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Introduction
This document we discuss precoded SRS for DL CSI acquisition. 

In RAN1#109 the following was agreed 
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
· Precoded SRS for DL CSI acquisition

In RAN1#110 
Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
Target usage includes antenna switching, codebook/non-codebook based SRS

R1-2207856	FL Summary #2 on SRS enhancements	Moderator (Futurewei)

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)




Discussion
In this contribution we discuss precoded SRS for DL CSI acquisition and make an attempt to address all concerns that were raised during RAN1#110.
In R1-2207604 (RAN1#110) we discussed UE awareness of system objectives for different deployment scenarios. In short, for SRS based DL CSI acquisition, the most relevant strategyies the UE can take, is are to use precoded SRS configured to address the channel which with maximalize channel power or (orthe SINR).  
In R1-2208014 (FL#3 on SRS enhancements) the below concerns were raised regarding precoded SRS for DL CSI acquisition. Furthermore, no consensus was reached on the matter and no agreement was reached.
1. the need for additional resources for the gNB to obtain CSI. 
2. gNB does not get full channel knowledge
3. SRS resources are associated with the DL rank.
4. Channel rank cannot be decided by UE as it depends on other UEs channels.
5. Precoded SRS can restrict gNB from using ZF precoder in MU cases
6. Precoding cannot be across two SRS ports for 2T4R.
7. Beneficial only for ≥4Tx chains
8. What about 1TnR resource
9. Interoperability with antenna switching
10. How does it work for 2 Tx UE with orthogonally polarized antenna
11. Rx/Tx calibration

Firstly, we address claims 1-5. In an SRS for DL CSI acquisition scenario, we need to remember that reciprocity appliesy and that it is the UE that decides what channel the gNB observessees. There is basically no difference between a precoded SRS and a non-precoded SRS, and if the precoder is smart (which we assume), the orthogonality between the UEs layers is typically much better when the UE use a precoder.
The number of SRS resources needs to equal to the maximum of DL-layers and, UL-layers. 
Based on broadcasted initial SRS and associated CSI-RS signals, the UE can obtain channel knowledge (i.e., the inner product of the channel matrix). From here the UE can compute the eigenmodes and rank, which are the same for the outer product. At this point both the gNB and the UE has “full channel” knowledge. 
For the continuous transmissions, the UE can address, e.g., the eigenmodes which basically determines the rank for both UL and DL, based on reciprocity. For the continuous SRS, transmissions the UE simply transmit and receive accordingly. 
 To sum up, the number of SRS resources required for continuous transmissions equals the maximum of UL-layers and DL-layers. 
If the gNB has interference issue in MU scenario (i.e., cannot separate UEs), the same as for non-precoded SRS will applyies, the gNB needs to re-schedule the UEs or limit the transmission rank.
When the precoded SRS are used, there is no added value for the gNB to have the “full channel” information as any precoder at the gNB e.g., ZF will be based on the SRS the gNB receives. 
Secondly, addressing claims 6-10. For UEs where Tx switching applies, the precoder may be limited by the number of Tx chains. However, there are still large gains to harvest as illustrated in Fig 1. In the CDF, a 2T4R UE reach close to the performance of the dominant eigenmode in most cases, i.e., what a 4T4R UE would perform. 
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Fig. 1, Simulation of sum-rate for an 2T4R UE in an IID Gaussian channel, for gNB’s with 4 and 8 antenna ports. Red curves show the rate with random antenna selection for the SRS transmission, green is the optimal (exhaustive search) and black is based on a practical algorithm. The blue curves show the capacity (achievable with a 4T4R UE addressing the eigen modes). 
For the case of a single Tx chain, 1TnR, precoding would need to happen in time domain, and, thus, requires more resources. For each layer, at least two (depending on the number of antennas) associated SRS resources would be needed. The UE then needs to transmit the complex signals in a coherent manner. At this point we do not see this as an attractive way forward.
Observation 1: Single Tx chain would require more resources to achieve precoded SRS. 
Proposal 1: For RAN1 to deprioritize support of precoded SRS by single Tx chain UEs.
ThirdlyFinally, addressing claim 10. We don’t see any difference if the UE antennas are orthogonally polarized. The gain of using precoded SRS will likely be very small, as the dominant eigenmode likely is diagonal, e.g., same as the non-precoded. However, orthogonally polarized antennas are in general used for mm-wave and become bulky at lower frequency bands, possibly relevant for larger UEs (i.e., non-handsets). 
Finally, claim 11. We agree that calibration of the UE Rx/Tx chains is needed and should be discussed in RAN1.

Observation 2: Calibration of the UE Rx/Tx chains is needed. 
Proposal 2: For RAN1 to study Rx/Tx chain calibration approach







[bookmark: _Hlk47386123]Conclusions
Here we list the Observations and Proposals made in this contribution 
Observation 1: Single Tx chain would require more resources to achieve precoded SRS.
Observation 2: Calibration of the UE Rx/Tx chains is needed. 
Proposal 1: For RAN1 to deprioritize support of precoded SRS by single Tx chain UEs.
Proposal 2: For RAN1 to study Rx/Tx chain calibration approach

Observation 1: A UE must be aware of the objectives for what precoder to derive.
Observation 2: A UE must be aware of system properties when it derives a precoder.
Observation 3: Enhancements related to precoded SRS for DL CSI acquisition requires configuration of the UE. 
Proposal 1: For 3GPP to select and evaluate most relevant scenarios and the expected advantage of using precoded SRS for DL CSI.
Proposal 2: Identify objectives for precoder for SRS transmission for DL CSI acquisition.
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