3GPP TSG RAN WG1 #111			R1-2211973
Toulouse, France, November 14th – 18th, 2022

Source:	NTT DOCOMO, INC.
Title:	Discussion on SRS enhancement
[bookmark: Source]Agenda Item:	9.1.3.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives requiring SRS enhancement, M-TRP CJT and 8TX UL transmission.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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· 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 this contribution, we discuss SRS enhancement for 8TX UL transmission and M-TRP CJT in Rel-18 MIMO.  

2. SRS enhancement for 8 TX UL transmission
As per the following agreements in RAN1#110, PUSCH transmission with up to 8 layers will be supported in Rel-18. For this enhancement, 8 ports SRS resource(s) with usage of ‘codebook’ or ‘nonCodebook’ are needed to support up to 8 layers for CB/NCB PUSCH transmission. In addition, SRS enhancement for antenna switching for 8T8R should be also discussed. 

	Agreement
8TX PUSCH is supported in Rel-18

Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.




2.1 Enhancements for CB
For codebook based UL transmission with up to 8 layers, according to the following agreement in RAN1#110bis-e, up to 8 ports configured for an SRS resource is mapped onto each OFDM symbol configured for the SRS transmission: 
	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.




Given above, RAN1 needs to discuss the details, e.g., how to map 8 ports onto an OFDM symbol. 

In Rel-17, port mapping for SRS with up to 4 ports are summarized as follows:
· For 2-port SRS, the same comb index is applied for both ports. Port multiplexing is achieved by applying different cyclic shifts (with the most discrete phase rotation values). 
· For 4-port SRS, 
· For comb index, when the maximum number of cyclic shifts is 6 (i.e., comb8 is configured), or the configured cyclic shift is larger than half of the maximum number of cyclic shifts, two different comb indexes are applied: one for port 1000 and 1002, and the other for port 1001 and 1003. Otherwise, the same comb index is applied across all the ports, similar to 2-port SRS.
· For cyclic shift values, when the maximum number of cyclic shifts is 6 (i.e., comb8 is configured), two different cyclic shift values are applied: one for port 1000 and 1001, and the other for 1002 and 1003. Otherwise, different comb indexes are used for each port. 

Observation 2-1
· Legacy SRS supports up to 4 ports by using multiple cyclic shifts and/or multiple comb indexes depending on the maximum number of cyclic shifts

We believe the above should be a starting point if we extend the number of SRS ports in one OFDM symbol. Now we see several potential directions for the extension as described below:
1. Use of more cyclic shift values
So far, up to four cyclic shifts are available for SRS transmissions, where different SRS port is associated with different cyclic shift values. Similarly, more than four cyclic shifts (e.g., eight cyclic shifts) can be considered to support 8-port SRS transmissions. In this case, the amount of resources required for the SRS transmissions can be minimized. However, orthogonality among ports can be degraded in case of large delay spread. When we focus on a particular type of UE (e.g., FWA), such large delay spread may not happen, while we are not sure whether such scenario-limited approach is preferable. 
2. Use of more frequency domain resources (e.g., more comb indexes)
As summarized above, except for some cases, a single comb index is shared by SRS ports transmitted by a UE. For 8-port SRS, more comb indexes (i.e., two indexes always, or four comb indexes) can be considered. In this case, the number of cyclic shifts used for multiplexing in a RE can be kept as in Rel-17, thus, the same orthogonality among ports would be achieved even in case of large delay spread. On the other hand, more comb indexes a UE uses, more frequency domain resources it consumes. It may degrade the system wise performance especially for UL. Also, per-symbol multiplexing capacity for different UEs may be degraded. 
 

Table 2.1-1: Summary of the potential directions for supporting 8-port SRS
	Direction #
	Pros
	Cons

	1. More cyclic shift values
	The same amount of time/freq. resources as in Rel-17 can be achieved
	Orthogonality between different SRS ports can be degraded in case of large delay spread

	2. More frequency-domain resources
	Orthogonality between different SRS ports can be kept as in Rel-17
	More resources in frequency-domain are required



From our perspective, it seems both direction#1 and direction#2 have their own pros and cons. Direction#1 is the most efficient approach in terms of resource utilization, while it may not work if large delay spread is assumed. Direction#2 can be more robust against delay spread, while more frequency-domain resource is necessary. While we slightly prefer Direction#2 due to its robustness against delay spread, we are open to discuss these two alternatives further. 

Proposal 2-1
· To extend the number of SRS ports per one OFDM symbol per SRS-Resource, the following can be considered:
· Use of more cyclic shifts 
· Use of more frequency domain resources (preferred)
· E.g., use of more comb indexes


2.2 SRS for 8T8R antenna switching
Based on the following agreement in RAN1#110bis-e, similar to 8-port SRS with usage ‘codebook’, 8 ports are mapped onto each of the configured OFDM symbols in case of ‘antennaSwitching’ usage:

	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.




For the detailed design of port mapping, we believe the same design for both codebook and antenna switching would be the most straightforward. 

Proposal 2-2
· For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), support the same design for port mapping onto an OFDM symbol as for the one with usage codebook

3. SRS enhancement for TDD CJT
Rel-18 NR will support Coherent Joint Transmission (CJT) from multiple TRPs. In TDD CJT operation, UE can be configured with SRS transmission and multiple TRPs can measure the SRS to derive DL CSI. 

There can be multiple types of SRS usage for TDD CJT. For example, an SRS from a UE may be measured by more than a TRP simultaneously. It may be easily achieved in intra-site CJT scenario as the coherent TRPs will be located closely. It may be possible even in inter-site CJT scenario if some conditions are satisfied. With this approach, from a UE perspective, an SRS per cell (i.e., TRP-common SRS) can be sufficient. Comparing the other approach (e.g., per-TRP SRS), TRP-common SRS usage will decrease SRS overhead to be required for CJT scenario. Therefore, for CJT, TRP-common SRS usage is preferred in our view. Potential enhancements in Rel-18 should consider such scenario/usage. 

Proposal 3-1
· For TDD CJT, TRP-common SRS usage (i.e., an SRS from a UE is measured by multiple coherent TRPs) should be considered as high-priority

Regarding interference randomization, the following was agreed for cyclic shift hopping and comb offset hopping in RAN1#110bis-e: 
	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




One issue raised at the end of the last e-meeting would be whether supporting both comb offset hopping and cyclic shift hopping is needed or not. As argued by companies, we do not think it would be necessary to support both schemes since their benefit is almost the same. Moreover, supporting both requires additional specification efforts, which is not preferable considering the whole Rel-18 MIMO topics. Between two schemes, we slightly prefer cyclic shift hopping/randomization. 

Proposal 3-2
· For comb offset hopping and/or cyclic shift hopping, either one is sufficient. 
· Prefer cyclic shift hopping/randomization

Another issue discussed in the last e-meeting is power control for SRS. The following was agreed:
	Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs




Firstly, we are not sure whether the existing power control is really an issue in case of CJT operation or not. In our understanding, when a UE is operating with multiple TRPs CJT operation in practice, it is very preferable that the signal strength from different TRPs is similar. This eventually restricts the situation where UE is operating with multi-TRP itself. In this case, if an SRS resource from a UE is intended for CJT operation, we believe the received power of the SRS resource at coherent TRPs are similar as well. Thus, we see no strong need for power control enhancement for CJT. 

The only issue which potentially need to be resolved for CJT is that, when an SRS resource is intended for multiple TRPs, per single power control process, the exact SRS transmit power may not be sufficient for far TRP to measure CSI. However, this issue doesn’t exist if we can configure proper power control parameters (i.e., configuring power control parameters considering far TRP among coherent ones). In our understanding, UE location relative to TRP locations will not change significantly during the short period in general. Thus, even RRC re-configuration should be sufficient. Moreover, Rel-17 NR already supports pathloss RS update via MAC CE. Therefore, we believe the legacy SRS power control should be sufficient even for the potential issue. 

Proposal 3-3
· Do not support power control enhancements for TDD CJT SRS

Meanwhile, we think some control enhancements in another domain can be beneficial from NW perspective. For example, when an SRS resource is intended for multiple TRPs, a UE transmitting the SRS consumes multiple system-wise UL resources (i.e., UL resources for the intended TRPs). When it is periodic/semi-persistent SRS, such multiple UL resource consumptions continues periodically. This issue is not resolved by supporting freq./code domain resource randomization only when considering interference toward other UL transmissions. 

[image: ]
Fig 3-1: An example of inter-TRP interference due to TRP-common SRS

Given above, we prefer to enhance SRS configuration flexibility. We think this approach is beneficial for any domain. If frequency domain resource for P-/SP-SRS is updated more dynamically, a UE can avoid colliding at original frequency domain resource, while can still sound for DL CSI acquisition. Having said that, since frequency/code domain randomization is likely to be studied further, we are ok to narrow-down the scope for this enhancement, e.g., to time-domain resource only. One possible approach could be to update time domain parameter, such as SRS-PeriodicityAndOffset, via DCI/MAC CE. Alternately, configuration of additional temporary offset in time domain, which can be turned on/off by DCI/MAC CE can also be considered. Or simply turning off a particular SRS transmission occasion by DCI is also beneficial. With that, gNB can enable UE to avoid its SRS transmission overlapping with other transmissions dynamically, which makes the use of P-/SP-SRS more useful and realistic. 

One may say just to use the legacy aperiodic SRS is sufficient; however, it naturally imposes more DCI transmissions on the operation. In addition, if the use of aperiodic SRS is always sufficient, we do not see the need of any enhancement in terms of CJT operation. 

Proposal 3-4
· For interference randomization for TDD CJT, support dynamic update of P-/SP-SRS resource parameters in time domain (e.g., SRS-PeriodicityAndOffset) or frequency domain (e.g., bandwidth, RB location) 


4. Conclusion
In this contribution, we discussed SRS enhancement for 8TX UL transmission and M-TRP CJT in Rel-18 MIMO. Based on the discussion, we made following proposals.

SRS enhancement for 8TX UL transmission
Observation 2-1
· Legacy SRS supports up to 4 ports by using multiple cyclic shifts and/or multiple comb indexes depending on the maximum number of cyclic shifts

Proposal 2-1
· To extend the number of SRS ports per one OFDM symbol per SRS-Resource, the following can be considered:
· Use of more cyclic shifts 
· Use of more frequency domain resources (preferred)
· E.g., use of more comb indexes

Proposal 2-2
· For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), support the same design for port mapping onto an OFDM symbol as for the one with usage codebook

SRS enhancement for TDD CJT
Proposal 3-1
· For TDD CJT, TRP-common SRS usage (i.e., an SRS from a UE is measured by multiple coherent TRPs) should be considered as high-priority

Proposal 3-2
· For comb offset hopping and/or cyclic shift hopping, either one is sufficient. 
· Prefer cyclic shift hopping/randomization

Proposal 3-3
· Do not support power control enhancements for TDD CJT SRS

Proposal 3-4
· For interference randomization for TDD CJT, support dynamic update of P-/SP-SRS resource parameters in time domain (e.g., SRS-PeriodicityAndOffset) or frequency domain (e.g., bandwidth, RB location) 
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