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1. Introduction
In this contribution, we provide our views on the enhancements of SRS in Rel-18.

2. Discussion on SRS enhancement TDD C-JT
In RAN1 #112 meeting, the following agreements and conclusions on SRS enhancements for C-JT to manage inter-TRP cross-SRS interference were identified [6].
	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

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 

Conclusion
No consensus to support SRS TD OCC for TDD CJT SRS enhancement in Rel-18.

Conclusion
No consensus to support the following for TDD CJT SRS enhancement in Rel-18:
· Further enhancements to frequency hopping 
· Sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· Precoded SRS for DL CSI acquisition
· Pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
· Configuration of v (sequence index within a group) per SRS resource
· Multiplying mask sequence to the legacy SRS sequence


In this section, the remained issues and some other potential SRS enhancement schemes for TDD CJT are respectively discussed.
2.1 Comb offset hopping and/or cyclic shift hopping
The SRS sequence group hopping and/or sequence hopping make the SRS interference randomize through SRS random sequence generation. It can be regarded as SRS randomization in code domain. Comb offset hopping  and cyclic offset hopping could be regarded as SRS randomization in frequency domain and code domain respectively. If SRS transmission with randomization in code domain and  frequency domain, this will make inter-TRS across SRS interference be more white. Therefore, at least comb offset hopping could combine with cyclic shift hopping and sequence group hopping and/or sequence hopping for randomizing across SRS interference caused by between SRS transmission of adjacent cell or users.
Proposal 1: At least comb offset hopping should be combined with SRS sequence group hopping and/or sequence hopping for randomizing across SRS interference.
Both cyclic shift hopping and sequence group hopping and/or sequence hopping belong to code domain randomization. Assume cyclic shift is hopping in a slot, it could achieve the same functionality with sequence group hopping and/or sequence hopping. In effect, there may be no difference for SRS interference randomization. If cyclic shift is hopping in inter-slot, cyclic shift hopping could also combine with sequence group hopping and/or sequence hopping to make SRS interference be more random. 
Observation 1: If cyclic shift is hopping in a slot, it is not necessary to comb cyclic shift hopping with SRS sequence group hopping and/or sequence hopping.
Proposal 2: If cyclic shift is hopping in inter-slot, combining cyclic shift hopping and sequence group hopping and/or sequence hopping can be supported.
Both comb offset hopping and cyclic shift hopping can randomize the SRS interference. Usually, it is enough that one of them is supported. The necessary of combining the two hopping needs to justify. If  comb offset hopping, cyclic shift hopping and sequence group hopping and/or sequence hopping are supported at the same time, UE will generate the sequence according to new cyclic shift value and new sequence group or sequence value. At the same time, UE will map SRS resource in frequency domain based on new comb offset value. We can observe that the implementation complexity of UE will be increased if all the three different hoppings are supported at the same time.  We suggest whether UE supporting the three hopping depends on UE capability.
Proposal 3: Whether combining cyclic shift hopping, comb offset hopping and sequence group hopping and/or sequence hopping depends on UE capability.
Based on discussion on initial ID of pseudo-random randomization sequence in the last meeting, the following proposal on it was given as follows.

	  Proposal: For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with  based on one of the following options:
· Option 1: New ID(s)
· Option 1-1: , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· Option 1-2:
· , where  is a new ID for cyclic shift hopping.
· , where  is a new ID for comb offset hopping.
· [, where  is a new ID for the combined cyclic shift and comb offset hopping, if supported.]
· If no ID is explicitly configured in RRC configuration, the SRS sequence identity  is used.
· FFS: the value range, e.g., 0~1023, 0~65535.
· Option 2: .
FFS: The initialization is further based on the system frame number , e.g., , where  is the ID for hopping initialization.


According to above discussion, cyclic shift hoping, comb offset hopping and sequence grouping and/or sequence hopping can be jointly or separately configured. In order to make the configuration of SRS be flexible, we prefer different new IDs are introduced for the three hoppiing. E.g.,  and  are respectively adopted to initialize the pseudo-random sequence of cyclic shift hopping and comb offset hopping. In current specification, the value range of initial ID for positioning SRS is 0~65535 since it can be transmitted on 8 or 12 OFDM symbols. For comb offset or cyclic shift hopping, SRS can be sent on more than four OFDM symbols in a slot as well. Thus, the value of range for  and  should also be configured in the range 0~65535.
Proposal 4: Different new ID can be defined for cyclic shift hopping is supported considering both comb offset hopping and cyclic shift hopping can be configured at the same time, and the value range of them can be 0~65535.
For legacy users, if the repetition factor R is configured by gNB, the comb offset is same on the R OFDM symbols. For comb offset hopping, assume hopping is based on symbol index  within a slot. The frequency domain location will be different on different symbols. If UE with comb offset hopping are multiplexed with legacy UE, they will be collided in frequency domain, which should be avoided. Therefore, comb offset hopping based on the repetition factor R within a slot should be supported. While there is no such issue for cyclic shift hopping even though cyclic shift is hopped based on the symbol index . The reason is that cyclic shift hopping is occurred in code domain, which can be multiplexed with legacy UE. Cyclic shift hopping within a slot can make SRS interference be more random. Hence, Option2 can be supported for cyclic shift hopping. 
For sequence group hopping and/or sequence hopping, the initial ID is reinitialized at the beginning of each radio frame. This method can be reused for reinitializing initial ID of cyclic shift hopping or comb offset hopping.
Proposal 5: Our view on the time-domain hopping behavior is given as follows.
· For comb offset hopping, Option1, i.e., within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions is supported.
· For cyclic shift hopping, Option2, i.e., within a slot, hopping based on only the symbol index is supported.
· The initial ID is reinitialized at the beginning of each radio frame. 
2.2 Power control of SRS resource
	[bookmark: _Hlk127540903]Proposal
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from the following options:
Option 1 (For TRP-common SRS):
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
Option 2 (For TRP-specific SRS):
M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource can be towards different TRPs
Only for P/SP SRS
Option 3 (For TRP-common and/or TRP-specific SRS):
M (M >= 1) power control processes for the SRS resource set where each of the M power control process is based on one P0 value, one closed loop state, and jointly on N (N >= 1) DL pathloss RS(s) and/or N alphas, where N can be different for different power control processes
A transmission occasion of the SRS resource can be towards N (i.e., one or multiple) TRP(s) based on which power control process is used
FFS: Only for P/SP SRS or for P/SP/AP


[bookmark: _Hlk120148978]
As discussed in last meeting, the SRS in option 1 used for UL channel estimation occupies less time resource compared with Option 2. And because more than one DL pathloss RS is indicated, UE can jointly take all the TRP’s path loss into consideration when it determines the transmit power of SRS to make sure that the receive power is enough even for the farthest TRP to perform channel estimation accurately.
In current specification, one power control parameters set {P0, alpha, PL-RS, closed loop index} is configured for one SRS resource set. If we want to configured different power control parameters for different subset of SRS resources as mentioned in option 2, these SRS resources can be configured in different SRS resource sets as shown in Figure 2(a). Then, different power control parameters sets are set up to them. In short, what Option 2 trying to do is already supported in current specification. The only difference is the configuration signaling, which is shown in Figure 2. We do not think this signaling enhancement is necessary. 
In short, Option1 should be supported.


Figure 2. Difference between Option 2 and SRS configuration in current specification
Proposal 6: Option1 should be supported.

3. SRS Enhancements on 8Tx UL SU-MIMO 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

For the uplink transmission with 8Tx, further enhancements on SRS design is needed for UE supporting more than 4 layers. In current spec, only maximum 4 transmission layers for the PUSCH is supported. The following issues needed to be solved for SRS enhancements with different usages targeting RANK-8 of the 8Tx uplink transmission.

SRS for codebook and antenna switching 
In order to support the codebook based PUSCH transmission, the supported number of SRS ports of SRS resource with usage of “codebook” needs to be extended to 8 for all SRS types including periodic, semi-persistent and aperiodic SRS. There are two approaches to sound 8-port SRS, 
1） one SRS resource with 8 ports;
2） multiple SRS resources of a sum of 8 ports;

For the first approach, the 8-port SRS design should not introduce new SRS sequence and new RE mapping patterns in order to guarantee the resource sharing with legacy UEs. Several methods may be considered for the 8-port SRS design as following, 
· Aggregate 8 cyclic shifts for a configured comb value; 
· For a configured comb value, 8 different ports can be allocated to different combs, evenly distribution within the PRB in FD is more preferred;  
· FD-OCC (OCC-2 or OCC-4) applied to a set of cyclic shifts(4 CSs or 2 CSs) configured on the same time and frequency resource allocation configured to generate 8 orthogonal CDM-ed ports based on the current configured Comb.
For the second approach, the benefit is also clear that no new 8-port SRS design is required. Multiple SRS resources to sound as 8 ports SRS can be configured within a same SRS resource set, and multiple SRS resource sets can be configured to the UE. So multiple SRS resource sets with the same usage “codebook” can be configured at the same time which cannot be supported by current spec. The SRI indication should be indicated according to one or more configured SRS resource set(s) and the legacy SRI mapping tables can be reused. 

In RAN1#110 meeting, the following agreement has been made on SRS of 8Tx [2][3]:
Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols
Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)
Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.
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.


In RAN1#111 meeting, the following agreement has been made on SRS of 8Tx [5]:
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 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)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


In RAN1#112 meeting, the following agreement has been made on SRS of 8Tx [6]:
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 non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.

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. 

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 ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.


For the SRS port mapping issue, we think reuse the legacy principle of SRS port mapping has more benefits.
So when the 8 ports are mapped onto one or more OFDM symbols and configured with  comb offsets, determine the mapping from the ports to comb offsets as follows:
· If , select one of the options: 
ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, {1001, 1003, 1005, 1007} on the second comb offset 
· If , select one of the options:
ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} are mapped on the third comb offset, and {1003, 1007} on the fourth comb offset.
Proposal 7: For the8-port SRS resource port mapping to more than one comb offsets, support the following 
· If , select one of the options: 
ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, {1001, 1003, 1005, 1007} on the second comb offset 
· If , select one of the options:
ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} are mapped on the third comb offset, and {1003, 1007} on the fourth comb offset.

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 2 or 4 subsets with each subset having 8/s different ports, since it has been agreed that Ng=4 is also used for partial coherent antenna groups.  In our view, 8 subsets leads to too many occupied OFDM symbols which makes repetition cannot be applied.
Proposal 8: For TDM multiplexing of 8-port SRS, support the 8 SRS ports of a 8-port SRS resource partitioned into 2 or 4 OFDM symbols.
Proposal 9: For TDM multiplexing of 8-port SRS, do not support s equals 8.
Proposal 10: Reuse the exiting port indexing within the subset of 8/s ports on one OFDM symbol.

For an 8-port SRS resource in a SRS resource set mapped onto m ≥ 2 OFDM symbols in a slot and with TDM factor s ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern, support cyclical mapping pattern of option 2-1 that the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols. If any collision happens to the SRS resource with any other UL channels, Option 2-1 would have a higher probability to have all the ports reserved after collision.

Proposal 11: For the port mapping of the repetition of TDM pattern, support option 2-1:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.

SRS for non-codebook
In RAN1 previous meetings, the following agreements have been made on SRS for NCB [2][3]:
Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.


To support the non-codebook based PUSCH transmission of up to RANK 8, the supported maximum number of SRS resources within a SRS resource set with usage of “non-codebook” need to be extended to 8. The spec effort to define new SRI tables would be needed according to the legacy indication method.
Also another approach is that 8 single-port SRS resources can be configured into multiple SRS resource sets. If different SRI indication fields may be used, one of the advantages is that legacy SRI tables can be reused for each SRI indication field which alleviate spec effort.
Proposal 12: For better scheduling flexibility, support configuration of up to 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources for non-codebook based PUSCH transmission.

In RAN1#110 meeting, the following agreement has been made on NCB based 8Tx transmission [3]:
Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms


For non-codebook based PUSCH transmission, the SRS resource set configuration has the following options for the CSI acquisition:
· Option 1: Up to 8 SRS resources can be configured in a SRS resource set, SRI table needs further extension or redesign, and the bitwidth would be up to 8bits, SRI table may need some re-definition to save DCI bits. 
· Option 2: Up to 8 SRS resources can be configured in a SRS resource set, SRI is indicated in bitmap of the corresponding SRS resources (up to 8 bits), but no effort on the definition of SRI tables. Comparing with option 1, the effort on SRI table definition and certain signaling overhead can be avoided.
· Option 3: Up to 8 SRS resources can be configured in at least 2 SRS resource sets, two SRI fields are at least needed for the indication according to the current SRI mapping tables. The SRS resource set with a lower ID is associated with the first SRS resource set which is corresponding to the first SRI field, and the SRS resource set of a higher ID is associated the second SRS resource set which is always corresponding to the second SRI field.
· Option 4: Up to 8 SRS resources can be configured in at least 2 SRS resource sets, one SRI field still can be used to indicate by bitmap corresponding to all SRS resources (up to 8 bits). e.g. the SRS resources in the first SRS resource set of a lower ID is corresponding to the 4 MSB bits and the SRS resources in the second SRS resource set of a higher ID is corresponding to the 4 LSB bits.
Proposal 13: For non-codebook based PUSCH transmission with 8Tx, SRI indicated by bitmap corresponding to all SRS resources configured are preferred for the simplicity without any effort on the design of new SRI tables.

4. Conclusion
In this contribution, we provide our views of the enhancements on SRS design, our proposals are as follows:
SRS enhancements on TDD C-JT:
Observation 1: If cyclic shift is hopping in a slot, it is not necessary to comb cyclic shift hopping with SRS sequence group hopping and/or sequence hopping.
Proposal 1: At least comb offset hopping should be combined with SRS sequence group hopping and/or sequence hopping for randomizing across SRS interference.
Proposal 2: If cyclic shift is hopping in inter-slot, combining cyclic shift hopping and sequence group hopping and/or sequence hopping can be supported.
Proposal 3: Whether combining cyclic shift hopping, comb offset hopping and sequence group hopping and/or sequence hopping depends on UE capability.
Proposal 4: Different new ID can be defined for cyclic shift hopping is supported considering both comb offset hopping and cyclic shift hopping can be configured at the same time, and the value range of them can be 0~65535.
Proposal 5: Our view on the time-domain hopping behavior is given as follows.
· For comb offset hopping, Option1, i.e., within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions is supported.
· For cyclic shift hopping, Option2, i.e., within a slot, hopping based on only the symbol index is supported.
· The initial ID is reinitialized at the beginning of each radio frame. 
Proposal 6: Option1 should be supported.

SRS enhancements on 8Tx UL:
Proposal 7: For the8-port SRS resource port mapping to more than one comb offsets, support the following 
· If , select one of the options: 
ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, {1001, 1003, 1005, 1007} on the second comb offset 
· If , select one of the options:
ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} are mapped on the third comb offset, and {1003, 1007} on the fourth comb offset.
Proposal 8: For TDM multiplexing of 8-port SRS, support the 8 SRS ports of a 8-port SRS resource partitioned into 2 or 4 OFDM symbols.
Proposal 9: For TDM multiplexing of 8-port SRS, do not support s equals 8.
Proposal 10: Reuse the exiting port indexing within the subset of 8/s ports on one OFDM symbol.
Proposal 11: For the port mapping of the repetition of TDM pattern, support option 2-1:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.

Proposal 12: For better scheduling flexibility, support configuration of up to 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources for non-codebook based PUSCH transmission.
[bookmark: _GoBack]Proposal 13：For non-codebook based PUSCH transmission with 8Tx, SRI indicated by bitmap corresponding to all SRS resources configured are preferred for the simplicity without any effort on the design of new SRI tables.
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