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1. Introduction
[bookmark: _Hlk101465064]In RAN#94e, the Rel-18 WID for NR MIMO evolution for downlink and uplink was approved [1], in which the potential enhancement is for SRS enhancement for TDD coherent JT (CJT) scenario and 8 TX operation as shown below:
	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:
· [bookmark: _Hlk110955023][bookmark: _Hlk101708569]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 will discuss SRS enhancement for enabling 8 TX UL transmission and TDD coherent JT (CJT) scenario.
2. SRS enhancement for enabling 8 Tx UL transmission 
To enable 8 Tx UL transmission, up to 8 ports SRS design and SRS antenna switching for 8 Tx UE should be enhanced in Rel-18.
2.1. Detailed designs to support 8 Tx SRS
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .
· Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
· For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
· FFS: potential impact on PAPR, if any.


In RAN1#112b-e meeting [6], two options are listed for port mapping scheme of 8 ports SRS. Similar as legacy comb and cyclic shift design of comb 8, the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol for 8 ports SRS. For comb 4, 4 different cyclic shifts and 2 comb offsets are used for orthogonal antenna ports. For comb 8, 2 cyclic shifts and 4 comb offsets are used for orthogonal antenna ports. 
Proposal 1: [bookmark: _Hlk134829231]Support Option 1 on port mapping of 8 ports SRS:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .

2.2. Enhancement on 8 ports SRS in multiple OFDM symbol
In RAN1#112 meeting [5] and RAN1#112b-e meeting [6], details of 8 ports SRS resource transmitted in multiple OFDM symbols has been discussed.
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.



In RAN1#112 meeting [5], different SRS ports mapped onto 2 adjacent OFDM symbols has been supported. While, whether TDM-4 and TDM-8 can be supported for 8 ports SRS is FFS. TDM-8 needs adjacent 8 OFDM symbols, which increase the UL resource overhead. To consider the scheduling flexibility of network, TDM-4 could be also supported to transmit 2 SRS antenna ports on each symbol. 
For TDM-2, one symbol is used to transmit SRS antenna ports {1001, 1002, 1003, 1004}, and another symbol is used to transmit SRS antenna ports {1005, 1006, 1007, 1008}, and the RE mapping of each symbol is same as legacy 4 ports SRS. Similarly, for TDM-4, four symbols are used to transmit SRS antenna ports {1001, 1002}, {1003, 1004}, {1005, 1006}, and {1007, 1008} respectively, and the RE mapping of each symbol is same as legacy 2 ports SRS. 
Proposal 2: [bookmark: _Hlk134829285][bookmark: _Hlk134829262]Support TDM-4 for 8 ports SRS. 
Proposal 3: [bookmark: _Hlk134828778]For TDM-2, ports {1001, 1002, 1003, 1004} and ports {1005, 1006, 1007, 1008} are transmitted in adjacent symbols, and the RE mapping of each symbol is same as legacy 4 ports SRS. For TDM-4, four symbols are used to transmit SRS antenna ports {1001, 1002}, {1003, 1004}, {1005, 1006}, and {1007, 1008} respectively, and the RE mapping of each symbol is same as legacy 2 ports SRS.
Additionally, to improve the reliability of SRS, repetition can be also supported with TDM transmission. For frequency hopping, 8 ports of SRS are firstly mapped onto nrofTDM adjacent OFDM symbols, then mapped onto different frequency band based on frequency hopping procedure, where nrofTDM = {1,2,4} is the number of OFDM symbols for TDM. The combinations of nrofSymbols and repetitionFactor are listed in Table 1. It can be seen that the repetitionFactor×nrofTDM should be less than or equal to nrofSymbols, and nrofSymbols should be divisible by repetitionFactor×nrofTDM, where nrofTDM is the number of OFDM symbols for TDM. For TDM-4, when nrofSymbols=12, repetitionFactor = 3 can be supported for three times of frequency hopping, which has not been supported in current spec. 
Table 1. Combinations of nrofSymbols and repetitionFactor for 8 ports SRS with TDM-2, TDM-4 and TDM-8
	nrofTDM
	nrofSymbols
	repetitionFactor

	TDM-2
	2
	1

	
	4
	1,2

	
	8
	1,2,4

	
	10
	1,2,4,5

	
	12
	1,2,4,5,6

	
	14
	1,2,4,5,6,7

	TDM-4
	4
	1

	
	8
	1,2

	
	12
	1,2,3


Proposal 4: Support repetition and frequency hopping based on TDM transmission, where repetitionFactor×nrofTDM should be less than or equal to nrofSymbols, and nrofSymbols should be divisible by repetitionFactor×nrofTDM.
Proposal 5: Support repetitionFactor=3 for TDM-4 with nrofSymbols=12.
In Rel-15, SRS is transmitted in one symbol, and UE splits the transmit power equally across the configured antenna ports for SRS. For 8-port SRS transmitted in multiple symbols, if UE splits the transmit power across 8 antenna ports, then the benefit to use multiple SRS symbols to improve transmit power for cell edge UE is not available. If UE splits the transmit power equally across the configured antenna ports for each symbol, the transmit power for each antenna port may exceed the PA capability. For example, a UE of PCMAX=23dB with PA capability {14, 14, 14, 14, 14, 14, 14, 14}. For SRS transmitted in two symbols, if UE splits the transmit power across 4 antenna ports for each symbol, then UE may need to transmit 17 dB for each antenna port, which exceeds the PA capability of 14dB. So, UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol. If the UE is not capable of transmitting at  per OFDM symbol, introduce a power scaling factor for the linear value of , where the power scaling factor can be UE capability. 
Proposal 6: If the UE is capable of transmitting at  per OFDM symbol, UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol. If the UE is not capable of transmitting at  per OFDM symbol, introduce a power scaling factor for the linear value of , where the power scaling factor can be UE capability. 

2.3. SRS enhancement for antenna switching
In RAN1#110 meeting [2], SRS enhancement for 8T8R ‘antennaSwitching’ has been identified.
	Agreement@RAN1#110 
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@RAN1#110 
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.
Agreement@RAN1#110 
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).


Currently, UE may be configured SRS for antenna switching depending on the indicated UE capability supportedSRS-TxPortSwitch. For 8T8R UE, 8 ports SRS resource can be configured in SRS resource set for antenna switching. Besides, whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be studied. For example, whether the SRS configurations for 4T8R or 4T4R can be also configured for 8T8R UE to reduce the potential high overhead of SRS resources and facilitate high UE power efficiency.
Proposal 7: Whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be discussed.

3. SRS enhancement for TDD coherent JT (CJT)
3.1. Whether to allow combining cyclic shift hopping and comb offset hopping
In RAN1#112 meeting [5], we have the following agreement on the enhancement for CJT SRS interference randomization:
	Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability



[bookmark: _Hlk118503698]For SRS interference randomization, in last meeting we have agreed that cyclic shift hopping and comb offset hopping for SRS will be supported in Rel-18.
[bookmark: _Hlk118504177]As for whether/how co-existence of comb offset hopping and cyclic shift hopping is supported, we think it is much related to the time-domain granularity for these two hopping methods. If the time domain granularities for comb offset hopping and cyclic shift hopping are the same, then the SRS orthogonality may be difficult to guarantee. Meanwhile, if the granularities for comb offset hopping and cyclic shift hopping are different, then the SRS orthogonality within the smaller granularity can still be guaranteed. For example, if the SRS is configured with repetition and the cyclic shift hopping is performed per symbol within a slot, while the comb offset hopping is performed per transmission occasion /slot, then the SRS is still orthogonal within a slot/transmission occasion. Hence, we think whether the SRS is orthogonal or not is much related to the time-domain granularity for hopping if both comb offset hopping and cyclic shift hopping are configured.
Observation 1: If both comb offset hopping and cyclic shift hopping are configured, whether the SRS is orthogonal or not is much related to the time-domain granularity for the two hopping-based methods.

However, when only one of cyclic shift hopping and comb offset hopping is applied for C-JT SRS, usually the interference SRS suffered could already been alleviated enough. Besides, if combined hopping pattern is supported, it will make multiplexing with legacy UE much harder, since SRS will be hopped in code domain and frequency domain and legacy SRS cannot be multiplexed with CJT SRS in CDM manner or FDM manner. Also, combined scheme would introduce additional scheduling complexity at gNB to avoid potential collision.
[bookmark: _Hlk126692589]So, for simplicity, cyclic shift hopping and comb offset hopping should be supported separately. Cyclic shift hopping and comb offset hopping can be configured by RRC signalling, but them cannot be configured simultaneously. Only if the benefit of combined CS hopping and comb offset hopping is justified validly, combined hopping can be supported.
Proposal 8: [bookmark: _Hlk126694510]For SRS interference randomization, cyclic shift hopping and comb offset hopping should be supported separately.
Proposal 9: Cyclic shift hopping and comb offset hopping can be configured by RRC signaling.

3.2. Hopping pattern reinitialization
In RAN1#112bis-e meeting [6], we have the following agreement on the reinitialization behaviour for SRS comb offset hopping / cyclic shift hopping:
	Agreement
[bookmark: _Hlk134825967]For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.



For legacy sequence/group hopping, reinitialization will be performed at the beginning of each radio frame, now we have agreed that reinitialization can be performed in a longer periodicity than one radio frame, to pursuing larger randomization gain. So, to get ultimate randomization benefits, we think the value of N can be configured by RRC signalling.
Proposal 10: For SRS comb offset hopping / cyclic shift hopping, reinitialization can be performed at the beginning of every N radio frame(s), the value of N can be configured by RRC signalling.

The typical use case is for the SRS resources with rather large periodicity. If the periodicity of reinitialization is much larger than SRS transmission
In current spec, the range of periodicity of SRS can be from 1 slot to 81920 slots, which is a very wide range, and the maximum of periodicity is also very large. We think the supported values should be selected from the supported values of SRS periodicity.
Proposal 11: For SRS comb offset hopping / cyclic shift hopping, regarding the supported values of reinitialization periodicity N, the supported values of SRS transmission periodicity can be considered.

3.3. Cyclic shift hopping / comb offset hopping combined with group / sequence hopping
In RAN1#112bis-e meeting [6], we have the following agreement on whether cyclic shift hopping / comb offset hopping can be combined with group / sequence hopping:
	Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
· [bookmark: _Hlk134827712][bookmark: _Hlk134828098]FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design. 
· FFS: UE feature/capability design details.



Regarding whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource, we think it can be supported. Both cyclic shift hopping and group / sequence hopping are code domain hopping, interference randomization can be further enhanced if combined hopping is performed.
Proposal 12: Support that SRS cyclic shift hopping can be combined with one of group / sequence hopping on an SRS resource.

4. Conclusion
Based on the above discussions, the proposals are as follows:
SRS-8T
Proposal 1: Support Option 1 on port mapping of 8 ports SRS:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .

Proposal 2: Support TDM-4 for 8 ports SRS. 
Proposal 3: For TDM-2, ports {1001, 1002, 1003, 1004} and ports {1005, 1006, 1007, 1008} are transmitted in adjacent symbols, and the RE mapping of each symbol is same as legacy 4 ports SRS. For TDM-4, four symbols are used to transmit SRS antenna ports {1001, 1002}, {1003, 1004}, {1005, 1006}, and {1007, 1008} respectively, and the RE mapping of each symbol is same as legacy 2 ports SRS.
Proposal 4: Support repetition and frequency hopping based on TDM transmission, where repetitionFactor×nrofTDM should be less than or equal to nrofSymbols, and nrofSymbols should be divisible by repetitionFactor×nrofTDM.
Proposal 5: Support repetitionFactor=3 for TDM-4 with nrofSymbols=12.
Proposal 6: If the UE is capable of transmitting at  per OFDM symbol, UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol. If the UE is not capable of transmitting at  per OFDM symbol, introduce a power scaling factor for the linear value of , where the power scaling factor can be UE capability. 
Proposal 7: Whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be discussed.


SRS-CJT
Proposal 8: For SRS interference randomization, cyclic shift hopping and comb offset hopping should be supported separately.
Proposal 9: Cyclic shift hopping and comb offset hopping can be configured by RRC signaling.
Proposal 10: For SRS comb offset hopping / cyclic shift hopping, reinitialization can be performed at the beginning of every N radio frame(s), the value of N can be configured by RRC signalling.
Proposal 11: For SRS comb offset hopping / cyclic shift hopping, regarding the supported values of reinitialization periodicity N, the supported values of SRS transmission periodicity can be considered.
Proposal 12: Support that SRS cyclic shift hopping can be combined with one of group / sequence hopping on an SRS resource.

Observation 1: If both comb offset hopping and cyclic shift hopping are configured, whether the SRS is orthogonal or not is much related to the time-domain granularity for the two hopping-based methods.
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