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

 Discussion on SRS enhancement TDD C-JT
In RAN1 #110bis-e meeting, the following conclusions on SRS enhancements for C-JT to manage inter-TRP cross-SRS interference were identified [1].
Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.
Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS

According to these conclusions, increasing the maximum number of cyclic shifts and partial frequency sounding extensions for CJT SRS are not discussed. In this contribution, other enhancement schemes are respectively discussed in the following subsection.
Randomized frequency-domain resource mapping for SRS transmission
In [1], the following agreements on randomized frequency-domain resource mapping and randomized code-domain resource mapping were achieved.
	Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.

Agreement
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded



In the current specification, comb offset is calculated through the following expression:
,
where

and  is configured by gNB. According to the above agreements, comb hopping can be adopted to randomize SRS interference. The randomization of comb offset can be generated by random sequence, which is similar to SRS group hopping. SRS group hopping is defined as

where the pseudo-random sequence  is initialized with  at the beginning of each radio frame, and  is configured by gNB. Similarly to SRS group hopping, comb hopping can be expressed as
  or ,where  can be defined as similar to , and Y can be the index of SRS symbol index, slot index, cell ID or TRP ID, etc. However, the pseudo-random sequence  should be defined the function of cell ID or TRP ID , e.g., , such that the comb hopping value keep same. In this way, gNB can ensure to avoid the SRS transmission interference in the same cell through SRS resource configuration. For randomization code-domain resource mapping, the similar method can be used to make cycle shift hopping.
Proposal 1: Comb hopping or cycle shift hopping is implemented by defining a randomization sequence function which is initialized with cell ID or TRPID.

Randomized transmission of SRS
gNB can implement joint channel estimation for the received SRS at different instance to improve channel estimation accuracy. If SRS is transmitted with randomization muting, joint channel estimation for SRS will not be effectively implemented, which may degrade the channel estimation accuracy. In addition, for partial frequency sounding, if the higher-layer parameter EnableStartRBHopping is configured, four SRS transmission periods are required to sounding the whole bandwidth when PF=4. But, if SRS transmission is muted with randomization, it will consume more than four SRS transmission periods to sound the whole bandwidth. From this perspective, the application of this scheme has its limitation. 
Proposal 2: Randomized transmission of SRS is not supported considering channel estimation accuracy and its application limitation.
SRS TD OCC
In [1], the following agreement on SRS TD-OCC was achieved.
	
Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.



SRS capacity can be increased through TD OCC. However, the application of SRS TD OCC has too much restriction. For example, if four SRS resource are multiplexed through TD OCC. At least each SRS resource are configured on adjacent 4 OFDM symbols. At the same time, four SRS resource are simultaneously transmitted. Once one condition is not satisfied, TD OCC can not work well.   
Proposal 3: SRS TD OCC is not supported considering its too restriction on application condition. 

Enhanced signaling for flexible SRS transmission
In the RAN1#110bis-e meeting, the following preliminary proposal on enhanced signaling for flexible SRS transmission was provided.
	Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· Power control parameter
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation



In order to make SRS interference randomize, SRS can be flexibly transmitted through enhanced signaling.  For example, the starting position of comb or partial frequency sounding can be dynamically changed through high layer parameter configuration. Partial frequency sounding has been supported in Rel-17, since it can be used to improve SRS capacity and coverage. In order to dynamically change the starting position of comb, it is straightforward that RPFS parameters is dynamically updated through enhanced signaling. The specification efforts are limited.
Proposal 4: Enhanced signaling for flexible SRS transmission through dynamic update of RPFS parameters can be supported due to its less specification efforts.


SRS Enhancements on 8Tx UL SU-MIMO 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [4], 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
In previous meetings, the following agreements have been made on SRS of 8Tx [2][3][4]:
Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH

Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)
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 one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.


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. 
Proposal 5: Support two approaches can be supported for 8-port SRS with usage “codebook”,
1） To sound a single 8-port SRS resource over all Tx antennas; 
2） To sound over multiple SRS resources of a sum of 8 ports; 
· SRS for antenna switching

In RAN1#110 meeting, the following agreement has been made on SRS of 8Tx [3][4]:
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.

The SRS configured for antenna switching also needs to be enhanced for all SRS types including periodic, semi-persistent and aperiodic SRS. The antenna switching configuration supportedSRS-TxPortSwitch of “8T8R” should be specified. UE reports a combo of antenna switching configurations as UE capabilities.
[bookmark: _GoBack]For 8Tx, SRS resources for antenna switching can also be sounded with different antenna groups in different symbols. Multiple SRS resource sets are needed for the sounding of different antenna groups.
Proposal 6: Support SRS for AS transmitted in multiple symbols with different antenna port groups mapping to different symbols;
Proposal 7: The SRS resource enhancements for AS/CB/NCB can be applied to all P/SP/AP SRS.

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: Comb hopping or cycle shift hopping is implemented by defining a randomization sequence function which is initialized with cell ID or TRPID.
Proposal 2: Randomized transmission of SRS is not supported considering channel estimation accuracy and its application limitation.
Proposal 3: SRS TD OCC is not supported considering its too restriction on application condition. 
Proposal 4: Enhanced signaling for flexible SRS transmission through dynamic update of RPFS parameters can be supported due to its less specification efforts.

SRS enhancements on 8Tx UL:
SRS for CB:
Proposal 5: Support two approaches can be supported for 8-port SRS with usage “codebook”,
1） To sound a single 8-port SRS resource over all Tx antennas; 
2） To sound over multiple SRS resources of a sum of 8 ports; 

SRS for AS:
Proposal 6: Support SRS for AS transmitted in multiple symbols with different antenna port groups mapping to different symbols;
Proposal 7: The SRS resource enhancements for AS/CB/NCB can be applied to all P/SP/AP SRS.
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