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1	Introduction
In RAN1 #110bis-e meeting, RAN1 has made following agreements and conclusions.
Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.

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

Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.

Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.

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

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.

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.

Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS.

2	SRS Enhancement for 8 Tx Antenna Ports
	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: 
…
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
0. 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.
       …



2.1	8-AP UL SRS Resource Set Configuration for Codebook  
For codebook-based transmission in Rel-15, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter codebookSubset in pusch-Config for PUSCH associated with DCI format 0_1 which may be configured with 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent' depending on the UE capability. It is worth noting that coherency assumptions for 8 TX codebook are defined in agenda item 9.1.4.2, where further details on 8-TX codebook coherency assumption can be found from our companion paper [2].

In Rel-15, when the SRS-resource set with usage set to "codebook" includes at least one SRS resource with 4 ports and one SRS resource with 2 ports, the codebookSubset associated with the 2-port SRS resource is 'nonCoherent'. For codebook-based transmission, only one SRS resource can be indicated based on the SRI from within the SRS resource set. 

In Rel-17, when two SRS resource sets are configured with higher layer parameter usage in SRS-ResourceSet set to 'codebook', the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets.

For Rel-18 S-DCI and M-DCI based STxMP PUSCH, the UE is assumed to be configured with two UL SRS resource sets with usage ‘codebook’ with the assumption that only 4-APs can be simultaneously transmitted over two different antenna panels.





	RAN1#110bis Agreement in AI 9.1.4.2
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded




	RAN1#110bis Agreement in AI 9.1.4.2
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.




As shown above, related agreements and FFS points on 8TX SRS resource set configuration has been agreed in AI 9.1.4.2: SRI/TPMI enhancement for enabling 8TX UL transmission. 

	RAN1#110 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



In RAN1#110bis, it remained for further study whether UE can be configured with UL SRS resource set configuration with usage ‘codebook’ with  8 antenna ports with one or multiple OFDM symbols. 


Figure 1 shows an example of UL SRS resource w/ usage codebook w/ one 8-AP resource.  As shown, one 8-AP UL SRS resource can be transmitted in one OFDM. From latency perspective, it is beneficial to support configuration where 8-TX antenna ports are transmitted in one OFDM symbol. However, in some scenarios, e.g. coverage/power limited scenarios, it is also beneficial to provide support for UL SRS resource set configuration where UL TX power boosting can be enabled by using multiple OFDM symbols where different APs are associated with different OFDM symbols.  Moreover, multi-symbol configuration enables to distribute resources across different SRS transmission which may be beneficial for a scheduler at the network side.  
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[bookmark: _Ref117516394]Figure 1 An example of  UL SRS resource set w/ usage codebook w/ one 8-AP resource.

As agreed in previous RAN1#110bis meeting, 8-TX codebook design supports different coherency assumptions with different coherency group sizes, i.e., Ng = 2 with two coherent groups, Ng=4 with four different coherency groups. It can be assumed that the UE indicates its coherency group and simultaneous 8TX antenna port capability for SRS transmission via capability signalling. As a result of this, the network may configure the UE with UL SRS resource set configuration with usage codebook for 8 TX SRS with one or more OFDM symbols.
Observation 1: Based on UE’s UL SRS capability information on coherency group and simultaneous 8TX antenna port capability, network may configure the UE with UL SRS resource set configuration with usage codebook for 8 TX SRS with one or more OFDM symbols.
Figure 5 shows an example of UL SRS resource set#1 configuration where two 4-AP resources, i.e., SRI#2 and SRI#4, are configured for the UE. Based on UE’s coherence group capability, Ng=2, the network can assume that UE supports two different sets of antenna ports where antenna ports within a group are having coherency with each other but non-coherency between groups. As a result of this, the network may configure the first set of four different coherent antenna ports to be within SRI#2 and another set of four different coherent antenna ports to be within SRI#4. Since the UE has indicated its capability that it supports simultaneous 8TX antenna port UL transmission, the network can configure resources, i.e. SRI#2 and SRI#4, to either in consecutive OFDM symbol or non-consecutive symbols without any gap (i.e. no any TX) between two resources. It is worth noting that if these resources would have been configured into two different resource sets also no gap between different resource sets would be needed. As a result of this, the UE shall transmit separately SRI#2 and SRI#4 resources with 4-antenna ports at any configured OFDM symbols within a slot.    
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[bookmark: _Ref117857236]Figure 2 an example of UL SRS resource set configuration w/ usage codebook w/ 4+4 resources for 8 TX with two OFDM symbols.

Observation 2: When the number of coherency groups, Ng, is 2, UL SRS resources w/ usage ‘codebook’ can be distributed across 2 different consecutive/non-consecutive OFDM symbols with 4-APs in each resource where different antenna ports used for the transmission in different OFDM symbols.  

Figure 6 shows an example of UL SRS resource set configuration with usage codebook with four resources with 2-antenna port in each resource, when UE has indicated Ng=4 coherency groups via capability signaling.
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[bookmark: _Ref118054506]Figure 3 an example of UL SRS resource set configuration w/ usage codebook w/ 2+2+2+2 resources for 8 TX with two OFDM symbols.
Observation 3: When the number of coherency groups, Ng, is 4, UL SRS resources w/ usage ‘codebook’ can be distributed across 4 different consecutive/non-consecutive OFDM symbols with 2-APs in each resource where different antenna ports used for the transmission in different OFDM symbols.  

Proposal 1: Support 8-AP UL SRS resource set configurations with usage ‘codebook’ with one or more resources, where antenna ports of 8TX are transmitted in one or more OFDM symbols.

2.2 8-AP UL SRS Resource Set Configuration for Non-Codebook  
For non-codebook-based transmission in Rel-15, the UE can calculate the precoder used for the transmission of SRS based on measurement of an associated NZP CSI-RS resource. In Rel-15, a UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook' if configured. The UE shall use one or multiple SRS resources for SRS transmission, where, in a SRS resource set, the maximum number of SRS resources which can be configured to the UE for simultaneous transmission in the same symbol and the maximum number of SRS resources are UE capabilities. Only one SRS antenna port for each SRS resource is configured.

For Rel-18 S-DCI and M-DCI based STxMP PUSCH, the UE is assumed to be configured with two UL SRS resource sets with usage ‘NoneCodebook’ with the assumption that only 4-APs can be simultaneously transmitted over two different antenna panels.

	RAN1-110 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.




In RAN1#110bis, it remained for down-selection whether UE can be configured with UL SRS resource set configuration with usage ‘codebook’ with 8 antenna ports with one or multiple OFDM symbols. As discussed in previous section, multi-symbol 8-TX antenna UL SRS resource configuration can enable TX power boosting and flexible distribution of different antenna ports over multiple OFDM symbols. Therefore, it is reasonable to provide specification support for such configuration in the context of SRS resource set with usage ‘NonCodebook’.   

Figure 7 shows an example of UL SRS resource set configuration with usage non-codebook with 8 resources with 1-antenna port in each resource.  As can be seen, four different sub-resource groups with single antenna port resources are associated with four different OFDM symbols with different antenna ports, where each OFDM symbol consist of two single antenna port SRS resources. Since non-codebook-based precoding assumes full coherency between different antenna ports, the UE is assumed to maintain coherency over configured number of OFDM symbols. It remains for further study coherency is valid only over certain number of OFDM symbols.
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[bookmark: _Ref118242201]Figure 7 an example of UL SRS resource set configuration w/ usage non-codebook w/ {1+1}+{1+1}+{1+1}+{1+1} resources for 8 TX with four OFDM symbols.

Observation 4: UL SRS resources w/ usage ‘NoneCodebook’ can be distributed across multiple different OFDM symbols with 1-APs resource where different antenna ports used for the transmission in different OFDM symbols.  


Proposal 2: Support 8-AP UL SRS resource set configurations with usage ‘NonCodebook’ with one or more resources, where antenna ports of 8TX are transmitted in one or more OFDM symbols.
· FFS:  coherency between antenna ports is valid only over certain number of OFDM symbols


2.3 8-AP UL SRS Resource Set Configuration for Antenna Switching 

	RAN1-110 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.



In RAN1#110 meeting, it remained for further study whether UE can be configured with UL SRS resource set configuration with usage antenna-switching where different antenna ports are transmitted in different OFDM symbols. Figure 8 shows two example of UL sRS resource set configuration w/ usage antenna-switching for 8T8R with two OFDM symbols with 4-AP resources and with four OFDM symbols with 2-AP resources. Since the UE has indicated it’s capability to supports simultaneous 8TX antenna ports UL transmission, the network can configured resources to either in consecutive OFDM symbol or non-consecutive symbols without any gap (i.e. no any TX) between two resources.  


[image: ]        [image: ]
a) two resources w/ 4-Aps			b) four resources w/ 2-APs
[bookmark: _Ref118237211]Figure 8 an example of UL SRS resource set configuration w/ usage antenna-switching for 8T8R with two and four different OFDM symbols.
Observation 5: When resources are configured over multiple OFDM symbols with 8T8R, no gaps/guard periods are needed between different resources.
Proposal 3: Support 8-AP UL SRS resource set configurations with usage ‘antenna-switching’ with one or more resources, where antenna ports of 8TX are transmitted in one or more OFDM symbols.

3	UL SRS Enhancements for TDD CJT

	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: 
…
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:
0. 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
       …



	RAN1-110b-e Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.

RAN1-110b-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


RAN1-110b-e Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.

Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.

RAN1-110b-e 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

Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS.




3.1 UL SRS Power Control Enhancements 
In RAN1 #110bis-e, RAN1 agreed the following items to study for efficient per-TRP SRS power control.
	RAN1-110b-e 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




In Rel-17 UE adjusts its UL SRS transmit power for all resources within UL SRS set based on a single pathloss reference (pathlossReferenceRS), i.e., DL reference signal/signal (e.g., NZP-CSI-RS or SSB) that is common for all resources within UL SRS set), set up by a single (serving) TRP. In a M-TRP scenario, the pathlosses to different TRPs are not necessarily represented by this single DL pathlossReferenceRS. Thus, since only a single pathloss reference can be configured for a UL SRS resource set, i.e., the UE uplink transmission power is adjusted based on a single TRP, the transmit power might not correspond to the feasible power level towards the other TRPs causing interference at other TRPs. On one hand, adjusting the UE transmit power based on a nearby TRP (i.e., low transmit power corresponding to low pathloss), the signal level at a far-off TRP is lowered further from the case when the UE transmits at maximum power. On the other hand, adjusting the UE transmit power based on a far-off TRP (i.e., high transmit power corresponding to high pathloss), the signal level at a nearby TRP may saturate reception of the UL SRS, causing near-far problems (i.e. interference) when multiple UEs need to be served.
One way to reduce SRS interference problems for UL SRS transmission in M-TRP scenario is to configure UE with multiple UL SRS resource sets and request the UE to transmit UL SRS resources sequentially in time TRP specifically, which is correspond to option 2 in the agreement in RAN1#1101bis-e. As a result of this, UL SRS resource overhead and latency can increase significantly. The amount of resources overhead and latency can be even further increased if there is need for antenna switching at the UE side.
Observation 6: TRP specific UL SRS power control(option 2) increases resource overhead and latency. 
To reduce problems related to excessive latency and resource overhead with TRP-specific UL SRS transmission for TDD C-JT, a procedure can be defined where the UE determines single UL power control value based on multiple pathlossReferenceRS measurements associated with multiple with DL/joint DL and UL/UL TCI states from different TRPs, which is correspond to the option 1 in the above agreement. As a result of this, the UE can apply single power control value for UL SRS transmission in M-TRP scenario. By using a single value UL power PC for the UL SRS resource transmission introduces the pathloss information implicitly in the channel estimated at the TRP (that is, the relative pathloss differences between TRPs), which can then be more accurately accounted for when determining the downlink precoder for C-JT.  
Observation 7:  By using multiple pathlossReferenceRS measurements for pathloss estimation associated with multiple with DL/joint DL and UL/UL TCI states from different TRPs, the UE can determine single UL PC value to applied with single resource/resource set transmission to multiple TPRs.
Proposal 4: Support option 1, where single value UL power control for single UL SRS resource transmission associated with multiple pathlossReferenceRS measurements with CJT.
3.2 Precoded UL SRS Enhancements 
Rel-17 specification provides support only for precoded UL SRS transmission when usage is set to non-codebook to enable non-codebook based PUSCH transmission. However, there is no support for precoded UL SRS transmission when usage is set to antenna switching. UL SRS antenna switching with precoding can provide coverage and interference mitigation enhancements for Rel-18 TDD C-JT. As a result of this, the quality of DL CSI can be improved leading to enhanced DL throughput associated TDD C-JT. Moreover, via precoded UL SRS transmission better interference awareness can be provided for the network about interference at DL reception. 
Observation 8: UL SRS antenna switching with precoding can provide coverage and interference mitigation enhancements for DL CSI acquisition for TDD C-JT. 
Observation 9: Precoded UL SRS transmission can enable improved interference awareness for the network about interference at DL reception.
When the UE is configured with SRS with antenna switching configuration with precoding, where x=y, the UL SRS resource set configuration is similar with non-codebook based UL SRS.  Additionally, SRS resource set is associated with DL RS resource based on which the UE determines precoder for UL SRS transmission. Based on the configuration, the UE can transmit one or more single antenna port resources with precoding.    
Figure 4 shows an example of UL SRS with antenna switching configuration with precoding, where x<y. As can be seen, the precoded UL SRS transmission needs to be divided into different transmission occasions that needs to re-constructed at the gNB to obtain effective channel (including channel and precoding). 
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[bookmark: _Ref115461242]Figure 5 an example of UL SRS resource configuration and non-codebook based precoded SRS transmission with 1T2R antenna switching configuration.
Proposal 5: Support precoded UL SRS transmission with antenna switching in Rel-18.
· FFS:details on xTyR antenna switching configurations and transmission, where x<y with precoding 

Proposal 6: For UL SRS resource set with usage antenna switching with precoding support up to 8 single AP resources within one resource set.

3.3 Randomized code-domain resource mapping for SRS transmission
CS hopping and comb-offset hopping for SRS enhancement
 In RAN1 #110bis-e meeting, we have selected two kinds of enhanced schemes for TDD CJT enhancement.  First, for interference randomization, we have agreed to consider two schemes, which are CS hopping and comb offset hopping as below. 
	RAN1-110b-e Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.

RAN1-110b-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



In order to provide the interference randomization as well as diversity support, SRS hopping in frequency/sequence/group hopping are supported. 
For code-domain hopping, sequence/group hopping support the randomization between cells, but not support for randomizations across the ports. Due to different channel and interference environments, there is differences of SINR of different SRS ports according to what cyclic shift is used. Because the overall performance is dominated from the worst channel, and this cause interference/noise enhancement. CS hopping provide the gain of mitigating the imbalance of SINR across the SRS ports. We can use the CS hopping pattern used for PUCCH sequence as a starting point. 
Also, the easy option for legacy handling is using FDM by different comb-offset. With CS hopping, gNB can use different comb for different release of SRS. But comb-offset hopping cannot easily support this scheme. 
Proposal 7: Support CS hopping for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement in Rel-18. CS hopping pattern used for NR PUCCH sequence can be a starting point.
In RAN1#110bis meeting, it was agreed that comb offset hopping scheme remained for further study to randomize multi-user interference in TDD CJT. For comb offset hopping multi-user interference is randomized by defining a hopping pattern where comb-type specific frequency offset is pseudo-randomized with network-controlled manner UE specifically. The number of comb-offsets depends on comb-type-N, where N=2, or 4 or 8, with corresponding offsets options 2,4 and 8, respectively. In general, comb-offset hopping provides a simple and feasible approach for interference randomization for Rel-18 TDD CJT.
Observation 10: Comb-offset hopping provides a simple and feasible approach for interference randomization for Rel-18 TDD CJT.
 Figure 7 shows an example of UL SRS comb-offset hopping with two different UEs configured with same comb-type with different comb-offset initialization values. As can be observed, collision may occur causing the degradation of UL SRS based channel estimates in periodic manner. The collision problem may become even more serious when the number of UEs and TRPs are increased. Similar problem of collisions may exist when legacy UE are configured to transmit UL SRS in the same OFDM symbols. Therefore, different options to enhance comb-offset hopping with Rel-18 and legacy UEs should be considered in addition to of the mechanisms under discussion.
. [image: ]
[bookmark: _Ref118720824]Figure 7 An example of comb-offset hopping with two UEs.
Observation 11: It would be beneficial to improve comb-offset hopping to enable enhanced coexistence with legacy and Rel-18 UEs.

4	Conclusion

Hereafter is a summary of proposals for SRS enhancement 
Observation 1: Based on UE’s UL SRS capability information on coherency group and simultaneous 8TX antenna port capability, network may configure the UE with UL SRS resource set configuration with usage codebook for 8 TX SRS with one or more OFDM symbols.
Observation 2: When the number of coherency groups, Ng, is 2, UL SRS resources w/ usage ‘codebook’ can be distributed across 2 different consecutive/non-consecutive OFDM symbols with 4-APs in each resource where different antenna ports used for the transmission in different OFDM symbols.  

Observation 3: When the number of coherency groups, Ng, is 4, UL SRS resources w/ usage ‘codebook’ can be distributed across 4 different consecutive/non-consecutive OFDM symbols with 2-APs in each resource where different antenna ports used for the transmission in different OFDM symbols.  

Proposal 1: Support  8-AP UL SRS resource set configurations with usage ‘codebook’ with one or more resources, where antenna ports of 8TX are transmitted in one or more OFDM symbols.
Observation 4: UL SRS resources w/ usage ‘NoneCodebook’ can be distributed across multiple different OFDM symbols with 1-APs resource where different antenna ports used for the transmission in different OFDM symbols.  

Proposal 2: Support 8-AP UL SRS resource set configurations with usage ‘NonCodebook’ with one or more resources, where antenna ports of 8TX are transmitted in one or more OFDM symbols.
· FFS:  coherency between antenna ports is valid only over certain number of OFDM symbols

Observation 5: When resources are configured over multiple OFDM symbols with 8T8R, no gaps/guard periods are needed between different resources.
Proposal 3: Support 8-AP UL SRS resource set configurations with usage ‘antenna-switching’ with one or more resources, where antenna ports of 8TX are transmitted in one or more OFDM symbols.
Observation 6: TRP specific UL SRS power control(option 2) increases resource overhead and latency. 
Observation 7:  By using multiple pathlossReferenceRS measurements for pathloss estimation associated with multiple with DL/joint DL and UL/UL TCI states from different TRPs, the UE can determine single UL PC value to applied with single resource/resource set transmission to multiple TPRs.
Proposal 4: Support option 1, where single value UL power control for single UL SRS resource transmission associated with multiple pathlossReferenceRS measurements with CJT.
Observation 8: UL SRS antenna switching with precoding can provide coverage and interference mitigation enhancements for DL CSI acquisition for TDD C-JT. 
Observation 9: Precoded UL SRS transmission can enable improved interference awareness for the network about interference at DL reception.
Proposal 5: Support precoded UL SRS transmission with antenna switching in Rel-18.
· FFS:details on xTyR antenna switching configurations and transmission, where x<y with precoding 

Proposal 6: For UL SRS resource set with usage antenna switching with precoding support up to 8 single AP resources within one resource set.
Proposal 7: Support CS hopping for  SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement in Rel-18. CS hopping pattern used for NR PUCCH sequence can be a starting point.
 Observation 10: Comb-offset hopping provides a simple and feasible approach for interference randomization for Rel-18 TDD CJT
Observation 11: It would be beneficial to improve comb-offset hopping to enable enhanced coexistence with legacy and Rel-18 UEs.

References
[1] [bookmark: _Ref525918101][bookmark: _Ref37357160][bookmark: _Ref40109439][bookmark: _Ref99378266]RP-213598, Samsung, “New WID: MIMO Evolution for Downlink and Uplink,” RAN#94e.
[2] R1-2207550 Nokia, Nokia Shanghai Bell, “UL enhancements for enabling 8Tx UL transmission”, RAN1-110 Toulouse.

image1.png
Slot n

SRS resource set#1

SRI#2





image2.png
Partially coherent

Slotn
SRS resource set#1

= [ : )
3 coherent 4-AP SRI#2 SRI#4

[

<

o]

© \ coherent 4-Ap RS

c

o [TTTTTITTTITT] ]

2 012345 678910111213




image3.png
Non-coherent

Partially coherent

( coherent
coherent

((coherent

SRS resource set#1

coherent

Slot n
|
[ SRI#2SRI#4SRIHGSR#E
(L]
[TTTTTTI
012345 678910111213




image4.png
Coherent—

9th OFDM symbol —

10th OFDM symbol —

11th OFDM symbol —

12th OFDM symbol —

SRS resource set#1

Slot

n

)_SRIs SRis SRis SRis

#1-2#3-4#5-6 #]-8

o—f—
[ m—
[N —

W —t

o—
~—

8910111213




image5.png
Slot n
A
4'AP SRI#2 SRI#4

SRS resource set#1

\

4-AP

|
[
8

o——
—_
N——
W —
[ —
[0, PR —
~—

I
9 10112!2 13




image6.png
Slotn
A

SRI#2 SRI#4 SRI#6 SAIHS

o——

,—

[T —

W —t—

45 8910111213




image7.png
' Antenna-switching
AP#1 wansmittedat Gsi
time instant tO NZP- S
| Channel coefficient 1 P2 transmittedat
3 forlinkbetween TX § time instant t1

AP#1 and RXAPE2. RS-set#1

Vapwn
SRS-res#1

SRS-resn2,

Radio channel for 2 RX and 21X antenna ports.




image8.png
UE#H1

UE#2

iSlot#t1 islot#2.
S pors v
ateentcomts
cotsin| Sty





