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Background
In RAN#94e, the working item to enhance both downlink and uplink MIMO operations in Rel-18 was agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· enhancement 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
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints the 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle Industrial devices
Potential enhancements for 8Tx SRS
In up to RAN1#112bis-e meeting, the following agreements were made in AI 9.1.3.2 for SRS enhancement [2].
	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 configured with comb  and with maximum  cyclic shifts per comb offset, the number of comb offset(s) and the cyclic shift locations are determined based on the one RRC configured cyclic shift location  as follows:
· If , then 1 comb offset is used, otherwise 2 comb offsets are used. 
· The 8 cyclic shift locations for the 8 ports are {) mod ) mod , reusing the existing equation  in 38.211 6.4.1.4.2.

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 [image: ]=4, [image: ]. For comb [image: ]=8, [image: ]. For port [image: ], [image: ].
· 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 [image: ]=4, [image: ]. For comb [image: ]=8, [image: ].  Example: For port [image: ], [image: ]. FFS equation details.
· FFS: potential impact on PAPR, if any.






1.1. Mapping of 8 SRS ports onto one OFDM symbol
For an 8-port SRS resource in one OFDM symbol, legacy mechanisms (i.e., FDM + Cyclic shift) can be reused as the following agreements:
	
	Comb 2
Max cyclic shift: 8
	Comb 4
Max cyclic shift: 12
	Comb 8
Max cyclic shift: 6

	1 comb offset
	8 cyclic shift values, if ()
	
	

	2 comb offsets
	8 cyclic shift values, otherwise
	4 cyclic shift values
	

	4 comb offsets
	
	
	2 cyclic shift values



Cyclic shift 
For the current spec, one cyclic shift value for one or multiple SRS ports is determined and SRS ports with having different cyclic shift values are multiplexed.
For comb 2, it was agreed that the legacy cyclic shift value determination is reused as below:
Agreement: 

For comb 4, there are two alternatives the legacy cyclic shift value determination can be reused as below:
Option 1: , or
Option 2: .
In Option 2, PAPR can be reduced because SRS ports 1000, 1001, 1002, and 1003 have different cyclic shift values. However, since TDM-based SRS port mapping can reduce PAPR, we support Option 1 for non-TDM-based SRS port mapping.
Proposal 1: For mapping of 8 SRS ports onto one OFDM symbol, the cyclic shift value  for comb 4 should be calculated as the following:
· Option 1: 

Likewise, for comb 8, we think PAPR reduction is not needed for non-TDM-based SRS port mapping. Furthermore, since the maximum cyclic shift is 6 and it cannot be divided into 4, the enhancement on the cyclic shift value  determination for comb 8 is needed. The cyclic shift value  for each antenna port  can be calculated as the following:

Proposal 2: For mapping of 8 SRS ports onto one OFDM symbol, the cyclic shift value  for comb 8 should be calculated as the following:
· Option 1: 

FDM
	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 >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.




For cyclic shift determination, some subsets of SRS ports have the same cyclic shift value. For this reason, the SRS ports within each subset need to have different comb offset values to multiplex on the frequency domain. For this reason, it was agreed to support 2 or 4 comb offset values for SRS ports that have the same cyclic shift value. Furthermore, we prefer to reuse the legacy principle. Therefore, we propose the following determinations of comb offset values:
Proposal 3: For mapping of 8 SRS ports onto one OFDM symbol, the comb offset values should be calculated as the following:
· Comb 2 ():
· 
· Comb 2 () and 4:
· 
· Comb 8:
· 

1.2. Mapping of 8 SRS ports onto multiple OFDM symbol
	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, the s subsets of ports are mapped cyclically as {{1, 2, …, s}, …, {1, 2, …, s}} on the m OFDM symbols.

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, 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}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
· Note: applicable to the SRS resource with or without FH/RPFS.
· FFS the scenario where comb offset hopping is configured for the SRS resource.

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.

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. 





TDM factor
Although it was agreed that 8 SRS ports are mapped onto s OFDM symbols (TDM factor s), s is FFS point. In terms of the cyclic shift determination, even when s is 2, 4, or 8, the determination of cyclic shift  for 4, 2, or 1 SRS port(s) can be reused, respectively. Namely, that has low spec impact. Furthermore, the distance between antenna port groups does not depend on wavelength according to AI9.1.4.2, and interference between antenna port groups is potentially large. Therefore, s = 4 is reasonable to TDM with different antenna port groups.
Proposal 4: For mapping of 8 SRS ports onto s OFDM symbols, we support additional TDM factor s = 4, and s = 8 is also acceptable.
Furthermore, if repetition factor R is configured, there are two interpretations of association between TDM factor s and repetition factor R as the following:
· Interpretation 1: R is a multiple of s. The group of {1,2,…,s} is repeated R/s times in the slot.
· Interpretation 2: The group of {1,2,…,s} is repeated R times in the slot.
Out interpretation is Interpretation 2. For Interpretation 1, it is confusing that repetition number is R/s even if repetition factor is R.
Proposal 5: For mapping of 8 SRS ports onto s OFDM symbols, the group of {1,2,…,s} should be repeated R times in the slot (Interpretation 2).
TDM power control
For channel sounding, the CSI averaged across s OFDM symbols is calculated at the gNB side. For this reason, frequency hopping (e.g., partial frequency hopping), power control, and change of UL Tx spatial filter for SRS should be stopped during s OFDM symbols to achieve accurate channel sounding. In other words, the UE should keep power consistency and phase continuity during s OFDM symbols.
Proposal 6: For mapping of 8 SRS ports onto s OFDM symbols, the UE should keep power consistency and phase continuity during s OFDM symbols.
First, the UE needs to split a linear value   of SRS transmission power  equally across the SRS ports (i.e., ) configured on each OFDM symbol to estimate the combined channel for all SRS ports. However, if the maximum output  is determined for all  SRS ports,  cannot be potentially achieved by using  SRS ports because the maximum output and/or number of power amplifiers are not enough. Therefore,  should be determined by considering  SRS ports.
Proposal 7: For mapping of 8 SRS ports onto s OFDM symbols, the UE should determine  by considering  SRS ports.
Furthermore, to estimate the combined channel for all SRS ports, the same  needs to be kept during s OFDM symbols. However, if the UE has unbalanced PA (e.g., 20+20+14+14+14+14+14+14 dBm),  is different for each subset of  SRS ports. Therefore, to keep the same power, the minimum  among  subsets of  SRS ports should be used.
Proposal 8: For mapping of 8 SRS ports onto s OFDM symbols, the minimum  among  subsets of  SRS ports should be used.

Dropping
If the SRS resource is overlapped with other channels, partial dropping is supported in Rel-17. However, for TDM-based SRS port mapping, a channel for 8 SRS ports is estimated by using s OFDM symbols. Therefore, we support that the UE drops the overlapped SRS transmission for each set of s OFDM symbols. Besides, the channel priority of Rel-17 can be reused for SRS overlapping.
Proposal 9: For mapping of 8 SRS ports onto s OFDM symbols, the UE should drop the overlapped SRS transmission for each set of s OFDM symbols.
SRS capacity enhancement and/or interference randomization for SRS targeting TDD CJT
For up to RAN1#112bis-e meeting, the following conclusions were made in AI 9.1.3.2 for SRS enhancement [2].
	Conclusion
No consensus on enhanced per-TRP power control and/or power control of one SRS towards to multiple TRPs in Rel-18.

Conclusion
No consensus to support SRS TD OCC for TDD CJT SRS enhancement in Rel-18.

Conclusion
No consensus to support the following for TDD CJT SRS enhancement in Rel-18:
· Further enhancements to frequency hopping 
· Sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· Precoded SRS for DL CSI acquisition
· Pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
· Configuration of v (sequence index within a group) per SRS resource
· Multiplying mask sequence to the legacy SRS sequence




By considering time units for Rel-18, we don’t support additional interference randomization scheme for TDD CJT SRS enhancements in Rel-18.
Proposal 10: We don’t support additional interference randomization schemes for TDD CJT SRS enhancements in Rel-18.

1.3. Cyclic shift hopping and comb offset hopping
	Agreement
For a SRS resource configured with comb offset hopping and/or cyclic shift hopping, 
· If the repetition factor R = 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· If the repetition factor R > 1, 
· For cyclic shift hopping, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· For comb offset hopping, within a slot, the time-domain hopping behavior depends on one of the following alternatives:
· Alt1: The OFDM symbol index  of the first symbol across the R repetitions.
· Alt2: The OFDM symbol index  of each symbol.
· Alt3: The OFDM symbol index  of each symbol or the first symbol across the R repetitions based on configuration, and FFS configuration details.

Agreement
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.

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023

Agreement
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.

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.
· 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.

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




Combined hopping
For Rel-18, supporting cyclic shift hopping and comb offset hopping was agreed. Additionally, group/sequence hopping is supported in Rel-17. In the rest meeting, whether these hopping schemes are combined and independently performed needs to be discussed. As below, combined group/sequence hopping and comb offset hopping was agreed depending on UE feature/capability design.
· Agreement: Group/sequence hopping + comb offset hopping
· FFS: Group/sequence hopping + cyclic shift hopping
· FFS: Comb offset hopping + cyclic shift hopping
In our view, since there is no additional spec impact other than UE capability and we think no restriction is needed, we can support that group/sequence hopping, comb offset hopping, and cyclic shift hopping are independently performed for a SRS resource at a time, depending on UE capabilities.
Proposal 11: We can support that group/sequence hopping, comb offset hopping, and cyclic shift hopping are independently performed for a SRS resource at a time, depending on UE capabilities.

Details on cyclic shift and/or comb offset hopping
Hopping granularity
For hopping time-granularity for intra-slot hopping, the following agreements were made:
· Comb offset hopping
· If R = 1,
· Hopping granularity in time domain is 1 OFDM symbol.
· If R > 1,
· If a RRC parameter is enabled,
· Hopping granularity in time domain is R OFDM symbols.
· If the RRC parameter is disabled,
· Hopping granularity in time domain is 1 OFDM symbol.
· Cyclic shift hopping
· Regardless of R,
· Hopping granularity in time domain is 1 OFDM symbol.
For comb offset hopping, legacy FDM with other UEs during R symbols is needed in addition to interference randomization by hopping at every R symbols. Therefore, if the UE indicates to support one option for hopping granularity, hopping granularity in time domain should be R OFDM symbols.
Proposal 12: For comb offset hopping, if the UE indicates to support one option for hopping granularity, hopping granularity in time domain should be adjacent R OFDM symbols.
Hopping pattern
For cyclic shift hopping, if  is OFDM symbol index for SRS transmission, cyclic shift value is hopped at every  symbol. For this, for cyclic shift hopping, hopping value  can be substituted into  as the following:

Hopping value  (i.e., hopping pattern) can be from 0 to  and is determined based on pseudo-random sequence . Therefore, hopping value  can be calculated as:

Furthermore, initialization value  for pseudo-random sequence  is determined by new ID . 
In our view, reinitialization at the beginning of every radio frame is enough and adding SFN to  has no large benefit. At least for group hopping, although number of sequence groups is larger than , the hopping is reinitiated at every radio frame. Likewise, cyclic shift hopping and/or comb offset hopping, we support reinitialization at the beginning of every radio frame.
Proposal 13: For SRS comb offset hopping and/or cyclic shift hopping, we support reinitialization at the beginning of every radio frame.
In our view,  is the same as . However, some companies proposed subset for hopping (i.e., ). For this, restriction of cyclic shift values is introduced, rest of cyclic shift values can be used for multiplexing with other UEs to mitigate interference. However, if a subset of cyclic shift values can be configured for each TRP, there is no interference between TRPs and cyclic shift hopping within the subset is not also needed. In our view, the cyclic shift hopping is used in a case that cyclic shift values are shared among multiple TRPs. Therefore, for cyclic shift hopping and comb offset hopping, we don’t support to introduce a subset of cyclic shift values and comb offset values for each TRP, respectively. That is, cyclic shift values should be determined as .
Proposal 14: For SRS comb offset hopping and cyclic shift hopping, we don’t support to introduce a subset of cyclic shift values and comb offset values for each TRP.
Furthermore, some companies proposed finer cyclic shift granularity (i.e., ), where  is scaling factor for cyclic shift. For this, cyclic shift values are increased, and it can be avoided that UEs have the same cyclic shift value. However,  implies that the maximum number of cyclic shift values, and no further discussion of increasing the maximum number of cyclic shifts was agreed as conclusion. Therefore, we currently prefer to not support finer cyclic shift granularity. If finer cyclic shift granularity is not related to increasing maximum number of cyclic shift, and details on  values and determination of cyclic shift value with scaling factor  are clear by companies, we may support that.
Proposal 15: For SRS cyclic shift hopping, we don’t support finer cyclic shift granularity.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: For mapping of 8 SRS ports onto one OFDM symbol, the cyclic shift value  for comb 4 should be calculated as the following:
· Option 1: 
Proposal 2: For mapping of 8 SRS ports onto one OFDM symbol, the cyclic shift value  for comb 8 should be calculated as the following:
· Option 1: 
Proposal 3: For mapping of 8 SRS ports onto one OFDM symbol, the comb offset values should be calculated as the following:
· Comb 2 ():
· 
· Comb 2 () and 4:
· 
· Comb 8:
· 
Proposal 4: For mapping of 8 SRS ports onto s OFDM symbols, we support additional TDM factor s = 4, and s = 8 is also acceptable.
Proposal 5: For mapping of 8 SRS ports onto s OFDM symbols, the group of {1,2,…,s} should be repeated R times in the slot (Interpretation 2).
Proposal 6: For mapping of 8 SRS ports onto s OFDM symbols, the UE should keep power consistency and phase continuity during s OFDM symbols.
Proposal 7: For mapping of 8 SRS ports onto s OFDM symbols, the UE should determine  by considering  SRS ports.
Proposal 8: For mapping of 8 SRS ports onto s OFDM symbols, the minimum  among  subsets of  SRS ports should be used.
Proposal 9: For mapping of 8 SRS ports onto s OFDM symbols, the UE should drop the overlapped SRS transmission for each set of s OFDM symbols.
Proposal 10: We don’t support additional interference randomization schemes for TDD CJT SRS enhancements in Rel-18.
Proposal 11: We can support that group/sequence hopping, comb offset hopping, and cyclic shift hopping are independently performed for a SRS resource at a time, depending on UE capabilities.
Proposal 12: For comb offset hopping, if the UE indicates to support one option for hopping granularity, hopping granularity in time domain should be adjacent R OFDM symbols.
Proposal 13: For SRS comb offset hopping and/or cyclic shift hopping, we support reinitialization at the beginning of every radio frame.
Proposal 14: For SRS comb offset hopping and cyclic shift hopping, we don’t support to introduce a subset of cyclic shift values and comb offset values for each TRP.
Proposal 15: For SRS cyclic shift hopping, we don’t support finer cyclic shift granularity.
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