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In Rel-18, enhancements on downlink MIMO that facilitate the use of large antenna array, for both FR1 and FR2, are needed to fulfil the demand for evolution of NR deployments. As coherent joint transmission (CJT) improves coverage and average throughput in commercial deployments with high-performance backhaul and synchronization, enhancement on CSI acquisition for FDD and TDD, targeting FR1, can be beneficial in expanding the utility of multi-TRP deployments. SRS enhancement targeting TDD coherent JT is agreed as part of MIMO enhancement and corresponding objective is described in the approved WID [1]. In Rel-18, it is important to identify and specify necessary enhancements for uplink MIMO. As advanced UEs (e.g., CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. SRS enhancement for 8Tx is agreed as part of MIMO enhancement and corresponding objective is described in the approved WID [1]. 
In this contribution, we provide our views on maintenance for SRS enhancement targeting TDD CJT and 8 TX operation.
Discussion on SRS enhancement targeting TDD CJT
In RAN1 #114b meeting, the following agreements were made for SRS enhancement for CJT [2]:
	Agreement
Adopt the text proposal for TS38.211 on cyclic shift / comb offset hopping ID notation:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the cyclic-shift hopping identity  is contained in the higher-layer parameter cyclicShiftHopping.
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
<Unchanged text is omitted>


· Additional information
· Reason for change: It was agreed that the same ID is to be used for comb offset hopping and cyclic shift hopping, if both are configured for a same SRS resource. Current spec uses different notations for the ID in comb offset hopping and cyclic shift hopping.
· Summary for change: Update with the same hopping ID notation.
· Consequences if not approved: Confusion may arise regarding whether a same hopping ID shall be used.
· TP is for TS38.211 v18.0.0.
Agreement
Adopt the text proposal for TS38.211 on cyclic shift / comb offset hopping subset entry indexing:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
where  and is the th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . 
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
where  and is the th entry and the cardinality of the set 
respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
<Unchanged text is omitted>


· Additional information
· Reason for change: Array index of n should correspond to (n+1)th entry of the array, if the index starts from 0.
· Summary for change: Correct the array index of n to (n+1).
· Consequences if not approved: Incorrect entry may be used.
· TP is for TS38.211 v18.0.0.
Agreement
Adopt the text proposal for TS38.211 on cyclic shift / comb offset hopping subset bitmap:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
where  and is the (+1)th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . The higher-layer parameter [cyclicShiftHoppingSubset] includes a bitmap of  bits with  bits being set to 1, where the (n+1)th bit being set to 1 corresponds to  
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
where  and is the (+1)th entry and the cardinality of the set 
respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . The higher-layer parameter [combOffsetHoppingSubset] includes a bitmap of  bits with  bits being set to 1, where the (n+1)th bit being set to 1 corresponds to 
<Unchanged text is omitted>


· Additional information
· Reason for change: The hopping subset is not described.
· Summary for change: Describe the hopping subset based on the configured RRC parameter. Also correct the array index of n to (n+1).
· Consequences if not approved: RAN1 specs may be incomplete and it is unclear how to interpret/use the configured RRC parameter.
· TP is for TS38.211 v18.0.0.
Agreement
SRS comb offset hopping / cyclic shift hopping can be configured for a SRS resource in a SRS resource set with usage ‘codebook’. 
· SRS comb offset hopping / cyclic shift hopping are not supported for a SRS resource in a SRS resource set with usage ‘nonCodebook’ or ‘beamManagement’.
Agreement
Adopt the text proposal for TS38.214 on cyclic shift hopping subset and finer granularity configuration:
	6.2.1	UE sounding procedure
	<Unchanged text is omitted>
	-	Cyclic shift, as defined by the higher layer parameter cyclicShift-n2, cyclicShift-n4, or cyclicShift-n8 for transmission comb value 2, 4 or 8, and described in clause 6.4.1.4 of [4, TS 38.211]. When cyclic shift hopping is configured by the higher layer parameter [cyclicShiftHopping] for an SRS resource in an SRS resource set with the usage configured as ‘antennaSwitching’, subject to UE capabilities, cyclic shift is updated at every symbol as described in [clause 6,4,1,4 of [4, TS 38.211]]. For the cyclic shift hopping, a UE can be configured with a subset of cyclic shifts by the higher layer parameter [cyclicShiftHoppingSubset], where the cyclic shift hopping is performed only across the cyclic shifts configured in the subset. For the cyclic shift hopping, a UE can be configured with finer hopping granularity of  by the higher layer parameter [hoppingFinerGranularity]. The UE is not expecting that [hoppingFinerGranularity] is configured when [cyclicShiftHoppingSubset] is configured for an SRS resource. The UE is not expecting that the cyclic shift hopping and the higher layer parameter [tdm] are configured simultaneously for an SRS resource. 
<Unchanged text is omitted>


· Additional information
· Reason for change: Cyclic shift finer hopping granularity is not described in TS38.214, and the agreement that finer hopping granularity and hopping subset cannot be configured to the same SRS resource is not reflected.
· Summary for change: Describe the cyclic shift finer hopping granularity based on the configured RRC parameter. Add that finer hopping granularity and hopping subset cannot be configured to the same SRS resource. Also clarify that ‘configured simultaneously’ means ‘configured simultaneously for an SRS resource’.
· Consequences if not approved: RAN1 specs may be incomplete regarding cyclic shift finer hopping granularity.
· TP is for TS38.214 v18.0.0.
Agreement
Adopt the text proposal for TS38.211 on cyclic shift hopping finer granularity:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>


· Additional information
· Reason for change: Finer hopping granularity and hopping subset cannot be configured to the same SRS resource, and thus the second part of the If condition should be removed.
· Summary for change: Remove ‘and the higher-layer parameter cyclicShiftHoppingSubset is not configured’.
· Consequences if not approved: Confusion may arise regarding the ‘otherwise’ part.
· TP is for TS38.211 v18.0.0.
Agreement
Adopt the text proposal for TS38.214 on the frequency hopping behavior when TDM or comb offset hopping is configured:
	6.2.1	UE SRS frequency hopping procedure
If for a SRS resource, the higher-layer parameter [tdm] is configured or higher-layer parameter [combOffsetHopping] is configured, the corresponding UE SRS frequency hopping procedure is specified in clause 6.4.1.4.3 of [4, TS 38.211]. If for a SRS resource, the higher-layer parameter [tdm] is not configured and higher-layer parameter [combOffsetHopping] is not configured, the UE SRS frequency hopping procedure is specified in clause 6.4.1.4.3 of [4, TS 38.211] and this clause.
<Unchanged text is omitted>


· Additional information
· Reason for change: TS38.214 Clause 6.2.1.1 describes the SRS frequency hopping procedure. However, the description covers only the cases without TDM and without comb offset hopping.
· Summary for change: Add description of SRS frequency hopping procedure with TDM or with comb offset hopping by referring to TS38.211.
· Consequences if not approved: TS38.214 Clause 6.2.1.1 is incomplete.
· TP is for TS38.214 v18.0.0.


In the remainder of this section, we provide our views on maintenance for SRS enhancement for TDD CJT, based on the latest specification and agreements in the Rel-18 RAN WG1 meetings.
Discussion on initial CS and/or Comb offset value for CS and/or Comb offset hopping
In RAN1#114, it was agreed that S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1 for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping. When cyclicShiftHoppingSubset/ combOffsetHoppingSubset is configured, the initial CS value, , is contained in the higher layer parameter transmissionComb  and the initial Comb value, , is contained in the higher layer parameter transmissionComb. There is no restriction for the initial CS/Comb offset value. As we know, subset restriction is proposed to avoid interference between legacy SRS and SRS with CS/Comb offset hopping. The CS/Comb offset value after hopping are used to determine the actual interference, where CS/Comb offset value after hopping is determined by not only the restricted CS/Comb offset subset but also initial CS/Comb offset value. If the initial CS/Comb offset value is configured without restriction, the interference may happen when there is mismatching between initial CS/Comb offset and restricted CS/Comb offset subset. For example, CS values [0 4] are indicated as valid values by restricted CS subset for SRS CS hopping in case of =2,  ,   =0, 1, …, 7. And, [1 2 3 5 6 7] can be used for legacy SRS. When initial CS value for SRS with CS hopping is configured as any value of 1, 2, 3, 5, 6 or 7, it will cause interference to legacy SRS. To avoid interference between SRS with CS/Comb offset hopping and legacy SRS and reduce the realization complexity for gNb’s interference coordination, we prefer that CS/Comb offset values after hopping are still in the indicated restricted subset. To realize this, the restriction has to be made for the initial CS/Comb offset value. In detail, UE is not expected to configure the initial CS/Comb offset value such that the value of CS/Comb offset for SRS port 0 after CS/Comb hopping is not in the indicated CS/Comb offset subset. Based on the above discussion, we propose:
UE is not expected to be configured the initial CS/Comb offset value such that the value of CS/Comb offset for SRS port 0 after CS/Comb hopping is out of the indicated CS/Comb offset subset when cyclicShiftHoppingSubset/ combOffsetHoppingSubset is configured.
TP on RRC parameter names for hopping with finer granularity and comb offset hopping with repetition
· Reason for change: In TS 38.211, the higher-layer parameter for enabling CS hopping with finer granularity is denoted as ‘hoppingFinerGranularity’. The higher-layer parameter for configuring comb offset hopping time-domain hopping behavior for repetition factor R>1 is denoted as ‘hoppingWithRepetition’. However, the parameter name ‘combOffsetHoppingWithRepetition’ and ‘cyclicShiftHoppingFinerGranularity’ are used in the latest RRC parameter list with LS to RAN2 [2] for these two higher-layer parameters. 
· Summary for change: Update the RRC parameter name ‘hoppingFinerGranularity’ and ‘hoppingWithRepetition’ by ‘cyclicShiftHoppingFinerGranularity’ and ‘combOffsetHopping-WithRepetition’, respectively.
· Consequences if not approved: RRC parameter names are not aligned between TS38.211 Clause 6.4.1.4.2 and higher layer specification 38.331 based on the latest LS.
· TP is for TS38.211 v18.0.01
Based on the above discussion, we propose:  
Adopt the text proposal 1 for updating the RRC parameter names for hopping with finer granularity and comb offset hopping with repetition:  
	Text Proposal 1 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

where  and is the th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . 
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the cyclic-shift hopping identity  is contained in the higher-layer parameter cyclicShiftHopping.
If the higher-layer parameter hoppingFinerGranularitycyclicShiftHoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

where  and is the th entry and the cardinality of the set 
respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
If the higher-layer parameter hoppingWithRepetitioncombOffsetHoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>


Remaining issues on SRS enhancement for 8Tx UL operation
The following agreements were made for SRS enhancement for 8Tx UL operation in previous meetings by not well captured in TS38.214. Accordingly, we provided a TP for TS38.214 to capture them in section 3.1.
	Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· m can be legacy values, i.e., 2,4, 8,10,12,14.




TP on potential values and the corresponding behaviour for 8-port SRS with and without TDM
· Reason for change: TS38.214 Clause 6.2.1 describes the number of symbols can be configured for the resource mapping for SRS. However, the potential values and the corresponding behaviour for 8-port SRS with and without TDM are not covered.
· Summary for change: add description of the number of symbols for the resource mapping for 8-port SRS with and without TDM
· Consequences if not approved: TS38.214 Clause 6.2.1 is incomplete.
· TP is for TS38.214 v18.0.01
Based on the above discussion, we propose:  
Adopt the text proposal 2 on potential values and the corresponding behaviour for 8-port SRS with and without TDM:  

	Text Proposal 2 for TS 38.214

6.2.1 UE sounding procedure
-----------------------------------------------<Unchanged text is omitted>-----------------------------------------------------
The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying  adjacent OFDM symbols within the last 6 symbols of the slot, or at any symbol location within the slot if resourceMapping-r16 is provided subject to UE capability, where all antenna ports of the SRS resources are mapped to each symbol of the resource. When the SRS is configured with the higher layer parameter SRS-PosResourceSet the higher layer parameter resourceMapping-r16 in SRS-PosResource indicates an SRS resource occupying 𝑁𝑆 ∈ {1,2,4,8,12} adjacent symbols anywhere within the slot. When the SRS is configured with the higher layer parameter SRS-ResourceSet, the higher layer parameter resourceMapping-r17 in SRS-Resource indicates an SRS resource occupying 𝑁𝑆 ∈ {1,2,4,8,10,12,14} adjacent symbols anywhere within the slot. When the SRS is configured with the higher layer parameter SRS-ResourceSet, the higher layer parameter [resourceMapping-r18] in SRS-Resource indicates an SRS resource occupying 𝑁𝑆 ∈ {1,2,4,8,10,12,14} adjacent symbols anywhere within the slot when nrofSRS-Ports of each SRS resource within the SRS-ResourceSet is set to ‘n8’ and the higher layer parameter [tdm] is not configured, where all antenna ports of the SRS resources are mapped to each of symbol of the resource. When the SRS is configured with the higher layer parameter SRS-ResourceSet, the higher layer parameter [resourceMapping-r18] in SRS-Resource indicates an SRS resource occupying 𝑁𝑆 ∈ {2,4,8,10,12,14} adjacent symbols anywhere within the slot when nrofSRS-Ports of each SRS resource within the SRS-ResourceSet is set to ‘n8’ and the higher layer parameter [tdm] is configured, where the antenna ports are evenly distributed in every two adjacent symbols.
-----------------------------------------------<Unchanged text is omitted>----------------------------------------------------



Conclusion
In this contribution document, we show our views on SRS enhancement targeting CJT scenarios, as well as 8Tx UL operation. Based on the discussion points in the document, we have the following proposals:
1. UE is not expected to be configured the initial CS/Comb offset value such that the value of CS/Comb offset for SRS port 0 after CS/Comb hopping is out of the indicated CS/Comb offset subset when cyclicShiftHoppingSubset/ combOffsetHoppingSubset is configured.
1. Adopt the text proposal 1 for updating the RRC parameter names for hopping with finer granularity and comb offset hopping with repetition:  
	Text Proposal 1 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

where  and is the th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . 
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the cyclic-shift hopping identity  is contained in the higher-layer parameter cyclicShiftHopping.
If the higher-layer parameter hoppingFinerGranularitycyclicShiftHoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

where  and is the th entry and the cardinality of the set 
respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
If the higher-layer parameter hoppingWithRepetitioncombOffsetHoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>


Adopt the text proposal 2 on potential values and the corresponding behaviour for 8-port SRS with and without TDM:  
	Text Proposal 2 for TS 38.214

6.2.1 UE sounding procedure
-----------------------------------------------<Unchanged text is omitted>-----------------------------------------------------
The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying  adjacent OFDM symbols within the last 6 symbols of the slot, or at any symbol location within the slot if resourceMapping-r16 is provided subject to UE capability, where all antenna ports of the SRS resources are mapped to each symbol of the resource. When the SRS is configured with the higher layer parameter SRS-PosResourceSet the higher layer parameter resourceMapping-r16 in SRS-PosResource indicates an SRS resource occupying 𝑁𝑆 ∈ {1,2,4,8,12} adjacent symbols anywhere within the slot. When the SRS is configured with the higher layer parameter SRS-ResourceSet, the higher layer parameter resourceMapping-r17 in SRS-Resource indicates an SRS resource occupying 𝑁𝑆 ∈ {1,2,4,8,10,12,14} adjacent symbols anywhere within the slot. When the SRS is configured with the higher layer parameter SRS-ResourceSet, the higher layer parameter [resourceMapping-r18] in SRS-Resource indicates an SRS resource occupying 𝑁𝑆 ∈ {1,2,4,8,10,12,14} adjacent symbols anywhere within the slot when nrofSRS-Ports of each SRS resource within the SRS-ResourceSet is set to ‘n8’ and the higher layer parameter [tdm] is not configured, where all antenna ports of the SRS resources are mapped to each of symbol of the resource. When the SRS is configured with the higher layer parameter SRS-ResourceSet, the higher layer parameter [resourceMapping-r18] in SRS-Resource indicates an SRS resource occupying 𝑁𝑆 ∈ {2,4,8,10,12,14} adjacent symbols anywhere within the slot when nrofSRS-Ports of each SRS resource within the SRS-ResourceSet is set to ‘n8’ and the higher layer parameter [tdm] is configured, where the antenna ports are evenly distributed in every two adjacent symbols.
-----------------------------------------------<Unchanged text is omitted>----------------------------------------------------



Reference
[1] RP-213598, Samsung, "New WID: MIMO Evlution for Downlink and Uplink," Online, Dec. 6-17, 2021
[2] 3GPP TSG RAN WG1 #114b, "Draft Meeting Report," Xiamen, China, October 9th – October 13th, 2023.
[3] R1-2310694, " LS on Rel-18 higher-layers parameter list", Xiamen, China, October 9th – October 13th, 2023.

image1.png




