[bookmark: _Hlk528952890]3GPP TSG RAN WG1 Meeting #113		R1- 2305752
Incheon, Korea,  22nd  – 26th May, 2023

Agenda item:       9.1.3.2
Source:                 Nokia, Nokia Shanghai Bell
Title:                     SRS enhancement for TDD CJT and 8Tx operation
Document for:     Discussion and Decision
1	Introduction
In this contribution, UL SRS enhancements for 8 TX antenna ports and UL SRS enhancements for TDD based CJT operation are addressed for Rel-18 MIMO evolution for Downlink and Uplink. 
[bookmark: _Hlk135059588]2	SRS Enhancement for 8 Tx Antenna Ports
2.1	8-AP UL SRS Resource Set Configuration for Codebook  

	
 RAN1#111 Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 2 and [4] comb offset
· For comb 8, support 4 comb offsets




	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM
· For comb KTC =4, k=2. For comb KTC=8, k=4. For port pi

·  .
· Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
· For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
· FFS: potential impact on PAPR, if any.




By following RAN1#111 agreement, the mapping of 8TX antenna ports to comb-offsets for comb-8 (KTC=8) is still open. Furthermore, in  previous meeting RAN1#112-bis, it was agreed  to select one of the two options for cyclic shift determination options , i.e. option 1 (CSs aligned across comb offsets on the same OFDM) and option 2 (only 2 out of  4 comb offsets are aligned) for resource assigned with comb-4  or comb-8.

Table 1 shows the summary of antenna ports specific cyclic shifts options 1 and 2. 
[bookmark: _Ref134980334]Table 1 Port specific cyclic shift and comb offset with option 1 for KTC =4 with ports {1000, 1002,1004,1006} w/ first comb offset, {1001, 1003, 1005, 1007} w/ second comb offset. 
	Option
	Ports
	Cyclic shift

	1
	{1000, 1002,1004,1006}
	{0,1,2,3}

	
	{1001, 1003, 1005, 1007}
	{0,1,2,3}

	2
	{1000, 1002,1004,1006}
	{0,1,2,3}

	
	{ 1001, 1003, 1005, 1007}
	{2,3,4,5}



Figure 1a) and b) shows PARP and CM evaluation results for  KTC =4 with cyclic shift assigment  option 1 and option 2.  As shown, option 2 outperforms option 1 in both PAPR and CM results. 

Observation 1: For  KTC = 4,  Option 2 outperforms Option 1 in terms of   PARP and CM. 
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a) PAPR						b) CM 	
[bookmark: _Ref134990500]Figure 1 PAPR and CM results for KTC =4 w/ cyclic shift assignments Option 1 and Option 2. 
Table 3 shows  the summary of antenna ports specific cyclic shift option 1 with four different comb offset mapping options A, B,C and D. 
[bookmark: _Ref134990029]Table 3 Port specific cyclic shift Option 1  with four different comb offset options for KTC =8.
	Option
	Ports
	Cyclic shift
	Comb offset

	Opt. 1A
	{1000, 1004} 
	{0,3}
	0

	
	{1001,1005}
	{0,3}
	2

	
	{1002,1006}
	{0,3}
	4

	
	{1003, 1007}
	{0,3}
	6

	Opt. 1B
	{1000, 1004} 
	{0,3}
	0

	
	{1001,1005}
	{0,3}
	4

	
	{1002,1006}
	{0,3}
	2

	
	{1003, 1007}
	{0,3}
	6

	Opt. 1C
	{1000, 1004} 
	{0,3}
	0

	
	{1001,1005}
	{0,3}
	1

	
	{1002,1006}
	{0,3}
	4

	
	{ 1003, 1007}
	{0,3}
	5

	Opt. 1D
	{1000, 1004}
	{0,3}
	0

	
	{1001,1005}
	{0,3}
	1

	
	{1002,1006}
	{0,3}
	2

	
	{1003,1007}
	{0,3}
	3



Table 4 shows the summary of antenna ports specific cyclic shift option 2 with four different comb offset mapping options A, B,C and D. 

[bookmark: _Ref134990373]Table 4 Port specific cyclic shift Option 2  with four different comb offset options for KTC =8.
	Option
	Ports
	Cyclic shift
	Comb offset

	Opt. 2A
	{1000, 1004}
	{0,3}
	0

	
	{1001,1005}
	{1,4}
	2

	
	{1002,1006}
	{2,3}
	4

	
	{1003,1007}
	{0,3}
	6

	Opt. 2B
	{1000, 1004}
	{0,3}
	0

	
	{1001,1005}
	{1,4}
	4

	
	{1002,1006}
	{2,3}
	2

	
	{1003,1007}
	{0,3}
	6

	Opt. 2C
	{1000, 1004}
	{0,3}
	0

	
	{1001,1005}
	{1,4}
	1

	
	{1002,1006}
	{2,3}
	4

	
	{1003,1007}
	{0,3}
	5

	Opt. 2D
	{1000, 1004}
	{0,3}
	0

	
	{1001,1005}
	{1,4}
	1

	
	{1002,1006}
	{2,3}
	2

	
	{1003,1007}
	{0,3}
	3




Figure 2 a) and b) shows PARP and CM evaluation results for  KTC =8 with cyclic shift assignment  option 1 and option 2.  As shown, option 2 outperforms option 1 in both PAPR and CM results. Moreover, it can be seen that Options 2a, 2b, , 2d can achieve the best PAPR and CM performance.  

Observation 2: For  KTC = 8,  Option 2 outperforms Option 1 in terms of   PARP and CM. Furthermore, Options 2a, b, d  lead to the best PAPR and CM performance. 
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a) PAPR					            b) CM
[bookmark: _Ref134980407]Figure 2 PAPR and CM evaluation results for KTC =8 w/ cyclic-shift assignments Option 1 and Option 2 w/ different comb-offset mapping options. 

Based on the above discussions, Option 2 is preffered as cyclic shift assigment option for = 4 and = 8.  Furthermore, the following  antenna port mapping for =8 is preferred as, antenna ports {1000, 1004} are mapped on the first comb offset (0), {1001, 1005} on the second comb offset (4), {1002, 1006} on the third comb offset (2), and {1003, 1007} on the fourth comb offset (6).


Proposal 1: Support the following port-comb offset mapping for =8 antenna ports {1000, 1004} are mapped on the first comb offset (0), {1001, 1005} on the second comb offset (2), {1002, 1006} on the third comb offset (4), and {1003, 1007} on the fourth comb offset (6).
2.1.1	8-AP with Single Resource

	
RAN1#112 Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 





Regarding to previous meeting agreement, single SRS resource in a SRS resource set with usage ‘codebook’ for 8TX PUSCH when SRS resource is configured with 8 ports and m OFDM symbols (≥ 2), with s=2, [4,8] subsets where each symbol/subset consist of 8/s different antenna ports. Current RAN1 specification defines that single resource can be applied with multiple OFDM symbols with repetition and/or frequency hopping where antenna ports associated with the resource are not used in TDM:ed manner.  To define specification support for corresponding operation with TDM:ed antenna ports. It is important to clarify how the UE can differentiate between single resource SRS legacy operation with repetition or frequency-hopping and Rel-18 SRS with TDM:ed antenna ports with different SRS resource set usages. In other words, an explicit signaling needs to be defined,  i.e. new resource specific RRC parameter,  for enabling  TDM:ed antenna ports with single resource. Otherwise  ambiguity remains in the specification for the UE apply correct operation.    
Observation 3: It is beneficial to define new resource specific RRC parameter   for enabling TDM:ed antenna ports with single UL SRS resource.

Regarding to different m values, i.e. 2,4,8,10,12,14, it would be reasonable to define first such that TDM:ed antenna ports associated with a single SRS resource are only allowed to be configured within the same time slot. In other words, only intra-slot operation supported and no support for inter-slot operation. Otherwise, extra specification and implementation efforts are needed resulting in minimalistic benefits, if any. Regarding to FFS on supported TDM factor values,  s=2,4, are  feasible to be supported.

Regarding to FFS antenna port indexing within the subset of 8/s ports, the ascending ordering of antenna port indices  is preferred where antenna ports with the smallest indices are mapped to the first symbols and antenna ports with the largest indices mapped to the last OFDM symbols, among m symbols.  
  
Observation 4:  Single 8-AP resource SRS with TDM:ed antenna ports supported only with intra-slot operation.   

Observation 5: Single 8-AP SRS resource with TDM antenna ports can be applied  with consecutive OFDM symbols with m=2 and 4. 

Regarding to FFS whether TDM factor s is configured as an explicit parameter or determined from other parameters. Our preference is defined as explicit parameter.

Figure 3 shows an example of single UL SRS 8-AP resource  configuration with KTC=2, and  TDM:ed antenna ports without repetition and/or frequency hopping in two consecutive OFDM symbols/groups.  UE is configured with one UL SRS resource set with single 8-AP resource (i.e. SRI#1) with TDM:ed antenna ports. Single resource is configured with starting symbol 1, number of symbols (Ns) set to 2 and with  comb-2 with comb-offset 0 and 1, where for each comb-offset value 4-APs configured. It is worth noting that current specification supports Ns >1 only with repetition and/or frequency hopping.  
 [image: ]
[bookmark: _Ref127180655]Figure 3 an example of single UL SRS 8-AP resource , KTC=2, transmission with TDM:ed antenna ports with two consecutive symbols w/o repetition.
Proposal 2: Support only intra-slot configuration for single 8-AP SRS resource with TDM:ed antenna ports and multiple OFDM symbols.
Proposal 3:  Support the full set of TDM factor values, i.e. s=2 and 4
Proposal 4: Support ascending ordering of antenna port indices with TDM:ed antenna ports across m OFDM symbols.
Proposal 5: Support explicit TDM factor parameter. 
3	UL SRS Enhancements for TDD CJT
3.1 Randomized code and frequency domain resource mapping for SRS transmission
In general, UL SRS (i.e. cross-SRS) interference may become a serious issue impacting channel state information (CSI) quality that may limit potential merits (e.g.  interference reduction in downlink, throughput performance) of TDD based coherent joint transmission (CJT) for physical downlink data shared channel (PDSCH) transmission in multi-TRP scenarios. UL SRS interference or cross-SRS occurs when the different SRS sequences with corresponding SRS resources overlap in RE domain (i.e. sharing same symbol, RBs, and same comb offset).  To reduce the impact of the persistent UL cross-SRS interference on the same resource elements from different UEs, interference randomization in a form of UL SRS comb-offset hopping and cyclic shift hopping can be seen as attractive approach for Rel-18. 
	
 RAN1#112 Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability



In previous meeting RAN1#112 meeting, it was agreed that at least UL SRS cyclic shift and comb-offset hopping can be separately configured for the UE. Furthermore, it remained for further study, whether a combined cyclic shift and comb-offset hopping can be jointly configured for the UE. 
In general, a comb-offset hopping can enable the randomization of a set of interfering UEs at resource element level by using different comb-offset patters (i.e. set of comb-offset values).  Since the comb-offset hopping operates at resource element level, it can enable efficient way for interference randomization in the presence of strong interference. Especially, when UL SRS is configured with comb-4 or comb-8, there is, up to KTC = 4 or 8,  degrees of freedom available for interference randomization at RE-level.  However, when UL SRS is configured with Comb-2, available degrees of freedom for interference randomization are rather limited.  Therefore, there is a need to configure a cyclic-shift hopping either separately, as already agreed, and to enable further interference randomization where a combined operation with cyclic-shift hopping and  comb-offset hopping are at the same configured. As such, the cyclic-shift hopping can enable further flexibility for interference randomization by having larger number of cyclic-shift values, up to  6 or 8 or 12, in code domain with respect to comb-offset hopping. Cyclic-shift hopping enables configuring different cyclic-shift patterns (i.e. set of cyclic-shift value) for fixed set of resource elements shared with interfering UEs.  To enable further enhanced interference randomization,  UL SRS resource can be configured with the combined operation where the both comb-offset  and the cyclic-shift hopping are at the same time configured. As a result of this, the degrees of freedom for interference randomization can be scaled up to , where   is the maximum number of cyclic shift values and KTC is the number comb-offsets.
 Observation 6: Combined operation of comb-offset hopping and cyclic-shift hopping at the same time can provide enhanced interference randomization for Rel-18.
To simplify and reduce network implementation and standardization efforts, our preference is to define a single UE capability covering the both separate and combined operations of comb-offset hopping and cyclic-shift hopping.  
Observation 7: Single UE capability simplifies and reduces the implementation and standardization efforts.
Proposal 6: Support combined operation where UL SRS resource is configured with both cyclic-shift hopping and comb-offset hopping at the same time for Rel-18. 
Proposal 7: Support single UE capability to cover both separate and combined operations with cyclic-shift hopping and comb-offset hopping for Rel-18. 
4	List of RRC parameters
4.1 SRS Enhancement for 8 Tx Antenna Ports 
	RRC parameter name
	IE name
	Description
	Range
	Note

	nrofSRS-Ports-r18
	SRS-Resource
	Support of upto 8 SRS ports
	{[n6],n8}
	

	nrofTdmSubset
	SRS-Resource
	Number of TDMed subset of SRS resource.
	{n1(default),n2,[n4],[n8]}
	



4.2 UL SRS Enhancements for TDD CJT
	RRC parameter name
	IE name
	Description
	Range
	Note

	comboffsetHopping
	SRS-Resource
	Support of comb offset hopping
	enabled
	

	nrofCombOffset
	SRS-Resource
	Number of comb offsets used for hopping
	For comb 2, {n1, n2}
For comb 4, {n2} as default
For comb 8, {n4} as default
	Optional when Comb2 is configured.

	csHopping
	SRS-Resource
	Support of cyclic shift hopping
	enabled.
	

	[nrofCyclicShift]
	SRS-Resource
	Number of cyclic shift for hopping
	tbd
	

	srsHoppingID-r18
	SRS-Resource
	Initialization ID for cyclic shift and/or comb offset hopping
	{0~1023}
	



5	Conclusion
Hereafter is a summary of proposals and observations for SRS enhancement 
8TX UL support 
Proposal 1: Support the following port-comb offset mapping for =8 antenna ports {1000, 1004} are mapped on the first comb offset (0), {1001, 1005} on the second comb offset (2), {1002, 1006} on the third comb offset (4), and {1003, 1007} on the fourth comb offset (6).

Proposal 2: Support only intra-slot configuration for single 8-AP SRS resource with TDM:ed antenna ports and multiple OFDM symbols.
Proposal 3:  Support the full set of TDM factor values, i.e. s=2 and 4
Proposal 4: Support ascending ordering of antenna port indices with TDM:ed antenna ports across m OFDM symbols.
Proposal 5: Support explicit TDM factor parameter. 
TDD CJT support
Proposal 6: Support combined operation where UL SRS resource is configured with  both cyclic-shift hopping and comb-offset hopping at the same time for Rel-18. 
Proposal 7: Support single UE capability to cover both separate and combined operations with cyclic-shift hopping and comb-offset hopping for Rel-18. 
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