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1. [bookmark: _Ref521334010]Introduction
In RAN #86 meeting, the enhancements for SRS in Rel-17 were agreed and the following enhancements for SRS were approved [1]:
	Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency


In this document, we provide our considerations on the enhancements for SRS in Rel-17.
2. Enhancements on SRS flexibility
According to TS38.214, an ‘SRS request’ field in DCI triggers a set of SRS resource sets, with an slot-level offset configured for each SRS resource set by RRC signalling. When an aperiodic SRS resource set with an offset of X slots is triggered by a DCI in slot n, the SRS is expected to be transmitted in slot n+X. If slot n+X is not an UL slot, the SRS transmission would be dropped. The RRC configured slot offset and the timing of SRS transmission for aperiodic SRS restrict the choice of possible PDCCH and SRS locations and SFI indications. 
One solution to enable more flexible aperiodic SRS triggering is to revise the timing for aperiodic SRS transmission, e.g. allowing the aperiodic SRS to be transmitted in the first available UL slots. 
Dynamic offset indication also can facilitate more flexible triggering for aperiodic SRS, i.e. the offset for an SRS resource is indicated by DCI and/or MAC-CE signalling. Considering dynamic slot offset indication, an additional slot offset for the SRS resource sets triggered by a DCI can be indicated by the DCI, then the SRS of an SRS resource set is expected to be transmitted in slot n+X+k, where n is the slot where the DCI is transmitted, X is the slot offset configured by RRC signaling, k is the additional slot offset indicated by the DCI.
In Rel-16, the maximum number of trigger states to trigger aperiodic SRS transmission is 3. When one trigger state is indicated by DCI, all the SRS resources configured with the trigger state would be triggered simultaneously. Extending the maximum number of trigger states would provide additional flexibility for aperiodic SRS triggering. 
In Rel-16, codebook based PUSCH transmission is associated with the most recent transmission of SRS resource identified by SRI, where the SRS resource is prior to the PDCCH carrying the SRI. It implies that if an SRS resource is configured in both an SRS resource set for ‘codebook’ and an SRS resource set for ‘antennaSwitching’ /‘bemaManagement’, the SRS resource set for ‘antennaSwitching’ and the SRS resource set for ‘bemaManagement’ are used for codebook based PUSCH transmission. However, SRI is used to identify SRS resources configured in the SRS resource set for ‘codebook’. In order to facilitate codebook based PUSCH transmission, an SRS resource set for ‘codebook’ has to be configured, and only the SRS transmission corresponding to an SRS resource that is configured in the SRS resource set for ‘codebook’ can be used to determine the PUSCH ports. 
There are lots of benefits to facilitate better reuse of SRS resource set for ‘antennaSwitching’ and SRS resource set for ‘codebook’, which is not restricted to the overlapped SRS resources of the two SRS resource sets:
- Firstly, if the enhancement allows codebook based PUSCH transmission without SRS resource set of usage set to ‘codebook’ or DL CSI acquisition without SRS resource set of usage set to ‘antenaSwitching’, the RRC signaling overhead can be reduced.
-Secondly, more flexible triggering for aperiodic SRS is possible, e.g. for the UL CSI acquisition of codebook based PUSCH, either the SRS resource set for ‘codebook’ or the SRS resource set for ‘antennaSwitching’ can be triggered;
-Thirdly, the DCI overhead can be reduced by triggering SRS resource set(s) with usage set to ‘antennaSwitching’ /’codebook’ for both DL CSI acquisition and UL CSI acquisition;
-Fourthly, antenna selection among antennas that can’t be transmitted simultaneously would be enabled for codebook based PUSCH transmission. In Rel-16, only one SRS resource set can be configured with usage set to ‘codebook’ and there is no guard period among SRS resources in the SRS resource set. Even if there is no UL signals scheduled between 2 SRS resources in the SRS resource set of usage set to ‘codebook’, UE is not able to transmit the two SRS resources with 2 different antennas/antenna sets. Hence, SRS of usage ‘codebook’ cannot be efficiently used for antenna switching with the current Rel.16 design. This can be enabled by allowing all the SRS resources in the SRS set(s) for ‘antennaSwitching’ to be used for codebook based PUSCH transmission, or by allowing the SRS transmission of the SRS resource set for ‘codebook’ in an antenna switching manner. 
Proposal 1
· The following solutions are considered for the enhancements on aperiodic SRS triggering:
· Option 1: Dynamic timing of aperiodic SRS transmission;
      - e.g. the SRS of an SRS resource set triggered by a DCI in slot n is expected to be transmitted in the first available UL slot from n+X, where X is the slot offset configured by RRC signaling;
· Option 2: Dynamic slot offset configuration; 
- e.g. an additional slot offset for the SRS resource sets triggered by a DCI is indicated by the DCI, the SRS of an SRS resource set triggered by a DCI in slot n is expected to be transmitted in slot n+X+k, where X is the slot offset configured by RRC signaling, k is the additional slot offset indicated by the DCI.
· Option 3: Extend the maximum number of trigger states for aperiodic SRS to be larger than 4.
Proposal 2
· For SRS usage reduction:
· Study the solutions for better reuse of SRS resource set(s) with usage of ‘antennaSwitching’ and SRS resource set with usage of ‘codebook’, including the following to cases:
· Reuse SRS resource set(s) with usage of ‘antennaSwitching’ for codebook based PUSCH transmission;
· Reuse SRS resource set(s) with usage of ‘codebook’ for DL CSI acquisition.

3. SRS for antenna switching
In Rel-16, DL CSI acquisition with SRS sounding supports up to 4 DL layer transmission, e.g. a maximum of 4 DL ports needs to be sounded by SRS. . Since up to 8 DL layers is supported in NR, 6 Rx and/or 8 Rx schemes of SRS for DL CSI acquisition (i.e. SRS for antenna switching) are expected to be supported in Rel-17. 
Enhancing SRS for antenna switching is to solve the following two issues:
· Issue 1: Identifying new antenna switching scheme(s);
· Issue 2: Defining the SRS configurations for the new scheme(s).
Since 2, 4 or 8 can be reported as the number of supported DL MIMO layers by a UE, at least SRS for antenna switching with 8Rx should be considered in Rel-17. For antenna switching schemes with 8Rx, 2T8R and 4T8R can be considered as a start. Whether 1T8R and xT6R is supported depends on whether there is such UE implementation.
In TS38.306, multiple UE capabilities on SRS antenna switching schemes are supported. In TS38.214, SRS configuration restrictions for each antenna switching scheme are specified. For each antenna switching scheme, the UE can be configured with one or two SRS resource sets of usage set to ‘antennaSwitching’. Different SRS resources in the same set are expected to sound different DL antenna ports, therefore a guard period is specified between/among SRS resources in the same SRS resource set. The way of the definition of UE capabilities, SRS antenna switching schemes and SRS configurations for antenna switching in Rel-16 should be extended to Rel-17. 
Proposal 3:
· For SRS enhancement on antenna switching:
· At least SRS antenna switching schemes for 8 Rx are defined in Rel-17, with 2T8R and 4T8R as a start;
· More analysis for 1T8R and xT6R are needed. 
4. Enhancement on SRS for capacity and coverage
4.1. Discussion on EVM for SRS
Based on the offline discussion of Rel-17 FeMIMO EVM for SRS enhancement in Phase-1 and Phase-2, the following initial conclusion were achieved.
	Conclusion 1: LLS is used to evaluate SRS enhancements in Rel-17 FeMIMO, while SLS can be used additionally for evaluating data throughput for a given SRS design.

Conclusion 2: Adopt the following LLS assumptions at least for SRS enhancements on coverage/capacity in Rel-17.
	Parameter
	Value

	Metric
	UL/DL BLER or throughput
Note: Other metrics like MSE can be considered optionally. 

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme.
FFS: converged baseline(s).

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz or 4GHz, 30kHz, 20, 40 or 100 MHz
FR2: 30 GHz, 120kHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline
Note: other delay spread is not precluded. 
FFS: whether and how to define scenario
FFS: whether and how to use CDL in MU-MIMO

	UE speed
	3km/h , 30km/h or 120km/h 

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R

	UE antenna configuration
	FR1: omni as baseline
· FFS: whether direction can also be considered for more than 2 antennas
FR2: directional

	Rank, precoder and MCS 
	Precoder is adaptive. Rank/MCS can be adaptive or fixed.

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

	SRS periodicity 
	Companies to state the used SRS periodicity.
Note: SRS triggering may be aperiodic. 

	SRS Comb
	Comb 2 or 4

	SRS frequency hopping
	Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR
· FFS detailed values

	Phase coherency
	Companies to state whether the phase coherency in time domain is modelled and if so, how.



Conclusion 3: Adopt the following SLS assumptions at least for SRS capacity enhancements in Rel-17.
	Parameter
	Value

	Metric
	DL throughput

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme. 

	SRS error modelling
	Table A.1-2 of TR 36.897

	SRS periodicity
	Companies to state the simulated SRS periodicity.
Note: SRS triggering may be aperiodic

	Carrier frequency,  SCS and system bandwidth
	3.5GHz, 30KHz and 20MHz/40MHz/100MHz as baseline

	Number of gNB antennas
	(M, N, P, Mg,Ng; Mp, Np) = (8,8,2,1,1,4,8). (dH,dV) = (0.5, 0.8)λ

	Number of UE antennas
	1T4R, 2T4R or 4T4R

	Traffic model
	FTP 1 or FTP 3

	Handover margin
	3dB

	Scenario
	UMi/UMa with 200m ISD.
Note: UMa with 500m ISD can also be considered.






For the initial conclusion, most evaluation assumptions are fine to us. But some assumptions need to be further studied and discussed. For Conclusion 1, LLS is a feasible way to evaluate SRS coverage and capacity enhancement by adopting different mechanisms in most scenarios. However, SRS capacity may be more sensitive to MU-MIMO scenario due to introduced interference among users and cells. For SRS capacity enhancement, SLS may be more suitable. Hence, we agree with this conclusion. 
For Conclusion 2, the following needs to be further discussed:
· Baseline: Our objective is to enhance both SRS coverage and capacity. There should be two baselines for SRS coverage and capacity based on Rel-15 SRS design, respectively. The SRS coverage range of repetition factor R=4 may be larger than that of smaller R. While the SRS capacity of comb size with 4 may be larger than that of smaller comb size. Hence, it is reasonable that R=4 and comb size with 4 are set to as the baseline parameters of SRS coverage and capacity enhancement, respectively. 
· Channel model: CDL channel model could be generated according to TR38.901 [2]. For evaluating SRS coverage, CDL-C which is designed for UMa is preferred. While CDL-B which is designed for UMi is preferred for evaluating SRS capacity. 
· UE antenna configuration: For FR1, the direction UE antenna does not play an important role for SRS coverage and capacity enhancement if UE is configured with less number of transmits antennas. However, beam can be designed if UE is configured with more than two antennas. In this case, UE should use directional antenna for SRS coverage and capacity evaluation.
· Phase coherency: There are phase shift across SRS symbols due to random phase noise when time bundling or increase repetition across slots are used to enhance SRS coverage/capacity, especially for FR2 scenario. In order to evaluate the effect of phase shift, phase coherency in time domain should be modeled. In Rel-15, phase noise model were provided in [2] to simulate phase shift. Therefore, the phase noise model for PTRS in Rel-15 can be used as a starting point. 

Proposal 4: 
· For Conclusion 1, SLS are used to evaluate SRS capacity.
· For Conclusion 2,  
· Baseline: Two baselines based on Rel-15 SRS design are provided for evaluating SRS coverage and capacity enhancement, respectively.
· Channel model: CDL-B and CDL-C could be used to evaluate SRS coverage and capacity, respectively.
· UE antenna configuration: UE should use directional antenna if UE is configured with more than two transmit antennas.
· Phase coherency: The phase noise mode for PTRS in Rel-15 can be used as a starting point.

4.2. Consideration on SRS for Capacity and Coverage Enhancement
According to the WID on SRS in Rel-17, in order to enhance SRS capacity and coverage, three mechanisms, i.e., SRS time bundling, increased SRS repetition, partial sounding across frequency, are proposed. Before deciding which one to be adopted, it should be justified whether all of them could bring SRS capacity and coverage enhancement. 
SRS could be bundled in intra-slot or inter-slot. If SRS resources are bundled in a way like repetition, i.e., the SRS resources are mapped to the same set of subcarriers, there may be no difference between repetition and time bundling for coverage enhancement. However, if SRS is bundled in other way, such as, two SRS resources are mapped to the different sets of subcarriers. Compared with repetition, the less frequency resources are required to transmit SRS on each OFDM symbol for time bundling. In this way, the power spectral density for each SRS resource element will be improved, which makes SRS coverage enhance. Although SRS coverage is enhanced, it is not easy to transmit SRSs of more users with the same frequency and time resource. That means SRS capacity may be reduced. Therefore, the benefit brought by SRS time bundling may be limited. 
For partial sounding across frequency, much less subbands or subcarriers are used to transmit SRS. Compared with regular SRS configuration, it is obvious that SRS coverage could be further enhanced by sounding partial frequency due to power boosting for each SRS resource element. But the entire wideband CSI estimation will be not accurate as only partial UL CSI is obtained. Hence, SRS coverage is enhanced at the cost of SRS capacity loss. If some application scenarios could accept SRS coverage enhancement with SRS capacity loss in this way, these scenarios should be justified, and it needs to declare how much SRS capacity loss could be accepted. 

Observation 1: The benefits brought by SRS time bundling may be limited. SRS coverage is enhanced by sounding partial frequency at the cost of SRS capacity loss.


In fact, SRS coverage can be enhanced by directly allowing more OFDM symbols to transmit SRS. In current specifications, SRS are allowed to be set on any OFDM symbol. In order to obtain larger SRS coverage, even 12 OFDM symbols could be used to transmit SRS. Hence, increase repetition is simple way to enhance coverage. In Rel-15, UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupyingadjacent symbols within the last 6 symbols of the slot, and configured with repetition factor R∈{1,2,4} and R≤Ns. The repetition factor R means that there are R adjacent symbols mapping the same set of subcarriers with the same comb size in each slot. In order to further enhance SRS coverage, the repetition factor R could be set to be equal to 6 or larger than 6. It depends on evaluation results to decide the value of repetition factor. One argues that SRS capacity will be reduced after increasing repetition factor. But the issue could be resolved by using code division multiplexing (CDM) in time domain (TD). For example, orthogonal cover code is used to transmit more users in TD. Hence, increase repetition is a simple and feasible mechanism to enhance SRS coverage and capacity. 
Based on above considerations, the following proposals are given.
Proposal 5: The benefits brought by SRS time bundling and partial sounding frequency should be justified.
Proposal 6: Increase repetition should be used to enhance SRS coverage and capacity. The repetition factor could be set to be equal to or larger than 6.

5. Conclusions
In this contribution, we provided our views on the enhancement for Rel-17 SRS. We have the following observations and proposals:
Observation 1: The benefits brought by SRS time bundling may be limited. SRS coverage is enhanced by sounding partial frequency at the cost of SRS capacity loss.

[bookmark: _GoBack]Proposal 1
· The following solutions are considered for the enhancements on aperiodic SRS triggering:
· Option 1: Dynamic timing of aperiodic SRS transmission;
      - e.g. the SRS of an SRS resource set triggered by a DCI in slot n is expected to be transmitted in the first available UL slot from n+X, where X is the slot offset configured by RRC signaling;
· Option 2: Dynamic slot offset configuration; 
- e.g. an additional slot offset for the SRS resource sets triggered by a DCI is indicated by the DCI, the SRS of an SRS resource set triggered by a DCI in slot n is expected to be transmitted in slot n+X+k, where X is the slot offset configured by RRC signaling, k is the additional slot offset indicated by the DCI.
· Option 3: Extend the maximum number of trigger states for aperiodic SRS to be larger than 4.
Proposal 2
· For SRS usage reduction:
· Study the solutions for better reuse of SRS resource set(s) with usage of ‘antennaSwitching’ and SRS resource set with usage of ‘codebook’, including the following to cases:
· Reuse SRS resource set(s) with usage of ‘antennaSwitching’ for codebook based PUSCH transmission;
· Reuse SRS resource set(s) with usage of ‘codebook’ for DL CSI acquisition.
Proposal 3:
· For SRS enhancement on antenna switching:
· At least SRS antenna switching schemes for 8 Rx are defined in Rel-17, with 2T8R and 4T8R as a start;
· More analysis for 1T8R and xT6R are needed. 
Proposal 4: 
· For Conclusion 1, SLS are used to evaluate SRS capacity.
· For Conclusion 2,  
· Baseline: Two baselines based on Rel-15 SRS design are provided for evaluating SRS coverage and capacity enhancement, respectively.
· Channel model: CDL-B and CDL-C could be used to evaluate SRS coverage and capacity, respectively.
· UE antenna configuration: UE should use directional antenna if UE is configured with more than two transmit antennas.
· Phase coherency: The phase noise mode for PTRS in Rel-15 can be used as a starting point.
Proposal 5: The benefits brought by SRS time bundling and partial sounding frequency should be justified.
Proposal 6: Increase repetition should be used to enhance SRS coverage and capacity. The repetition factor could be set to be equal to or larger than 6.
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