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1 Introduction
In RAN#94, a new Rel-18 WID on MIMO evaluation for DL and UL was approved. In this contribution, we elaborate our views on SRS enhancement targeting CJT and 8-Tx operation based on the agreements. 
2 Remaining issues for SRS Enhancement targeting TDD CJT and 8 TX operation
[bookmark: OLE_LINK1][bookmark: OLE_LINK39]In the following, we discuss the remaining issues for SRS enhancement targeting TDD CJT and 8 TX operation.
2.1 SRS sequence generation
Reason for change
There are two repeated interpretations of the symbol index l’ in clause 6.4.1.4.2 of 38.211[1]. The second one need to be removed for avoiding redundancy.
Summary of changes
Remove the second interpretation of the symbol index l’ in clause 6.4.1.4.2 of 38.211.
Consequence if not approved
There could be redundancy in the spec.
Text proposal 1: The following text change should be adopted in clause 6.4.1.4.2 of 38.211.
	[bookmark: _Toc146119853][bookmark: _Toc29230349][bookmark: _Toc26459699][bookmark: _Toc36026608][bookmark: _Toc19796473][bookmark: _Toc51774116][bookmark: _Toc45107447]6.4.1.4.2	Sequence generation
<unchanged part omitted>
The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
	
where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. The quantity  is the OFDM symbol number within the SRS resource.
<unchanged part omitted>
The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Resource IE or the SRS-PosResource IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Resource IE, in which case , or the SRS-PosResource-r16 IE, in which case . The quantity  is the OFDM symbol number within the SRS resource.
<unchanged part omitted>



2.2 SRS comb offset hopping
Reason for change
According to the agreement reached in RAN#113 meeting, comb offset hopping is performed based on the symbol index  of each symbol or the symbol index  of the first symbol across R repetition symbols. In current spec, the comb offset hopping function  is depending on , where if the higher-layer parameter hoppingWithRepetition is configured, , otherwise .  Hence, the comb offset hopping function should be written as  instead of  .
Summary of changes
Replace ‘’ with ‘’ in clause 6.4.1.4.3 of 38.211.
Consequence if not approved
Current form of comb offset hopping function  could cause ambiguity.
Text proposal 2: The following text change should be adopted in clause 6.4.1.4.3 of 38.211.
	[bookmark: _Toc51774117][bookmark: _Toc45107448][bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc146119854][bookmark: _Toc36026609]6.4.1.4.3	Mapping to physical resources
<unchanged part 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 hoppingWithRepetition is configured, , otherwise .
<unchanged part omitted>



2.3 SRS repetition
Reason for change
In Rel-18, TDM scheme is supported for 8-port SRS. The TDM factor s = 1 when TDM is not enabled, and s = 2 if TDM is enabled. When the repetition factor R given by the field repetitionFactor is configured, ; when R is not configured, R should be .  is the number of SRS symbols. This point should be correctly captured in the spec.
Summary of changes
Replace ‘’ with ‘’, and replace ‘otherwise, ’ with ‘otherwise, ’ in clause 6.4.1.4.3 of 38.211.
Consequence if not approved
Current description “The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise ”  in clause 6.4.1.4.3 of 38.211 is not correct.
Text proposal 3: The following text change should be adopted in clause 6.4.1.4.3 of 38.211.
	6.4.1.4.3	Mapping to physical resources
<unchanged part omitted>
The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is given by  if the higher-layer parameter nrofSRS-Ports-n8 equals ‘ports8tdm’, otherwise . The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise .
<unchanged part omitted>



2.4 SRS frequency hopping
Reason for change
In RAN1#112bis-e meeting[2], the following agreement was reached on SRS frequency hopping.
	Agreement (RAN1#112bis-e)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
· Note: applicable to the SRS resource with or without FH/RPFS.
· FFS the scenario where comb offset hopping is configured for the SRS resource.


Corresponding changes are needed to capture the agreement in clause 6.2.1.1 in 38.214[3].
Summary of changes
(1) Add descriptions to support frequency hopping for TDMed SRS.
(2) Capture the agreement for aperiodic SRS;
(3) Capture the agreement for semi-persistent and periodic SRS.
Consequence if not approved
The above agreement could not be correctly captured in the spec.
Text proposal 4: The following text change should be adopted in clause 6.2.1.1 of 38.214.
	[bookmark: _Toc27299946][bookmark: _Toc20318048][bookmark: _Toc11352158][bookmark: _Toc36645584][bookmark: _Toc45810633][bookmark: _Toc29673220][bookmark: _Toc29673361][bookmark: _Toc146641107][bookmark: _Toc29674354]6.2.1.1	UE SRS frequency hopping procedure
<unchanged part omitted>










[bookmark: _Hlk498001679][bookmark: _GoBack]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/S, and Ns is divisible by SR, where S=2 if the higher layer parameter [tdm] is configured, otherwise S=1. When S=1 and frequency hopping within an SRS resource in each slot is not configured (R=Ns) and comb offset hopping is not configured, each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When S = 2 and frequency hopping within an SRS resource in each slot is not configured (R=Ns/2), antenna ports {1000, 1001, 1004, 1005} of the SRS resource in each slot is mapped onto half of the  symbols and antenna ports {1002, 1003, 1006, 1007} of the SRS resource in each slot is mapped onto the other half of the  symbols to the same set of subcarriers in the same set of PRBs according to clause 6.4.1.4.2 of [4, TS 38.211]. When S=1 and frequency hopping within an SRS resource in each slot is not configured (R=Ns) and comb offset hopping is configured, each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the subcarriers in the same set of PRBs according to clause 6.4.1.4.3 of [4, TS 38.211]. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and 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 SR adjacent OFDM symbols, and frequency hopping across the  sets is according to the SRS hopping parameters , and , where  should be divisible by , if comb offset hopping is not configured.
For operation with shared spectrum channel access in FR1, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.

A UE may be configured  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  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  sets of SR adjacent OFDM symbols, when frequency hopping is configured with R ≥ 2, Ns ≥ SR 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 SR adjacent OFDM symbols of the resource if comb offset hopping is not configured.

A UE may be configured 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  symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the 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  sets of SR adjacent OFDM symbol(s) of the resource in each slot, where  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 SR adjacent OFDM symbols of the resource in each slot. For Ns= SR, 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 SR adjacent OFDM symbol(s) of the resource in each slot if comb offset hopping is not configured.
<unchanged part omitted>



2.5 SRS dropping
Regarding the dropping rule for TDM SRS, the following proposal was proposed by FL and discussed during RAN1#114 meeting[4], but no agreement was reached.
	Proposal (proposed by FL during RAN1#114) 
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully/partially coherent and a coherent port group spanning s OFDM symbols, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.


Regarding the port splitting scheme for TDM SRS, which could impact the dropping rule, the following agreement was reached in RAN1#114 meeting.
	Agreement (RAN1#114)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
· Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.


For an 8-port SRS resource, when the 8 ports are partially coherent, 
· if the number of coherent port groups is Ng=2, ports {1000, 1001, 1004, 1005} belong to a coherent port group and  ports {1002, 1003, 1006, 1007} belong to the other coherent port group; 
· if the number of coherent groups is Ng=4, ports {1000, 1004}, {1001, 1005}, {1002, 1006}, {1003, 1007} belong to 4 respective coherent port groups. 
Hence, according to the above agreement, for an 8-port SRS configured with TDM and whose 8 ports are partially coherent, a coherent port group won’t span two TDMed OFDM symbols. Then the issue can be simplified as that, for an 8-port SRS resource configured with TDM and whose 8 ports are fully coherent, the 8 ports are mapped onto Ns OFDM symbols in a slot according to the pattern {{1, 2}, …, {1, 2}} (totally Ns/2 groups of TDMed SRS symbols of {1, 2}), within each group of TDMed SRS symbols, when one SRS symbol is dropped due to collision with a higher-priority up-link signal,  whether UE should drop the other SRS symbol.
Figure 1 shows an example where an 8-port SRS resource is configured with TDM and is associated with a fully-coherent PUSCH (i.e., the 8 ports of the SRS resource are fully coherent). The SRS resource is mapped onto Ns = 4 symbols, including two groups of TDMed SRS symbols. The second SRS symbol in the first group and the first SRS symbol in the second group are dropped due to collision, but the two non-collided SRS symbols in the two groups can be combined to construct a full 8-port SRS transmission. In this case, if the two non-collided SRS symbols can be used to obtain a valid 8-port channel estimate, UE should transmit the two non-collided SRS symbols, otherwise UE should drop the two non-collided SRS symbols. Due to phase inconsistency at UE side, the coherence between two SRS symbols could be broken if the time distance between them is too long (e.g., longer than 4 symbols). In other words, for the example in figure 1, although the two SRS symbols can be combined to construct a full 8-port SRS transmission, if the time distance between them is longer than a threshold (e.g., 4 symbols), they cannot be used to derive a valid 8-port channel estimate. Therefore, whether UE should drop the other non-collided SRS symbol within a group of TDMed SRS symbols should further depend on an SRS coherent time restriction.
[image: ]
Figure 1 A example where two non-collided SRS symbols in two groups of TDMed SRS symbols can be combined to construct a full 8-port SRS transmission
Based on the above analysis, the dropping rule should be as follows:
For an 8-port SRS resource configured with TDM and whose 8 ports are fully coherent, the 8 ports are mapped onto Ns OFDM symbols in a slot according to the pattern {{1, 2}, …, {1, 2}} (totally Ns/2 groups of TDMed SRS symbols of {1, 2}), within each group of TDMed SRS symbols, when one SRS symbol is dropped due to collision with another higher-priority uplink signal,
· If the other non-collided SRS symbol cannot be combined with another SRS symbol of the SRS resource within the SRS coherent time (e.g., 4 symbols) before or after the other non-collided SRS symbol to construct a full 8-port SRS transmission, UE should drop the other non-collided SRS symbol,
· Otherwise, UE should transmit the other non-collided SRS symbol.
· Note that, the other higher-priority uplink signal refers to aperiodic SRS for semi-persistent/periodic SRS, and refers to aperiodic/semi-persistent SRS for periodic SRS.
Revisiting the example in figure 1, where the two non-collided SRS symbols in two groups of TDMed SRS symbols can be combined to construct a full 8-port SRS transmission, if the time distance between them is no longer than the SRS coherent time, then UE should transmit the two non-collided SRS symbols.
For the example in figure 2, where an 8-port SRS resource is configured with TDM and associated with a fully-coherent PUSCH (i.e., the 8 ports of the SRS resource are fully coherent). The SRS resource is mapped onto Ns=2 symbols, and the second SRS symbol is dropped due to collision with another higher-priority uplink signal. The non-collided SRS symbol cannot be combined with another SRS symbol of the SRS resource to construct a full 8-port SRS transmission, then UE should drop the non-collided SRS symbol.
[image: ]
Figure 2 A example where a non-collided SRS symbols in a group of TDMed SRS symbols cannot be combined with another SRS symbol of the SRS resource to construct a full 8-port SRS transmission
Proposal 1: For an 8-port SRS resource configured with TDM and whose 8 ports are fully coherent, the 8 ports are mapped onto Ns OFDM symbols in a slot according to the pattern {{1, 2}, …, {1, 2}} (totally Ns/2 groups of TDMed SRS symbols of {1, 2}), within each group of TDMed SRS symbols, when one SRS symbol is dropped due to collision with another higher-priority uplink signal,
· If the other non-collided SRS symbol cannot be combined with another SRS symbol of the SRS resource within the SRS coherent time (e.g., 4 symbols) before or after the other non-collided SRS symbol to construct a full 8-port SRS transmission, UE should drop the other non-collided SRS symbol,
· Otherwise, UE should transmit the other non-collided SRS symbol.
· Note that, the other higher-priority uplink signal refers to aperiodic SRS for semi-persistent/periodic SRS, and refers to aperiodic/semi-persistent SRS for periodic SRS.
Text proposal 5: Based on proposal 1, the following text change should be adopted in clause 6.2.1 of 38.214.
	[bookmark: _Toc29673219][bookmark: _Toc20318047][bookmark: _Toc146641106][bookmark: _Toc11352157][bookmark: _Toc29674353][bookmark: _Toc27299945][bookmark: _Toc29673360][bookmark: _Toc45810632][bookmark: _Toc36645583]6.2.1	UE sounding procedure
<unchanged part omitted>
In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted. 
In case a SRS resource with nrofSRS-Ports set as ‘n8’ and [tdm] is scheduled on Ns adjacent OFDM symbols in a slot, and the SRS resource is associated with a PUSCH transmission with codebookType set to ‘codebook1’, antenna ports {1000, 1001, 1004, 1005} of the SRS resource are mapped onto half of the Ns adjacent OFDM symbols, antenna ports {1002, 1003, 1006, 1007} of the SRS resource are mapped onto the other half of the Ns OFDM symbols according to clause 6.4.1.4.2 of [4, TS 38.211], for each two adjacent OFDM symbols of the Ns OFDM symbols which are TDMed, if only one of the two adjacent OFDM symbols is configured with higher-priority up-link signal, UE shall drop the SRS symbol overlapping with the higher-priority uplink signal, and
· if the other SRS symbol from the two adjacent OFDM symbols carries antenna ports {1000, 1001, 1004, 1005} of the SRS resource, and antenna ports {1002, 1003, 1006, 1007} cannot be transmitted on another SRS symbol of the SRS resource no earlier than [X] symbols before, or no later than [X] symbols after the other SRS symbol, UE shall drop the other SRS symbol,
· if the other SRS symbol from the two adjacent OFDM symbols carries antenna ports {1002, 1003, 1006, 1007} of the SRS resource, and antenna ports {1000, 1001, 1004, 1005} cannot be transmitted on another SRS symbol of the SRS resource no earlier than [X] symbols before, or no later than [X] symbols after the other SRS symbol, UE shall drop the other SRS symbol,
· Otherwise, UE shall transmit the other SRS symbol from the two adjacent OFDM symbols.
· The higher-priority uplink signal refers to aperiodic SRS for semi-persistent/periodic SRS, and refers to aperiodic/semi-persistent SRS for periodic SRS.
<unchanged part omitted>



3 Conclusion
In this contribution, we discussed the remaining issues for SRS enhancement targeting CJT and 8 TX operation in Rel-18. Proposals are listed as follows and text proposals are stated as above. 
Proposal 1: For an 8-port SRS resource configured with TDM and whose 8 ports are fully coherent, the 8 ports are mapped onto Ns OFDM symbols in a slot according to the pattern {{1, 2}, …, {1, 2}} (totally Ns/2 groups of TDMed SRS symbols of {1, 2}), within each group of TDMed SRS symbols, when one SRS symbol is dropped due to collision with another higher-priority uplink signal,
· If the other non-collided SRS symbol cannot be combined with another SRS symbol of the SRS resource within the SRS coherent time (e.g., 4 symbols) before or after the other non-collided SRS symbol to construct a full 8-port SRS transmission, UE should drop the other non-collided SRS symbol,
· Otherwise, UE should transmit the other non-collided SRS symbol.
· Note that, the other higher-priority uplink signal refers to aperiodic SRS for semi-persistent/periodic SRS, and refers to aperiodic/semi-persistent SRS for periodic SRS.
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