
3GPP TSG RAN WG1 #110		R1-2206267
Toulouse, France, August 22nd – 26th, 2022

Source:	OPPO
Title:	SRS enhancement targeting TDD CJT and 8 TX operation
Agenda Item:	9.1.3.2
Document for:	Discussion and Decision

Introduction
In RAN1#109 e-meeting, Rel-18 SRS enhancement was discussed with the following agreements:
Agreement
For SRS EVM, adopt combined relevant parts from Rel-17 SRS EVM and Rel-18 FDD CJT EVM as starting point
· Details are provided in Appendix 3 of R1-2205330 for system-level simulations
· Details are provided in Appendix 4 of R1-2205330 for link-level simulations.
 
Agreement
For 8 Tx SRS, a starting point of UE antenna configurations can be:
· (M, N, P; Mg,Ng; Mp, Np) = (2,2,2; 1,1; 2,2), (dH, dV) = (0.5, 0.5)λ, or
· (M, N, P; Mg,Ng; Mp, Np) = (1,4,2; 1,1; 1,4), (dH, dV) = (0.5, 0.5)λ.
· FFS other 8 Tx UE antenna configuration and alignment with outcomes from other agenda items.

Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.

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 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.

Agreement 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.

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 SRS EVM, consider additional EVM as follows
· Realistic channel estimation based on sequence generation for SRS modelling, at least for TDD CJT SRS LLS and 8 Tx SRS LLS as baseline
· Evaluation metrics for 8 Tx SRS LLS can be MSE , BLER or throughput
· TDL-C for TDD CJT SRS LLS can be included as optional.
In this contribution, we will discuss the potential solutions for SRS enhancement in Rel-18.
Discussion
1.1. SRS enhancement for coherent JT
To support NC-JT transmission, solutions for SRS capacity enhancement and/or SRS interference randomization were proposed by companies. In the past meeting, many options were listed for further study. However, the details are unclear for most of the options. We analyze the candidate solutions based on our understanding as below.
	· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping


The current frequency hopping can already support frequency-domain resource randomization via hopping pattern per UE. The solutions and benefits of further enhancement to frequency hopping is unclear. For other solutions such as comb hopping, multiplexing with legacy UE may be an issue, e.g. resource collision with UEs without comb hopping.
	· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence


Cyclic shift hopping has been studied/specified since LTE. In Rel-18, we can further evaluate whether it is helpful for interference randomization for coherent JT. Sequence hopping has already been supported in NR. The detail of further enhancement on sequence hopping/randomization is needed. The benefit of per-hop sequence from a long SRS sequence is also unclear, and three issues should be considered: 
· sequence hopping based on index of slot and OFDM symbol cannot be adopted for each hop.
· SRS with different bandwidths and the same RBs in one hop cannot be multiplexed together. 
· PAPR may be increased with a truncated sequence. 
Compared to other enhancements on SRS sequence, cyclic shift hopping is a relatively mature solution, and can be further considered. 
	· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS


What is the difference between this enhancement and SRS configuration with a longer periodicity for P/SP SRS? Further evaluation result is needed to justify the benefit, including the potential performance loss due to less SRS. 
	· Per-TRP power control and/or power control of one SRS towards to multiple TRPs


[bookmark: _Hlk109826282]On one hand, we think per TRP power control is not related to “SRS capacity enhancement and/or interference randomization”. We doubt whether it is within the scope of the WID. Also, the detail of power control of one SRS towards to multiple TRPs is unclear. Per TRP power control via multiple SRS resources has been supported by NR. For one SRS resource, we don’t think it can support per TRP power control since only single transmit power would be applied. From functionality consideration, we think it can be achieved via current power control framework.
	· SRS TD OCC


TD-OCC can be considered as one potential enhancement for higher capacity for UE configured with SRS repetition. In Rel-17, different values of repetition factor R∈{1,2,3,4,5,6,7,8,10,12,14} are supported. Whether/How to support TD-OCC for all the candidate values needs further study, e.g., it is difficult to support TD-OCC for some values like {3,5,7}. For other values, a length-2 TD-OCC sequence may be sufficient to be repeated for different repetitions factors. For example, one SRS resource with R=8 can be multiplexed with four SRS resources with R=2 via TD-OCC. One further issue is that TD-OCC would be difficult to be applied across hops. 
	· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts


Current SRS framework already supports maximal 12 cyclic shifts. It is difficult for gNB to fully exploit the 12 cyclic shifts due to the potential interference among ports with different CSs in multi-path channel, especially when the sequence length is not so large. We think it is meaningless to further increase the maximal number of CSs.
	· Precoded SRS for DL CSI acquisition


Precoded/beamformed SRS requires channel reciprocity at UE to derive the precoder/beam for the SRS. Furthermore, UE Tx/Rx antennae need to be calibrated to ensure the consistency between transmission and reception. The antenna calibration would introduce significant complexity/requirement to UE. 
On the other hand, if the precoding is transparent to gNB, the SRS ports would be reduced and the rank of DL transmission based on the SRS would be very limited. If UE reports the precoder/beam to the gNB, additional UCI overhead is needed especially when the precoder/beam is changing. 
	· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters


It is unclear to us which SRS parameters need to be further dynamically updated. In NR, the SRS resource set with different parameters can be dynamically triggered by DCI. Dynamic scheduling offset, which was introduced in Rel-17, can also provide some flexibility. It unclear whether further flexibility is needed and would be actually adopted at gNB.
	· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 


We think the partial frequency hopping introduced in Rel-17 is sufficient for most target scenarios. Further enhancement is not needed unless there is evaluation result to justify the benefit.  We should first make sure that the enhancement in Rel-17 can be applied in practical. 
	· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.


In current SRS framework, configuration of u per resource can already provide the functionality of interference randomization. The benefits to configure v per resource instead of being derived from a pseudo random sequence need to be justified. Also, the cyclic shift is already generated per SRS port based on fixed offset, which is sufficient for port multiplexing. For this solution, backward compatibility issue needs to be considered, e.g. multiplexing with legacy UEs.
	· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)


The time-frequency resources of a SRS resource are configured by RRC in symbol and PRBs level. The benefits of further introducing additional configuration parameter or system parameter for resource configuration is unclear. The multiplexing among different UEs would also become very complex. 
Based on our analysis, most of the options are unclear due to lack of details and evaluation results to justify the benefits. We suggest to start with some of the solutions which are much clearer in technical, and further clarify other solutions. For example, cyclic shifting hopping and TD-OCC can be studied with higher priority. 
Proposal: Further study the following SRS enhancement for CJT with higher priority:
· Cyclic shift hopping 
· TD-OCC across SRS repetitions.
1.2. 8 ports SRS transmission
To support 8 ports for uplink codebook and non-codebook based transmission, current SRS resource configuration/indication needs to be enhanced. For codebook-based transmission, the 8 antenna ports can be configured in one SRS resource or can be grouped via two 4-port SRS resources. If two resources are adopted, there may be a compatibility issue to legacy SRS configuration with SRI indication. For example, when multiple SRS resources are configured and selected by SRI, the resources should be grouped first for 8 ports and then the SRI would indicate a resource group for uplink transmission. That would introduce significant specification impact to current mechanism. Also, if the two resources are not located in the same or neighboring symbols, there would be performance loss due to channel variation. Hence, extending a SRS resource to support 8 ports can be a better choice. 
For non-codebook based transmission, 8 ports can be supported via one SRS resource set with at most 8 resources, or by two SRS resource sets with at most 4 resources per set as in Rel-17. However, many issues may raise if two SRS resource sets are configured for 8 port transmission. On one hand, two SRS resource sets for PUSCH repetition were introduced in Rel-17, and additional signing is needed to differentiate the use cases when multiple SRS resource sets are configured. On the other hand, multiple SRIs are needed to indicate SRS resources in different sets, or the SRI should be designed to be able to indicate SRS resources across resource sets. The specification impact is significantly larger than 8 resources in one set, for which only simple extension of current SRI indication is sufficient. 

Proposal: Extend current SRS configuration to support 8 ports in one resource for CB and 8 resources in one SRS resource set for NCB
There can be different ways to multiplex more ports within one SRS resource. As shown in Fig.1, CDM (Comb=2 and 4 ports per comb), FDM (Comb=4 and 2 ports per comb) or TDM (Comb=2, symbol=2 and 2 ports per comb per symbol) can be considered as solutions for this extension. 
        …    
…   
…    

Fig.1: Different multiplexing methods for 8 ports SRS (CDM, FDM and TDM)
Here we provide some initial performance evaluation results for different multiplexing methods. The MSE of SRS channel estimation is evaluated for different schemes. From the results, it can be found that TDM can provide additional gain assuming that the maximal transmit power can be improved by 3dB for power limited UEs. 
[image: ]
Fig.2: SRS MSE of different multiplexing methods for 8 ports SRS 
Proposal: FDM/CDM/TDM can be considered to extend 4 ports SRS resource to 8 ports SRS resource.
Conclusion
In this contribution, we discuss the potential SRS enhancement in Rel-18 with the following proposals:
Proposal: Further study the following SRS enhancement for CJT with higher priority:
· Cyclic shift hopping 
· TD-OCC across SRS repetitions.
Proposal: FDM/CDM/TDM can be considered to extend 4 ports SRS resource to 8 ports SRS resource.
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Appendix
Table 1: Simulation assumption
	Parameter
	Assumption

	Carrier Frequency
	4GHz

	bandwidth
	20MHz

	Subcarrier spacing
	30kHz

	Number of gNB antennas
	8

	Number of UE antennas
	8

	PRB
	48

	Csrs
	13  

	Bsrs
	2 

	SRS periodicity
	4 slots

	Channel model
	CDL-C 300 

	UE speed
	3 km/h

	SRS Configuration
	FDM: 4 combs and 2 CSs per comb
CDM: 2 combs and 4 CSs per comb
[bookmark: _GoBack]TDM: 2 combs and 2 CSs per comb per symbol
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