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1	Introduction
In RAN#94-e it was agreed to study and, if justified, specify two enhancements related to SRS [1], to address CSI acquisition for coherent joint transmission (CJT) in TDD and UL MIMO transmission with 8Tx antennas:
1. 
1. 
1. 
1. 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. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
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
0. Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
1. 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.

In this paper we discuss the evaluation methodology for the two enhancements and present our views on the schemes that should be studied.

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	 Discussion on Resource Configuration for >4 TX Antenna Ports
Higher peak data rate for UL could play a significant role in short-range applications such as home entertainment, video surveillance/monitoring in industrial/healthcare/ safety, IAB, and other applications where devices power/form-factor/cost are not as stringent as in traditional handheld devices. Building a specification support for UL transmission with >4Tx antenna ports can be seen as essential component in Rel-18 to bridge the gap between DL and UL spectral efficiencies, in both FR1 and FR2.  
Current Rel-17 specification provides a support for up to 4 APs with different UL SRS comb-types and maximum cyclic-shift values.  Table 1 provides summary of Rel-17 UL SRS comb-types and maximum cyclic-shift values and the number of supported antenna ports. 
[bookmark: _Ref101392323]Table 1 Rel-17 UL SRS comb-types, maximum cyclic-shift values and number of antenna ports per resource.
	Comb-Type
	Max. CSs
	#Antenna Ports per Resource

	Comb-2 
	8
	
up to 4 APs 


	Comb-4 
	12
	up to 4 APs 

	Comb-8 
	6
	up to 4 APs  (w/ 2 comb offsets)



Up to now, to enable simultaneous up to 4APs UL SRS transmission, UE can be configured with UL SRS resource up to 4 APs associated with a resource set, where the UL SRS resource set can have one or more resources with same or different number of APs in each resource, depending on SRS usage type. To increase the number of UL SRS APs for simultaneous transmission, three different ways can be identified to obtain 8-APs per UE as follows:
· Option 1) Increasing number of APs per resource 
· Option 2) Enabling simultaneous transmission over multiple resources including APs within a resource set 
· Option 3) Enabling simultaneous transmission over resources including APs distributed across resource sets 
  In case of Option 1,a straightforward way of increasing the number of antenna ports is to configure second comb-offset for the UE by using same root sequence as the first comp-offset.  For example, 8 AP UL SRS  resource can be supported with comb-4 and CS=12 by locating AP0-AP3 to in first comb-offset with four different cyclic values and locating AP4-AP7 into the second comb-offset = (first comb-offset+2)mod 4. It is worth noting in this case same mother sequency is applied for all APs.  It is also possible to support 6 UL SRS APs by reducing the number of CS values up 3 per comb-offset. By applying same principle, the number of antenna ports can be extended also with comb-2 and comb-8. Clearly, actual channel estimation performance of different options is heavily subject to channel conditions, i.e., frequency selectivity and inter-cell interference. Based on the above discussion, Option 1 can been as potential candidate for Rel-18 UL SRS with usage of antenna switching and codebook without increasing significantly resource overhead. 
Observation 1: Option 1 facilitates a straightforward way to extend number of SRS APs up to 8 without increasing the number of resources or resource sets.
Observation 2: Option 1 can be seen as a potential candidate for Rel-18 UL SRS w/ usage antenna switching and codebook.
In case of Option 2, the number of antenna ports can be extended by increasing the number of resources with same or different number of antenna ports (≥1) and defining set of resources to be simultaneously transmitted in a UL SRS resource set. It is worth noting that no new root sequence or comb-structures is needed. However, resource overhead is higher with respect to Option 1.  For example, to support UL SRS with 8-APs, the UE can be configured with UL SRS resource set with two resources with comb-2/4/8 where each resource consists of 4-APs. Similar to Option1, it also possible to obtain 6-AP for example with two 3-AP resources or three 2-AP resources in the resource set. Option 2 can be seen as potential candidate for Rel-18 UL SRS with non-codebook usages. 
Observation 3: Option 2 enables to extend number of SRS APs up to 8 by increasing the number of resources within a resource set.
Observation 4: Option 2 can be seen as a potential candidate for Rel-18 UL SRS w/ usage non-codebook.
In case of Option 3, the number of antenna ports can be extended by increasing the number of resource sets, where each resource set can have one resource with multiple of antenna ports (≥1) and defining resource sets to be simultaneously transmitted across configured SRS resource sets. It is worth noting that no new root sequence or comb-structures is needed. However, resource overhead is higher with respect to Option 1. For example, to support UL SRS with 8-APs, the UE can be configured with two UL SRS resource sets where each set can have one resource   with comb-2/4/8 with 4-APs. By following same logic, also other number of antenna ports can be obtained, e.g., 6-AP.   
Observation 5: Option 3 enables to extend number of SRS APs up to 8 by increasing the number of resource sets.
2.2	Codebook and Non-Codebook based PUSCH 8Tx Antenna Ports
	RAN1-109e Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH



	RAN1-109e Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)




 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-resourceSet 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. 

For Rel-18, it remains open how many UL SRS resources with same or different number of antenna ports can be configured into one resource set with usage of codebook with 8-AP resource assumption.   Figure 1 shows an example of four different possible UL SRS resource set configurations with usage codebook for Rel-18. This discussion is subject to 8 TX AP precoder design discussions in agenda item 9.1.4.2 including  antenna port coherency, and full-power mode assumptions as well as UE capability. 
[image: ]
[bookmark: _Ref111199536]Figure 1 an example of different possible UL SRS resource set configurations with usage codebook for Rel-18.

Observation 6: UL SRS resource set configuration with usage codebook (including maximum number of resources) is subject to 8-TX antenna port precoder design details (including coherency, full-power modes, etc.) in Agenda item 9.1.4.2.  

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.

Figure 2 shows an example of UL SRS resource set configuration with usage non-codebook for up to 4 and 8 layers with 8 TX APs. By following Rel-15 design principle, for 8 TX antenna port support, the number of single antenna port number resources associated with layers can be easily extended by increasing the amount of them within the resource set. The maximum number of resources for UL SRS resource set with usage is subjected to Agenda item 9.1.4.2 decisions regarding to the supported layers. For example, when the UE configured e.g., 4 or 8 single antenna port resources within the set, the UE shall use either four or eight single antenna resources for simultaneous non-codebook based SRS transmission. 
[image: ]
[bookmark: _Ref111204035]Figure 2 an example of UL SRS resource set configuration with usage non-codebook for Rel-18.
Observation 7: By following Rel-15 design principle, the number of single-port resources associated with layers can be easily extended by increasing the amount of them within the UL SRS resource set.
Observation 8: The maximum number of resources for a UL SRS resource set with usage is subjected to Agenda item 9.1.4.2 decisions regarding to the supported layers for 8 TX precoded PUSCH transmission.
Proposal 1: For UL SRS resource set with usage codebook support 8 AP within one resource.
Proposal 2: For UL SRS resource set with usage non-codebook support multiple single AP resources within one resource set.
2.3	SRS Antenna Switching Enhancements for DL CSI Acquisition with up to 8Tx Antenna Ports
	RAN1-109e Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.



	RAN1-109e Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)




Figure 3 shows an example of resource overhead and latency reduction between Rel-17 4T8R and Rel-18 8T8R. By facilitating specification support for UL SRS antenna switching with 8T8R, the reduction of UL SRS resource overhead and latency can be achieved for DL CSI acquisition. From system perspective, this is highly important aspect to take into account. If UE has 8T8R antenna switching capability, it provides also further configuration flexibility, in addition legacy configurations, to support different deployment scenarios.   To further optimize Rel-18 antenna configuration, we prefer to extend specification support also for UL SRS xTyR antenna switching configurations with 4 > UL TX antenna ports, for example where x = {6,8} and y = {6, 8},
[image: ]
[bookmark: _Ref111150190]Figure 3 an example of resource overhead and latency reduction betwen Rel-17 4T8R and Rel-18 8T8R UL SRS antenna switching.
Observation 9: 8 Tx AP UL SRS operation enables to reduced UL SRS resource overhead and transmission latency related to antenna switching.
Rel-17 provides specification support only for precoded UL SRS transmission for non-codebook based PUSCH transmission. However, there is no support for precoded UL SRS transmission with antenna switching. By enabling support for precoded UL SRS transmission with antenna switching in Rel-17, UL SRS capacity as well as coverage can be enhanced compared with Rel-17 antenna switching solution. As a result of this, DL CSI quality obtained via UL SRS antenna switching can be improved as well.   Therefore, we prefer to provide specification support for precoded UL SRS with antenna switching in Rel-18.
Observation 10: Precoded UL SRS transmission with antenna switching can provide capacity and coverage enhancement for Rel-18.
Proposal 3: For UL SRS resource set with usage antenna switching (without precoding) support single resource up to 8 AP resource within one resource set.
Proposal 4: Support UL SRS  8T8R antenna switching configuration in Rel-18.
Proposal 5: Support in Rel-18 UL SRS xTyR antenna switching configurations with 4 > UL TX antenna ports, for example xTyR. where x = {6,8} and y = {6, 8}.
Proposal 6: Support precoded UL SRS transmission with antenna switching in Rel-18.
Proposal 7: For UL SRS resource set with usage antenna switching (with precoding) support up to 8 single AP resources within one resource set.
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
       …



	RAN1-109e 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 [image: ] ,[image: ] , besides the last bandwidth [image: ] 
· 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.



Regarding to above RAN1-109e meeting agreements, the number of different UL SRS enhancement candidates is large leading problems consider all candidates. Therefore we propose that interference handling schemes are prioritized over Rel-17 optimization, i.e., resource mapping of SRS based on network-provided parameters or system parameters and enhanced signaling for flexible SRS transmission. 
Observation 11:  Resource mapping of SRS based on network-provided parameters or system parameters and enhanced signaling for flexible SRS transmission can be seen as optimization of Rel-17 UL SRS.
As a result of Based on this, we prefer to prioritize the following schemes as Rel-18 UL SRS enhancements for C-JT:
· UL SRS power control enhancements
· Timing Advance UL SRS Enhancements
· Precoded UL SRS Enhancements

Proposal 8: Down-prioritize the specification work of Rel-18 UL SRS enhancements related to resource mapping of SRS based on network-provided parameters or system parameters and enhanced signaling for flexible SRS transmission can be seen as optimization of Rel-17 UL SRS.
3.1 UL SRS Power Control Enhancements 
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. As a result of this, UL SRS resource overhead and latency can increase significantly. The amount of  resource overhead and latency can be even further increased if there is need for antenna switching at the UE side.
Observation 12: TRP specific UL SRS power control 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. 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 13:  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 9: Support single value UL power control for single UL SRS resource transmission associated with multiple pathlossReferenceRS measurements with CJT.
3.2 Timing Advance UL SRS Enhancements 
To reduce latency and resource overhead for UL SRS with usage antenna switching for TDD CJT in M-TRP scenario, it is preferred to use single UL SRS resource transmission with single value power control value. However, due to different propagation delays between UE and different TPRs, the usage of single value can be challenging leading to interference problems at TRPs. To enable the use of single resource UL SRS transmission and reduce interference problems due to different propagation delays, we prefer to consider UE procedure where the UE measures timing offset difference between DL RS resources (e.g. TRS) associated with different TRPs and report timing offset differences for the serving TRP which are preferable from UE perspective for simultaneous single resource UL SRS transmission. Based on the reported timing offset differences, the serving TRP determine TA command value used for simultaneous single resource UL SRS transmission and indicates it for the UE.   
Observation 14:  To enable efficient utilization of single resource UL SRS with antenna switching for CJT, the UE shall report multiple timing offset values associated with simultaneous single UL SRS resource transmission with multiple TRPs.
Proposal 10:  Support reporting of multiple timing offset values associated with simultaneous single UL SRS resource transmission with multiple TRPs.

3.3 Precoded UL SRS Enhancements 
Regarding to precoded UL SRS for DL CSI acquisition, as discussed earlier in Section 2.3, we support the use of precoded SRS for DL CSI acquisition for C-JT in Rel-18 (see Proposal 6).
4	Conclusion

Hereafter is a summary of proposals for SRS enhancement for 8Tx UL MIMO.
Proposal 1: For UL SRS resource set with usage codebook support 8 AP within one resource.
Proposal 2: For UL SRS resource set with usage non-codebook support multiple single AP resources within one resource set.
Proposal 3:  For UL SRS resource set with usage antenna switching (without precoding) support single resource up to 8 AP resource within one resource set.
Proposal 4:  Support UL SRS  8T8R antenna switching configuration in Rel-18.
Proposal 5:  Support in Rel-18 UL SRS  xTyR antenna switching configurations with 4 > UL TX antenna ports, for example xTyR. where x = {6,8} and y = {6, 8}.
Proposal 6:  Support precoded UL SRS transmission with antenna switching in Rel-18.
Proposal 7:  For UL SRS resource set with usage antenna switching (with precoding) support up to 8 single AP resources within one resource set.

Hereafter is a summary of proposals for SRS enhancement for TDD CJT.
Proposal 8:  Down-prioritize the specification work of Rel-18 UL SRS enhancements related to resource mapping of SRS based on network-provided parameters or system parameters and enhanced signaling for flexible SRS transmission can be seen as optimization of Rel-17 UL SRS.
Proposal 9:  Support single value UL power control for single UL SRS resource transmission associated with multiple pathlossReferenceRS measurements with CJT.
Proposal 6:  Support precoded UL SRS transmission with antenna switching in Rel-18.
Proposal 10:  Support reporting of multiple timing offset values associated with simultaneous single UL SRS resource transmission with multiple TRPs.
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