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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
In Rel-15/16/17, an SRS-Resource can be configured with up to 4 ports. How to extend this feature needs to be discussed for up to 8 UL layers. We think the three factors captured in the agreement above (i.e., the number of required SRS-Resources, the number of required OFDM symbols, and the maximum number of SRS-ResourceSets) would be good starting points. Considering them, we tried to draw some alternatives to achieve SRS for CB transmission with up to 8 layers in the last RAN1 meeting as follows:

Table 2.1-1: Alternatives for CB transmission with up to 8 layers
	
	# of ports per resource
	# of ports per OFDM symbol
	Pros
	Cons

	Legacy (4-port)
	4 ports
	4 ports
	N/A
	N/A

	Alt-1
	8 ports
	8 ports
	· No more OFDM symbols needed
	· Tx power per port decreases
· Extension of #SRS ports per SRS-Resource 

	Alt-2
	4 ports
	8 ports
	· No more OFDM symbols needed

	· Tx power per port decreases
· Relationship b/w resources may be needed

	Alt-3
	8 ports
	4 ports
	· Tx power per port is kept
	· 2 OFDM symbols are consumed
· 2 OFDM symbols need to be identified by an SRS-Resource configuration

	Alt-4 
	4 ports
	4 ports
	· Tx power per port is kept
	· Relationship b/w resources may be needed



Alt-1 is 8-port SRS within 1 OFDM symbol by an SRS-Resource configuration. It implies the maximum number of SRS ports is extended. Alt-2 can also achieve 8-port SRS within 1 OFDM symbol, while not by an SRS-Resource configuration. One approach could be to configure multiple SRS-Resources within 1 OFDM symbol, where 8 ports can be achieved in total. Meanwhile, Alt-3 doesn’t support 8-port SRS within 1 OFDM symbol, while 8-port SRS can be configured by an SRS-Resource. It may be achieved by configuring (or indicating) multiple OFDM symbols for an SRS-Resource, where up to 4 ports can be sounded within each OFDM symbol. Alt-4 support neither 8-port SRS within 1 OFDM symbol nor configuring 8-port SRS by an SRS-Resource. 

As per the categorization above, Alt-1 and Alt-2 have a clear advantage in terms of UL resource efficiency, but per-port transmit power will decrease. In addition, Alt-1 requires new design for SRS-Resource to support 8-port SRS transmission, while Alt-2 requires indication of the relationship between multiple SRS-Resources. On the other hand, Alt-3 or Alt-4 does not decrease per-SRS transmit power since maximum SRS ports within a OFDM symbol remains the same as in Rel-17, while they require 2 OFDM symbols to sound. Alt-3 also requires extending SRS-Resource to configure 2 OFDM symbols. Alt-4 requires to define relationship between multiple SRS-Resources. 

According to the following agreement, for usage with “antennaSwitching”, 8 ports in 1 SRS resource is agreed. 
	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




We do not see the need to support different approach(es) for different usage. Thus, for usage with “codebook”, we support to take the same approach as for “antennaSwitching”, i.e., 8 ports in 1 SRS resource. 

Proposal 2-1
· For CB PUSCH transmission with more than 4 layers, support 8-port SRS configured in one SRS resource

The next question is how many OFDM symbol(s) are needed to support 8-port SRS transmission, i.e., which of Alt-1 or Alt-3 in Table 2.1-1 is supported. We prefer Alt-1 the best. The main reason is UL resource efficiency considering that this alternative requires 1 OFDM symbol only, as it seems the most straightforward for a UE supporting up to 8 UL layers. We believe such a UE can easily support 8-port SRS transmission within 1 OFDM symbol, which deserves extending the number of SRS ports per SRS-Resource. Also, a disadvantage of Alt-1, i.e., decrease of per-port transmit power, wouldn’t be very serious as advanced UEs (e.g., FWA, CPE, etc) are the main target of UL PUSCH transmission with up to 8 layers, for which higher transmit power can be allowed compared with handheld UEs. 

Alt-3 may be beneficial in terms of per-port transmit power when we compare an SRS per symbol per port; however, we would like to point out that there is an existing solution for SRS to boost per-port transmit power by performing repetition. Therefore, if per-port transmit power is much problematic, Alt-1 with repetition can resolve the issue completely with the same resource efficiency as for Alt-3. Based on that, we do not see a strong motivation to support 8 ports in more than OFDM symbol, where only smaller number of ports (e.g., 4) can be transmitted within one OFDM symbol. 

Proposal 2-2
· For CB PUSCH transmission with more than 4 layers, support 8-port SRS transmission within 1 OFDM symbol


In NR, so far, up to four ports are available for SRS transmission per UE, which follows the following extraction from 38.211 [2]:
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The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
	
where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. The cyclic shift  for antenna port  is given as 
,
where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts  are given by Table 6.4.1.4.2-1.
[…]
Table 6.4.1.4.2-1: Maximum number of cyclic shifts  as a function of .
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The frequency-domain starting position  is defined by

where 

and
-	 is given by the higher-layer parameter StartRBIndex if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with

	if the higher-layer parameter EnableStartRBHopping is configured, otherwise .




In summary:
· 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. On top of that, 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 2-3
· To extend the number of SRS ports per one OFDM symbol per SRS-Resource, the following can be considered:
· Use of more cyclic shifts (lower priority)
· Use of more frequency domain resources
· E.g., use of more comb indexes



2.2 Enhancements for NCB
For NCB PUSCH transmission, one or two SRS-ResourceSet(s) is configured, where at most 4 SRS-Resources with up to 1 port can be configured. When scheduling a PUSCH, gNB indicates one or multiple beams to be used via SRI, whose bit width considers the total number of SRS-Resource combinations. 

In RAN1#110, we reached the following agreements (in 9.1.3.2 and 9.1.4.2, respectively):
	Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.

Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 




Based on above, 8 single-port SRS resources are supported for non-codebook usage, which may or may not overlap in time domain depending on UE capability signalling. One remaining issue is how many SRS resource set(s) are needed to configure 8 single-port SRS resources with usage of “nonCodebook” (i.e., down-selection from the three alternatives above). While we are ok with either way, we currently think it could be straightforward to take Alt1. 

Proposal 2-4
· For SRS configuration for non-codebook UL transmission for an 8TX UE, support Alt1, i.e., A single SRS resource set configured with up to 8 single-port SRS resources 

2.3 SRS for 8T8R antenna switchingThere was a good progress for SRS for 8T8R antenna switching in the last meeting with the following agreements:

	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)

Agreement
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.




A remaining issue is the FFS in the last agreement above, i.e., whether to support the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols. We do not prefer to support such approach for usage ‘antennaSwitching” because Y-symbol guard period seems necessary between the multiple OFDM symbols with different ports. This is much less efficient compared to the approach with one OFDM symbol. 

Proposal 2-5
· For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), do not support the resource transmitted in more than one OFDM symbol, where different ports are mapped to different OFDM symbols

3. SRS enhancement for TDD CJT
As discussed in our companion contribution [3] for CJT, there are two deployment scenarios, intra-site M-TRP CJT and inter-site M-TRP CJT. For both scenarios, in TDD operation, UE can be configured with SRS transmission and multiple TRPs can measure the SRS to derive DL CSI. 

Between the two scenarios (i.e., intra-site M-TRP or inter-site M-TRP), we believe intra-site M-TRP is easier in commercial deployment. Therefore, the discussion on SRS for TDD CJT should also consider potential enhancements beneficial for intra-site M-TRP scenario as higher priority. 
Moreover, 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

As can be seen in the following agreement in the last e-meeting, there are a number of proposals for this issue:
	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.




Above can be categorized according to issue(s) to be solved captured in the WID:

Table 3-1: Candidate solutions per issue
	Issues
	Candidate solutions

	Interference randomization
	· 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
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· 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)


	Capacity enhancement
	· 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
· 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 




When TRP-common SRS usage is mainly considered, we believe interference randomization (or mitigation) would be more significant than capacity since the same per-cell SRS capacity as in legacy NR releases can be expected for the usage. 

Proposal 3-2
· For SRS enhancement for TDD CJT, considering TRP-common SRS usage, interference randomization (or mitigation) should be prioritized


3.1 Interference randomization for SRS
If there are many CJT UEs from multiple TRPs configured with SRS transmission for DL CSI acquisition, the orthogonality of those SRS transmissions cannot be guaranteed. Then the collision of two SRS resources from different TRPs is un-avoided and inter-TRP cross-SRS interference exists. As shown in Fig. 3-1, if SRS resources from UEs in different TRPs collide, the SRS resource from a CJT UE will suffer strong interference from a cell center UE. In addition, due to semi-static configuration of SRS parameters, the strong inter-TRP interference is continuous and will largely impact the accuracy of DL CSI acquisition.

[image: ]
Fig 3-1: An example of inter-TRP cross-SRS interference

To avoid continuous serious inter-TRP interference on SRS measurement, how to achieve interference randomization for SRS transmission should be studied. In the last e-meeting, several alternatives were captured in the agreement above, we have tried to summarize/compare with the alternatives in the following table: 

Table 3-2: Analysis of candidate solutions for interference randomization
	Solutions
	Issue to be solved
	Pros
	Cons

	Randomized f-domain resource
	Inter-TRP interference in a f-domain resource
	Less signaling overhead 
	Applicable to FH case only

	Randomized c-domain resource
	Inter-TRP interference in a c-domain resource
	Less signaling overhead 
No/smaller restriction on sounding performance
	Gain may be smaller?

	Randomized t-domain resource
	Inter-TRP interference in a t-domain resource
	Less signaling overhead 
	Sounding may be canceled in a certain occasion

	Power control (per TRP/multi-TRP)
	Inter-TRP interference for inter-site scenario
	Legacy design for f-/c-/t-domain can be reused
	Benefit for intra-site scenario is unclear
SRS overhead increases per TRP

	Precoded SRS
	Inter-TRP interference for inter-site scenario (or S-domain capacity)
	Legacy design for f-/c-/t-domain can be reused
	Benefit for intra-site scenario is unclear
SRS overhead increases per TRP

	Enhanced signal for flexible SRS transmission
	Inter-TRP interference in a f-/c-/t-domain resource
	More controllable by gNB
	Signaling overhead

	Enhanced sequence/CS configuration
	Inter-TRP interference in a c-domain resource
	More controllable by gNB
No/smaller restriction on sounding performance
	Gain may be smaller? 

	Resource mapping based on NW-provided parameter
	Inter-TRP interference 
	More controllable by gNB
	More different from the legacy design



Amongst the alternatives above, one of our preferred ones is enhanced signaling for flexible SRS transmission. One of the benefits would be its controllability by gNB. It makes the NW operation easier compared with the solutions with randomization. Also, due to its flexibility, larger gain of interference mitigation can be achieved. We view its disadvantage captured above, i.e., signaling overhead, not very significant as such signaling will be required if and only if it is necessary depending on the situation. 

Regarding details of enhanced signal for flexible SRS transmission, we need to select particular parameter(s) for signaling. One possibility is to flexibly update frequency domain parameter(s) so that sounding bandwidth can be changed dynamically. Another approach could be to update time domain parameter, or simply turn off a particular SRS transmission occasion. With that, gNB can enable UE to avoid its SRS transmission overlapping with other transmissions dynamically. 

Note that when considering enhanced signalling, we believe the targeted SRS configuration can be restricted. For example, for aperiodic SRS, as a triggering DCI can choose particular SRS resource set(s) among a number of candidate SRS resource sets, the flexibility can be considered sufficient already in our view. Therefore, we think it would be good to focus on periodic/semi-persistent SRS only. 

If we consider a kind of randomization considering signaling overhead, another preference from our side would be sequence (group) hopping/randomization, which was exemplified in randomized code-domain resource. Comparing with frequency-/time-domain randomization, which needs to randomize sounding time-frequency resource, it would not need such restriction on sounded resources. One possibility is to take into account TRP index (or information per TRP) in addition to SRS sequence index and time-domain location of SRS symbol for SRS sequence determination. With such approaches, variety of SRS sequences would be extended as per the number of coherent TRPs within a cell. In addition, the TRP-related information can be time-varying to optimize SRS sequence per SRS symbol. 

Proposal 3-3
· For interference randomization for TDD CJT, support the following
· Enhanced signaling for dynamic update of SRS resource parameters, e.g., time/frequency resource allocation, hopping, sequence group number, sequency number, comb, CS, etc.
· Randomized code-domain resources, based on TRP index.


3.2 SRS capacity enhancement
As we describe in the section 3, assuming TRP-common SRS usage can be mainly considered, we do not see so strong necessity to enhance SRS capacity on top of Rel.17 enhancement. On the other hand, if NW sees the need of per-TRP SRS, the required capacity would increase based on the number of coherent TRPs. In this case, it could be necessary to improve SRS capacity. Otherwise, NW may have difficulty to accommodate all the SRS resources within limited orthogonal resources, which results in inefficient usage of UL resources for SRS. 

In Rel-17, partial sounding has improved the SRS multiplexing capacity in frequency domain. Considering following constraints on SRS enhancement for TDD CJT in Rel-18 MIMO WID: 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences, further consideration on time domain (e.g., TD-OCC), frequency domain (e.g., partial sounding with larger partial frequency sounding factor), or sequence domain (e.g., larger max. cyclic shift) enhancement can be discussed. With above methods, SRS transmissions from more UEs can be multiplexed on the same UL resources. 

In our view, the extension of partial sounding can be considered as one of the straightforward solutions as extending some existing parameters can be sufficient. Cyclic shift extension might be related to the SRS enhancements for 8Tx UL as there might be the discussion on extending cyclic shifts as well. TD-OCC for SRS can also be considered by e.g., reusing DMRS design, however, it may not help improving per-symbol SRS capacity. 

Proposal 3-4
· For SRS capacity enhancement, if needed, support extending partial sounding in Rel-17.
· e.g., support smaller value for P_F



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
Proposal 2-1
· For CB PUSCH transmission with more than 4 layers, support 8-port SRS transmission within 1 OFDM symbol

Proposal 2-2
· For CB PUSCH transmission with more than 4 layers, support 8-port SRS transmission within 1 OFDM symbol

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 2-3
· To extend the number of SRS ports per one OFDM symbol per SRS-Resource, the following can be considered:
· Use of more cyclic shifts (lower priority)
· Use of more frequency domain resources
· E.g., use of more comb indexes

Proposal 2-4
· For SRS configuration for non-codebook UL transmission for an 8TX UE, support Alt1, i.e., A single SRS resource set configured with up to 8 single-port SRS resources 

Proposal 2-5
· For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), do not support the resource transmitted in more than one OFDM symbol, where different ports are mapped to different OFDM symbols


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 SRS enhancement for TDD CJT, considering TRP-common SRS usage, interference randomization (or mitigation) should be prioritized

Proposal 3-3
· For interference randomization for TDD CJT, support the following
· Enhanced signaling for dynamic update of SRS resource parameters, e.g., time/frequency resource allocation, hopping, sequence group number, sequency number, comb, CS, etc.
· Randomized code-domain resources, based on TRP index.

Proposal 3-4
· For SRS capacity enhancement, if needed, support extending partial sounding in Rel-17.
· e.g., support smaller value for P_F
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