S-TRP/NC-JT CSI reporting in Rel-17.
Consequences if not approved: Additional UE complexity is needed if the restriction on CSI-RS port number in Rel-15/16 is not applied to CMR groups for Rel-17 CSI.

Text proposal:
	TS 38.214
<Unchanged parts are omitted>
5.2.1.4.2
Report Quantity Configurations
…
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI', 'cri-SINR', or 'cri-SINR-Capability[Set]Index ', and [image: image34.png]


resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) or (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet (if configured for CSI-ReportConfig with reportQuantity set to 'cri-SINR' or 'cri-SINR-Capability[Set]Index ') for interference measurement. If [image: image36.png]


CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If [image: image38.png]2<K.<8



CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports. 

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with [image: image40.png]


 resources, two Resource Groups with [image: image42.png]


 resources in Group 1, [image: image44.png]


 resources in Group 2, [image: image46.png]K, + K, =K.



, and [image: image48.png]


 Resource Pairs:

-
each resource can contain, subject to UE capability, at most 32 CSI-RS ports.
-    For a Resource Group with Ki resources (i=1,2), if Ki =2 CSI-RS resource is configured in the Resource Group, the resource shall contain at most 32 CSI-RS ports.CSI-RS resources are configured, each resource in the Resource Group shall contain at most 16 CSI-RS ports. If 2< Ki≤8 CSI-RS resources are configured in the Resource Group, each resource shall contain at most 8 CSI-RS ports. If Ki =1 
-
each of the [image: image52.png]


 Resource Pairs is associated to a CRI value.

-
The CSI-ReportConfig may be configured with higher layer parameter sharedCMR. [image: image54.png]


 and [image: image56.png]


 are the numbers of resources associated to a CRI value, other than the N CRIs defined above, in Group 1 and Group 2, respectively, with [image: image58.png]M=M,+M,



, such that the total number of CRI values configured for the CSI-ReportConfig is [image: image60.png]M+ N



.

< Unchanged parts are omitted >


2.4. TP4 for Rel-17 mTRP CSI enhancement
Reason for change: In RAN1#105 e-meeting, the following agreement was made on CMR sharing:
Agreement

Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis:

· It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.
In UE feature discussion, a new FG 23-7-5 was introduced for capability report of CMR sharing for FR2. When UE reports this FG, gNB can configure higher layer parameter sharedCMR in CSI-ReportConfig in FR2. However, there is no description on whether CMR sharing can be configured for FR1 in current specification. 
Summary of change: Capture the agreement in RAN1#105 e-meeting that CMR sharing can be configured in FR1 without any UE capability, and in FR2 subject to UE capability.
Consequences if not approved: The agreement would not be completely captured, and it is unclear whether CMR sharing can be configured in FR1 since there is no UE capability reporting.

Text proposal:
	TS 38.214
<Unchanged parts are omitted>
5.2.1.4.2
Report Quantity Configurations
…
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with [image: image62.png]


 resources, two Resource Groups with [image: image64.png]


 resources in Group 1, [image: image66.png]


 resources in Group 2, [image: image68.png]K, + K, =K.



, and [image: image70.png]


 Resource Pairs:

-
each resource can contain, subject to UE capability, at most 32 CSI-RS ports.
-
each of the [image: image72.png]


 Resource Pairs is associated to a CRI value.

-
The CSI-ReportConfig may be configured with higher layer parameter sharedCMR in FR1 and FR2 but subject to UE capability for FR2. [image: image74.png]


 and [image: image76.png]


 are the numbers of resources associated to a CRI value, other than the N CRIs defined above, in Group 1 and Group 2, respectively, with [image: image78.png]M=M,+M,



, such that the total number of CRI values configured for the CSI-ReportConfig is [image: image80.png]M+ N



.

< Unchanged parts are omitted >


3. Conclusion

In this contribution, we provide some text proposals on Rel-17 SRS enhancement and Rel-17 CSI enhancement.
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