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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 #112bis e-meeting, the following agreements and conclusions on SRS enhancements for C-JT to manage inter-TRP cross-SRS interference were identified [7].
	Agreement
For a SRS resource configured with comb offset hopping and/or cyclic shift hopping, 
· If the repetition factor R = 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· If the repetition factor R > 1, 
· For cyclic shift hopping, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· For comb offset hopping, within a slot, the time-domain hopping behavior depends on one of the following alternatives:
· Alt1: The OFDM symbol index  of the first symbol across the R repetitions.
· Alt2: The OFDM symbol index  of each symbol.
· Alt3: The OFDM symbol index  of each symbol or the first symbol across the R repetitions based on configuration, and FFS configuration details.

Agreement
For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023

Agreement
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.

Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
· FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design. 
· FFS: UE feature/capability design details.

Conclusion
No consensus on enhanced per-TRP power control and/or power control of one SRS towards to multiple TRPs in Rel-18.


In this section, the remained issues on comb offset hopping and/or cyclic shift hopping are further discussed.

The time-domain hopping behavior for comb offset hopping with the repetition factor R>1
According to above agreement, time domain hopping behavior depends on the following Opt1 or Opt2 based on RRC configuration for comb offset hopping: 
· Opt1: Time domain hopping behavior depends on OFDM symbol index  of each symbol 
· Opt2: Time domain hopping behavior depends on OFDM symbol index  of the first symbol across the R repetitions. 
One remained issue is that which configuration condition adopts Opt1 or Opt2. In current specification, the repetition factor R∈{1,2,3,4,5,6,7,8,10,12,14} and comb value KTC {2,4,8} can be configured  by RRC signaling. When , even comb offset hopping depends on OFDM symbol index , there is still some repeated SRS symbols. This implies that the repetition gain is still obtained. Otherwise, when , if hopping still depends on OFDM symbol index, the repetition gain will not be obtained for such case. Hence, we provide the following proposal.
Proposal 1: For comb offset hopping, when, the time-domain hopping behavior depends on the OFDM symbol index   of each symbol. Otherwise, the time-domain hopping behavior depends on the OFDM symbol index   of the first symbol across the R repetitions.
On the determination on N
In current specification, the periodicity of SRS can be configured as 1,2,4,5,8,10, 16, …, 2560 slots. When the periodicity of SRS is smaller than 10* slots, =0,1,…, i.e., the number of slots in a radio frame. The interference of SRS can be randomized through reinitializing SRS comb offset hopping or cyclic shift hopping at the beginning of every radio frame. When periodicity of SRS is no less than 10* slots, the interference of SRS may be fixed if reinitializing the hopping at the beginning of every radio frame. In order to address the issue, the hopping reinitialization should be at the beginning of N>1 radio frames. For one periodicity value P of SRS, the number of radio frames is no more than . For randomizing SRS interference when the value P is no less than 10* slots, hopping should be reinitialized within X >1 periodicities. Then, the value N is equal to X*. Since P is configured by gNB, the value N should be configurated as well. As for the value X, it can be a fixed value, e.g., X=10. The other value can be FFS.
Proposal 2: The value of N is configured by RRC signaling and N= X*, where P denotes the periodicity of SRS, X is a fixed value, e.g., X=1, and the value X can be FFS.
Applicability to SRS
For periodic or semi-persistent (P or SP) SRS, the inter-TRP cross-SRS interference is always exist once the SRS interference is occurred in one periodicity.  In order to avoid persistent interference for P/SP SRS, SRS randomization is helpful to improve system performance. For aperiodic SRS, the cross-SRS interference still occurs if more than one SRS are transmitted at the same time-frequency resource. There are two ways to address the issue. One way is that the interference can be avoided by network configuration so that SRS resources are transmitted at different instances. Such way means that it does not need to enhance SRS. The other way is the interference is randomized by using comb offset hopping or cyclic shift hopping, just like application to P/SP SRS. Since the functionality of comb offset hopping /cyclic shift hopping has been supported, SRS comb offset hopping/cyclic shift hopping can also be configured for aperiodic SRS considering the hopping scheme provides another reducing SRS interference method other than network configuration. The work item for SRS enhancement in Rel-18 is targeting TDD CJT. Comb offset hopping/cyclic shift hopping configured for SRS with usage antenna switching has been supported. It needs to study the feasibility or the benefit of configuring comb offset hopping or cyclic shift hopping for SRS with usage codebook, non-codebook or beam management. Considering the limited TU on this topic, configuring comb offset hopping/cyclic shift hopping for SRS with usage codebook, non-codebook or beam management is not supported at this stage. 
Proposal 3: SRS comb offset hopping/cyclic shift hopping can be configured for aperiodic SRS, and only be applied to the usage antenna switching.
Cyclic shift hopping / comb offset hopping combined with group / sequence 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 randomization. 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 4: 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 similar functionality with sequence group hopping and/or sequence hopping. In the term of performance, there may be no difference for SRS interference randomization between them. Therefore, it is enough that only one hopping for cyclic shift hopping and sequence group hopping and/or sequence hopping is supported at a time. If cyclic shift hopping and sequence group hopping and/or sequence hopping are required to configure at a time, the benefit should be justified. 
Proposal 5: Only one of cyclic shift hopping and sequence group hopping and/or sequence hopping at a time for randomizing across SRS interference 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 hopping are supported at the same time.  We suggest whether UE supporting the three hopping depends on UE capability. If two hopping methods are supported at a time, whether to support joint hopping design for them can be further to study.
Proposal 6: Whether combining cyclic shift hopping, comb offset hopping and sequence group hopping and/or sequence hopping depends on UE capability.
In the scenario of TDD CJT, both SRS transmission without comb offset hopping/cyclic shift hopping and with comb offset hopping/cyclic shift hopping for respective legacy users and enhanced user in Rel-18 are exist. Once the legacy user has been firstly accessed a cell. The enhanced UE may use the same time-frequency resource to transmit SRS when comb offset/cyclic shift hopping is configured for SRS transmission. This results the across SRS interference between legacy UE and the enhanced UE. In order to address the problem, only subset of comb offset or cyclic shift is configured for enhanced UE. Therefore, a subset of comb offset or cyclic shift can be configured when comb offset or cyclic shift hopping is configured.
Proposal 7: Configuring a subset of comb offset or cyclic shift for comb offset hopping or cyclic shift hopping is supported.
Hopping equations 
In current specification, the hopping equation is  for group hopping. There are two options to define the hopping equation for comb offset hopping or cyclic shift hopping. The first option is that the pseudo-random sequence function of comb offset hopping or cyclic shift hopping is same to that of group hopping, i.e., , and  or , where  and denote the comb value and the maximum cyclic shift. The second option is that new pseudo-random sequence function is defined for comb offset hopping and cyclic shift hopping. For example, the hopping equation can be defined as  or , where Y=, t and T respectively denote the slot of SRS transmission and the periodicity of SRS. Compared with the first option, the second option is more flexible due to more hopping function introduced. 
Proposal 8: For the hopping equations of comb offset hopping and cyclic shift hopping, the following two ways can be considered:
· Option1: , where  or 
· Option2:  or , where Y=, t and T respectively denote the slot of SRS transmission and the periodicity of SRS.

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].


· Non-TDMed 8-port SRS 
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.


In RAN1#112bis meeting, the following agreement has been made on SRS of 8Tx [7]:
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 symbol.
· For comb =4, . For comb =8, . For port , .
· 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.



For the non-TDMed 8-port SRS used for antenna switching or codebook, the left issue is how to decide the cyclic shift /comb offset mapping. Whether the cyclic shifts on different comb offsets should be aligned or not needs further discussion. For Option 1, each port of the SRS would transmit from an antenna, we can’t see a PAPR issue existing here. Option.1 follows the legacy of 4 ports for comb-8 case, the extension of aligned cyclic shifts can ensure that the same interval distance of different cyclic shifts among multiple comb offsets to avoid performance degradation.
Proposal 9: Option 1 of the aligned cyclic shifts among different comb offsets is preferred with comb-4 or comb-8 for non-TDMed 8-port SRS.

· TDMed 8-port SRS 
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’ 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 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 10: For TDM multiplexing of 8-port SRS, support the 8 SRS ports of a 8-port SRS resource equally partitioned into 2 or 4 OFDM symbols.
Proposal 11: For TDM multiplexing of 8-port SRS, do not support s equals 8.
Proposal 12: Reuse the exiting port indexing within the subset of 8/s ports on one OFDM symbol.

In RAN1#112bis meeting, the following agreement has been made on SRS of 8Tx [7]:
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, 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, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.



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, legacy dropping rule on the collisioned symbols would be preferred as a collision rule which can still reserve the remaining ports in a subset for more chances of detection. Additionally, the cyclic mapping of the subsets ensures a higher chance to reserve all the ports when collision occurs.

Proposal 13: For the port mapping of the repetition of TDM pattern, support legacy dropping rule when collision occurs,
· A UE does not drop the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· A UE does not change the transmission order of the subsets of ports.

· 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 14: 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.

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:
Proposal 1: For comb offset hopping, when, the time-domain hopping behavior depends on the OFDM symbol index   of each symbol. Otherwise, the time-domain hopping behavior depends on the OFDM symbol index   of the first symbol across the R repetitions.
Proposal 2: The value of N is configured by RRC signaling and N= X*, where P denotes the periodicity of SRS, X is a fixed value, e.g., X=1, and the value X can be FFS.
Proposal 3: SRS comb offset hopping/cyclic shift hopping can be configured for aperiodic SRS, and only be applied to the usage antenna switching.
Proposal 4: At least comb offset hopping should be combined with SRS sequence group hopping and/or sequence hopping for randomizing across SRS interference.
Proposal 5: Only one of cyclic shift hopping and sequence group hopping and/or sequence hopping at a time for randomizing across SRS interference can be supported.
Proposal 6: Whether combining cyclic shift hopping, comb offset hopping and sequence group hopping and/or sequence hopping depends on UE capability.
Proposal 7: Configuring a subset of comb offset or cyclic shift for comb offset hopping or cyclic shift hopping is supported.
Proposal 8: For the hopping equations of comb offset hopping and cyclic shift hopping, the following two ways can be considered:
· Option1: , where  or 
· Option2:  or , where Y=, t and T respectively denote the slot of SRS transmission and the periodicity of SRS.

SRS enhancements on 8Tx UL:
Proposal 9: Option 1 of the aligned cyclic shifts among different comb offsets is preferred with comb-4 or comb-8 for non-TDMed 8-port SRS.
Proposal 10: For TDM multiplexing of 8-port SRS, support the 8 SRS ports of a 8-port SRS resource equally partitioned into 2 or 4 OFDM symbols.
Proposal 11: For TDM multiplexing of 8-port SRS, do not support s equals 8.
Proposal 12: Reuse the exiting port indexing within the subset of 8/s ports on one OFDM symbol.
Proposal 13: For the port mapping of the repetition of TDM pattern, support legacy dropping rule when collision occurs,
· A UE does not drop the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· A UE does not change the transmission order of the subsets of ports.
· Proposal 14: 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.
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