Page 1
3GPP TSG RAN WG1 #110bis-e			      R1-2208497
e-Meeting, October 10th – 19th, 2022


Agenda Item:		9.1.3.2
Source:				InterDigital, Inc.
[bookmark: Title]Title:						Discussion on SRS Enhancements
[bookmark: DocumentFor]Document for:		Discussion and Decision

1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes several enhancements to uplink reference signals. The WID scope includes the following objectives on SRS enhancements:

	4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
[…]
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
[…]
5. 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.



In the previous meeting [2], RAN1 had some preliminary discussion on this topic. In this contribution, we provide our views on enhancements to SRS for the TDD-CJT scenario, and on 8TX port SRS design. 

2. BACKGROUND
[bookmark: _Hlk101909975]Prior to NR, 3GPP specifications were mainly targeting consumer devices such as smartphones which have a relatively similar form factor across the market. However, as wireless communication evolved, more and more devices of all different shapes and sizes, and with a wide range of service requirements are making use of 3GPP standards. One objective of the NR specifications is to address this challenge by coming up with solutions that target a wide range of devices with multiple applications so that the specifications can be futureproof. Therefore, UE devices are expected to be capable of supporting more advanced and varied antenna structures. 
The WID targets two scenarios for SRS enhancements. First, the Rel-18 WID aims at studying enhancements to use SRS for channel estimation in the case of Coherent Joint Transmission (C-JT). A second objective of the WID is to enhance SRS to enable transmission with more antenna ports (up to 8TX), i.e., more layers. 
In the last RAN1 meeting [2], it was agreed to introduce enhancements with the following scope:
	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



3. C-JT ENHANCEMENTS FOR TDD
In the RAN1 #109-e May meeting [3], several schemes were introduced and listed for further study:
	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.



In the last meeting [2], further discussion did not result in any down-selection of the proposed randomization schemes. From our perspective, besides studying interference randomization schemes, it is also very important to enhance the A-SRS resource triggering procedure. 

	· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters



 In NR Rel-16, a PDSCH payload can be transmitted in an mTRP deployment by employing one of different repetition modes (e.g., TDM, FDM, SFN). In an mTRP scenario, it is likely that many UEs simultaneously send SRS towards multiple TRPs to probe multiple TRP links which results in increasing the overall interference in the network. To achieve a more accurate channel estimation, SRS are configured with different parameters to randomize interference or achieve orthogonality with other SRS resources. 
For TDD C-JT, the scheduling choice between sTRP and mTRP as well as selection of TRPs for C-JT depends on the SRS-based CSI measurement performed by the network. Other network considerations, e.g. resource utilization on different TRPs, interference in service area, etc., can also affect this decisions. Therefore, a UE may be expected to support multiple SRS transmissions for channel estimation with many configurations to cover all interference scenarios amongst different coordinating TRPs. This includes parameters for randomization, orthogonality, and power control settings. 
Amongst all coordinating TRPs, only a subset of SRS resource configurations may be relevant to the network for channel estimation. For example, a network may be able to schedule multiple UEs in C-JT or sTRP; however, a network may prefer at another time to reduce the number of UEs considered for C-JT due to, e.g., high resource utilization. Further, the TRPs scheduled for C-JT can dynamically change depending on the UE orientation/movement with respect to the coordinating TRPs. So, depending on the number of active UEs and number of TRPs in the coordinating set, the optimal set of SRS parameters are dynamically changing to accommodate different combinations. Using periodic SRSs generates significant resource overhead and interference in the network while at the same time shortens UE’s battery life. 
One solution is to use aperiodic SRS (A-SRS) to dynamically trigger different SRS resources according to the network measurement requests. However, with the existing specification, mapping one SRS resource per triggering command may create issues in configuration overhead to handle all UE and C-JT TRP combinations. Then, it would be beneficial to enable the network to select triggered SRS resources for sTRP or mTRP, and to enable a dynamic indication of parameters in SRS configurations. By dynamically changing SRS parameters, the network can better control and reuse SRS resource configurations to measure many hypotheses for many UEs. One example is to enable multiple SRS configurations with different parameters, and a MAC-CE may be used for updating SRS resource configurations. This provides some flexibility to the network to reconfigure the AP-SRS configurations more dynamically as a function of the interference in the network. 
	
Observation 1: Dynamic switching between different SRS resource parameters requires dynamic indication of parameters in SRS configurations.

Proposal 1: Introduce enhanced signaling for triggering of dynamic parameter configurations of A-SRS.  

4. 8TX ENHANCEMENTS

Rel-18 8TX scenario 

 
[bookmark: _Ref101954652]Figure 2 UL transmit process chain
Figure 2 shows an exemplary transmit processing chain in a UE. The process starts with first applying forward error correction coding and CRC attachment. This process may produce at least one codeword at the time. The coded bit sequence is then scrambled and modulated according to the configured modulation format, e.g., QPSK, 16QAM, etc. In a UE with multiple transmitter antennas, the sequence of modulated symbols is mapped to a number of parallel layers. The produced layers are then precoded according to the condition of the wireless channel and mapped to their corresponding antenna ports. Afterwards, proper waveforms are generated and transmitted over the air according to a set power. For each transmission, in parallel to the above process, some reference signal is generated, and mapped along with the modulated data symbols.
According to the Rel-17 NR specification, a UE can support an uplink transmission with the following capabilities:
· up to 4 layer transmission
· 4 transmission ports
· 4 PAs
· Single codeword transmission
· DFT-s-OFDM and CP-OFDM

By employing 8TX UEs, it is expected to have further improvements in coverage, reliability, and throughput. Given the existing limitation of the current specifications, there is clearly a need to introduce SRS resource design for 8TX. In NR Rel-16, the 2 and 4 port SRS are based on a similar design. For a given number of ports (e.g. 2 or 4), the same comb index is used for all the ports, and then different CSs are applied to the ports associated with a given comb index. In Rel-17, further enhancements enabled comb8 to be used. With comb8, 4 port resource may use two comb indices: one for ports {1000, 1002}, and a second one for ports {1001, 1003}. Similar to NR Rel-16, ports with the same comb index apply different CSs. In existing specification, the 4 port SRS resource is extended from 2 ports by using a higher comb with additional comb offsets for the additional ports, and higher cyclic shifts (CSs).
	
8TX design consideration
	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
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.



For CB-based PUSCH, two different 8TX SRS designs are being considered, 
· In a first option, all ports are allocated in a single OFDM symbols by using more comb indices. This option reuses the existing Rel-17 comb8, which means additional FD resources are occupied to fit up to 8 ports. As such, the power per port is lowered compared to 4 port SRS which can lead to some performance degradation in channel estimation which may become more significant for non-cell-centered UEs. 
· A second option is to use multiple resources TDMed in different symbols, where the aggregated number of ports totals 8. This avoids the higher FD resource utilization but increases the TD overhead. There are already additional TD resources available for SRS (e.g. in repetition cases) which could be reused at the expense of losing some coverage. Resources from different SRS resource sets can be aggregated in time to generate the 8 ports. For partial/non-coherent UEs, antenna port switching of up to 8 ports is more convenient using aggregated resources from different symbols. 
In our view, both designs are not mutually exclusive, and could be both supported depending on the UE capabilities and scenarios.

Observation 2: Single symbol and multi-symbol 8 port SRS have a similar resource usage requirement, but their performance for CSI estimation may vary according to the deployment.  

Proposal 2: For CB based PUSCH, support introducing both single symbol and multi-symbol 8 port SRS.  

5. CONCLUSION
In this contribution, we provided our views regarding SRS enhancements for CJT and 8TX. Based on the presented discussion, we make the following observations and proposals:

Observation 1: Dynamic switching between different SRS resource parameters requires dynamic indication of parameters in SRS configurations.

Observation 2: Single symbol and multi-symbol 8 port SRS have a similar resource usage requirement, but their performance for CSI estimation may vary according to the deployment.  

Proposal 1: Introduce enhanced signaling for triggering of dynamic parameter configurations of A-SRS.  

Proposal 2: For CB based PUSCH, support introducing both single symbol and multi-symbol 8 port SRS.  
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