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In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is SRS enhancement, which is involved into two sub objectives as listed 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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, the design aspects on the following two topics are discussed. 
· SRS enhancement for TDD CJT
· SRS enhancement for 8 Tx UL transmission
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In this contribution, we discuss the remaining details of SRS enhancements for TDD CJT. 
The following were agreed in RAN1 #112-bis-e:
 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.

Regarding combination of comb offset hopping and cyclic shift hopping, we do not see meaningful use case to combine these two given the purpose of these hopping schemes are different. However, there may be some benefit for enabling legacy sequence/group hopping and cyclic shift hopping at the same time as both aim at randomization in the code domain. Specifically, we have shown in our Tdoc in RAN1 #112 (R1-2301399) that the gain of cyclic shift hopping is sensitive to the choice of two SRS sequences (the choice of u1 and u2). When both SRS sequence and cyclic shift are randomized, this sensitivity is averaged out and can be beneficial to the system performance. Furthermore, additional spec impact for this combination is not needed. 
Furthermore, it is already agreed that SRS comb offset hopping can be combined with one of group / sequence hopping. We think the benefit of SRS cyclic shift hopping can be combined with one of group / sequence hopping is even more justified based on the above discussions. Hence, we propose:   
Proposal 1: For SRS interference randomization:
· Do not support combined cyclic shift hopping and comb offset hopping for a UE (only one of these two can be configured to the UE by RRC).
· Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.

Also, it should be clarified whether these two hopping schemes are applicable to all SRS usage or only applicable to “antennaSwitching”. Even though the motivation for this sub-agenda is for DL CSI acquisition for CJT, we do not see a reason to artificially have a restriction in the specifications that these schemes are not applicable to other usage especially given the fact that the interference randomization achieved by comb offset hopping or cyclic shift hopping can benefit other usage such as codebook, nonCodebook, or beamManagement as well.
Proposal 2: Rel-18 comb offset hopping and cyclic shift hopping are applicable to all SRS usage including beamManagement, codebook, nonCodebook, antennaSwitching.
Furthermore, it should be clarified that these two schemes are applicable to all time domain behaviours for SRS: P/SP/AP-SRS. As we discussed above, Option 3 for the unit of hopping is not preferred due to less randomization. Hence, hopping can be done within one SRS resource (in Option 1or Option 2). Therefore, the schemes are applicable also to AP-SRS. 
Proposal 3: Rel-18 comb offset hopping and cyclic shift hopping are applicable to all P/SP/AP-SRS.
Regarding reinitialization, the following was agreed in RAN1 #112-bis-e:
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.

The value of N can be simply RRC-configured to the UE, and network can ensure the same value is configured to multiple UEs if needed. It is worth to note that in some cases network may not need to configure the same N, e.g., if the SRS periodicities are different and they do not collide in time and frequency. Furthermore, reinitialization should be at the start of each SFN satisfying mod(SFN,N)=0, and N should be a power of 2 to ensure that consistency. For the range of N, {1,2,4,8,16,32}should be enough (as 32 corresponds to reinitialization every 320ms, which is long enough).  
Proposal 4: For reinitialization comb offset hopping / cyclic shift hopping, the value of N is RRC configured and can take value from {1,2,4,8,16,32}. Reinitialization occurs at the start of each SFN satisfying mod(SFN,N)=0.
Regarding the exact hopping formula, we suggest reusing similar formula as group hopping. For example,  can be used where, , and
· For cyclic shift hopping, , and  is the OFDM symbol index of SRS within the slot.
· For comb offset hopping, , and  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.

Proposal 5: For the hopping formula in cyclic shift hopping or comb offset hopping, use: , where , and
· For cyclic shift hopping, , and  is the OFDM symbol index of SRS within the slot.
· For comb offset hopping, , and  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.
SRS enhancement for 8 Tx UL transmission
Supporting 8 Tx PUSCH transmission is included in the WID of Rel-18 MIMO [2]. To support 8 Tx PUSCH, apparently, SRS enhancement is needed to allow UE to sound 8 SRS ports. 
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For SRS enhancement for codebook based PUSCH, there are two potential approaches. 
· Sound 8 SRS ports in one SRS resource.
· Sound 8 SRS ports in multiple SRS resources, each with 2 or 4 SRS ports. 

In the following subsections, the details of the two approaches are studied. 
Sound 8-ports SRS in one SRS resource with TDM
Given there are up to 8 SRS ports in a resource, it is beneficial to allow mapping the 8 SRS ports to more than one OFDM symbols, to allow larger SRS sounding power per port for better sounding quality and minimize leakage between SRS ports due to channel delay spread or Doppler. Given 8 SRS ports, it is natural to map them to {1,2,4} OFDM symbols, as shown in Fig 1. Mapping to 3 OFDM symbol would create unequal split of SRS ports among symbols, which unnecessarily complicates specification without out much benefit. 
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[bookmark: _Ref115291298]Fig 1: An example to map 8 SRS ports to 2 and 4 OFDM symbols.
In RAN1 #112, the following agreement is made, which adopted the TDM based mapping and guaranteed that the m OFDM symbols are adjacent to each other and belong to a same slot. 
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 ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.








However, there are a few open issues that RAN1 need to resolve for 8-ports SRS enhancements introduced by the above agreements. In the following, the open issues are addressed one by one. 
Port index and CS determination for each OFDM symbol
The first open issue is the mapping from SRS ports to CS index. When 8-port SRS is mapped to multiple OFDM symbols, the equation to map SRS port index i to CS index need to be modified. The modification is very simple. We just need to map the “global” SRS port index 0,1,…,7 to “local” SRS port index on each OFDM symbol. Then we can reuse the legacy equation to map local SRS port index to CS index. In other words, if 8-port SRS is mapped to L OFDM symbols (without SRS repetition) where L=1,2,4, we denote the number of local SRS ports per OFDM symbol as =  where   is the total number of global SRS ports. For a global SRS port , it can be mapped to a local SRS port index . Then we can leverage from the legacy SRS port to CS mapping equation with minor updates as follows. 

Proposal 6: The CS index for an SRS port  is given by the following equation.

where , = ,   is the total number of SRS ports, and s is the TDM factor for SRS.
Power control for mapping 8-ports SRS to multiple OFDM symbols
The second issue is power control enhancement for mapping 8-ports SRS to m OFDM symbols. In current TS 38.123 specification, SRS total power is equally split across configured 8 SRS ports, although they are transmitted on m>1 OFDM symbols with TDM factor s. For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS.

To harvest to power boost gain with TDMed SRS, the following proposal is made. 
Proposal 7: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, Split the power of total SRS power (calculated by SRS power control equation) by the number of SRS ports which are (actually) transmitted simultaneously in one OFDM symbol.
The above proposal looks like a very straightforward proposal. However, depends on UE’s PA structure, it could lead to potential issue on SRS maximum transmission power less than PUSCH max transmission power. For example, as illustrated by Fig 2, for a UE with 8 of 14dBm PAs, PUSCH max power can still reach 23dBm if all 8 ports are transmitted, e.g., with rank 8. However, SRS max power can only be 17dBm per OFDM symbol, if UE sound 8-ports SRS in 4 OFDM symbols. On other hand, if UE is with 8 of 20dBm PAs, SRS max power can also reach 23dBm per OFDM symbol. It is obvious that the value of SRS max power depends on UE’s PA capability. To allow flexible UE implementation and avoid SRS max power bounded by the least capable PA, it is proposed to introduce a new max power for SRS, i.e.,  in power control equation, as follows. UE is allowed to set  lower than . It can be further discussed that how UE inform  to base station. UE can either include  in power headroom report, or report a difference between  and  in UE capability report. 
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[bookmark: _Ref131444400]Fig 2: An example of SRS max power being smaller than PUSCH max power.
With the above analysis, the following proposal is made. 
Proposal 8: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, introduce  and modify SRS power control equation as the following. 

· FFS: whether include  in power headroom report, or report a difference between  and  in UE capability report. 

Besides the above, a more general scenario we can consider for SRS power control is that the PA capabilities for different ports being difference, as illustrated in Fig 3. For this general scenario, the question we need to answer is whether allow different max SRS power on different OFDM symbol. On one hand, allowing different power across OFDM symbols could fully harvest the UE’s PA capability. On the other hand, allowing different power on different OFDM symbol could break the DL-UL reciprocity, as this power difference does not exist on DL, which would impact SRS for antenna switching. Also, allowing different power on different OFDM symbol might impact coherence between different SRS ports, which needs careful study with RAN4 input. Due to these complications, we prefer equal power across the multiple SRS OFDM symbols as a baseline. We are also open to study whether allowing different power across the multiple OFDM symbols for different SRS usages. 
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[bookmark: _Ref131446292]Fig 3: An example of difference PA capabilities on different SRS ports.
With the above analysis, the following proposal is made. 
Proposal 9: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, a same power is applied on the m OFDM symbols as baseline. FFS whether different power can be applied across OFDM symbols. 
SRS frequency hopping for mapping 8-ports SRS to multiple OFDM symbols
SRS frequency hopping is a legacy feature since LTE. In TS38.214, the procedure of SRS frequency hopping is as below. 

If , frequency hopping is enabled and the frequency position indices  are defined by

where  is given by Table 6.4.1.4.3-1,






and where  regardless of the value of . The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is the repetition factor given by the field repetitionFactor contained in the higher-layer parameter resourceMapping.
For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, the SRS counter is given by






[bookmark: _Hlk500773276]for slots that satisfy . The periodicity  in slots and slot offset  are given in clause 6.4.1.4.4.




In the above equation, the frequency location for each counter of SRS transmission (denoted as ) is essentially given the equation of , which can nicely hop over the whole SRS sounding bandwidth with a subband granularity controlled by . One should notice that with SRS repetition factor R, R SRS OFDM symbols are counted as one SRS transmission, which is captured by the  operation. 
Within the feature of sounding 8-ports SRS via TDM factor s, to reuse the carefully designed equation  since LTE, it is straightforward to count s OFDM symbol as one SRS transmission such that all the 8-ports hopping together, in other words, we can count s OFDM symbol as a ”super OFDM symbol” as illustrated in Fig 5. In case of SRS is with repetition factor R, we should count R ”super OFDM symbol”, i.e., s*R OFDM symbols, as one SRS transmission, as illustrated in Fig 6.  
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Fig 4: An example of intra-slot SRS hopping with TDM factor s=2 and without SRS repetition
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Fig 5: An example of inter-slot SRS hopping with TDM factor s=2 and repetition factor R=2
With the above analysis, the following proposal is made. 

Proposal 10: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, reuse the SRS frequency hopping location equation  as in TS 38.214. Redefine as the following. 
· 
For Aperiodic SRS,  within the slot in which the  symbol SRS resource is transmitted.
· For periodic and semi-persistent SRS, 
SRS sequence generation and hopping for mapping 8-ports SRS to multiple OFDM symbols
In Rel-15, when SRS sequence hopping and group hopping is enabled, SRS sequences hop on per OFDM symbol basis, i.e., different SRS OFDM symbol would use a different SRS sequence. The sequence hopping and group hopping equations are given as below.-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.


With TDM based SRS sounding, there are two options that can be applied to SRS sequence/group hopping. 
· Option 1: Sequence/group hopping on per s OFDM symbol basis where s is the TDM factor. 
· Option 2: Sequence/group hopping on per OFDM symbol basis. 
Either option would work. Option 1 is more aligned with principle for SRS frequency hopping. While option 2 can randomize interference between inter-cell SRS. Furthermore, option 2 is more aligned with per OFDM symbol SRS sequence/group hopping in current spec in case of SRS repetition is configured. Therefore, between the options, option 2 is more preferred.     
Proposal 11: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, support sequence/group hopping on per OFDM symbol basis. 
SRS dropping on a subset of multiple OFDM symbols
The sixth open issue is how to associate PUSCH with the multiple SRS OFDM symbols, in case (partial) SRS dropping occurs due to colliding with other UL transmission. In current specification, PUSCH is associated with the most recent (in the past) transmission of the SRS resource indicated by SRI, as illustrated in the following Fig 6. In case the most recent SRS is dropped due to colliding with higher priority UL transmission, the PUSCH is associated with a previous transmission of SRS, as shown in Fig 7. 
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[bookmark: _Ref127267115]Fig 6: Example of SRS-PUSCH association 
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[bookmark: _Ref127288999]Fig 7: Example of SRS-PUSCH association with SRS dropping
Now, with the feature that one 8-port SRS resource/transmission can map to >1 OFDM symbols, the issue is that, in case only a part of OFDM symbols of the SRS transmission is dropped, should we treat the remaining SRS OFDM symbols as dropped or not dropped, in terms of SRS to PUSCH association? As shown in the following example in Fig 8, do we consider port 0-3 in slot n-2 are also dropped (partial drop is treated as full drop), or we consider they are not dropped, and combine with port 4-7 in slot n-4 and associate the combine SRS transmission with the PUSCH (partial drop is treated as partial drop)?
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[bookmark: _Ref127289836]Fig 8: Example of partial SRS dropping impact to SRS-PUSCH association
Apparently, there are two options to solve this open issue. 
· Option 1: always treat partial SRS dropping as full SRS dropping.
· Option 2: treat partial SRS dropping as either partial dropping or full dropping, depends on the SRS usage and PUSCH codebook coherency. 
· If the usage of the 8-port SRS is “codebook” and the codebook is fully coherent, treat partial dropping as full dropping. 
· If the usage of the 8-port SRS is “codebook” and the codebook is partial coherent, treat partial dropping as partial dropping (flavor A), which drops all SRS ports that are in the same coherent group. 
· If the usage of the 8-port SRS is “codebook” and the codebook is non-coherent, treat partial dropping as partial dropping (flavor B), which only drops the SRS ports that are physically dropped. 
· If the usage of the 8-port SRS is “antennaSwitching”, treat partial dropping as partial dropping (flavor B), which only drop the SRS ports that are physically dropped.
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Fig 9: illustrate the two flavors of partial SRS dropping and their impact to SRS-PUSCH association
Comparing the two options, option 1 is very simple. While option 2 is more reasonable from technical perspective. We slightly prefer option 2. Therefore, the following proposal is made. 
Proposal 12: When an 8-ports SRS resource is mapped to m (where m>1) OFDM symbols, if a subset (denote as S) of OFDM SRS symbols are dropped, treat the other SRS OFDM symbols as the following. 
· If the usage of the 8-port SRS is “codebook” and the codebook is fully coherent, all the m SRS OFDM symbols are considered as dropped. 
· If the usage of the 8-port SRS is “codebook” and the codebook is partial coherent, only the SRS OFDM symbols whose SRS ports are coherent with the SRS ports in the subset S are considered as dropped, while other SRS OFDM symbols are considered as transmitted. 
· If the usage of the 8-port SRS is “codebook” and the codebook is non-coherent, only the SRS OFDM symbols in the subset S are considered as dropped, while other SRS OFDM symbols are considered as transmitted. 
· If the usage of the 8-port SRS is “antennaSwitching”, only the SRS OFDM symbols in the subset S are considered as dropped, while other SRS OFDM symbols are considered as transmitted.

Sound 8-ports SRS in one SRS resource without TDM
For sounding 8-ports SRS following legacy scheme without TDM, the following agreement was made in RAN1#112bis-e. 
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.

Between the above two options, option 1 is the legacy scheme applied in Rel-15/16/17 for SRS ports to CS indices mapping. The “motivation” to introduce option 2 is solving a “PAPR issue” with option 1, in case of SRS ports are precoded, as shown in following Fig 10. However, for SRS for codebook based PUSCH, the so called PAPR does not exist, because UE does not precode SRS ports. With SRS precoding, two ZC sequence-based waveforms will add up on top of each other, which would cause non ZC sequence waveform transmit on a physical antenna. If a UE does that, it would just intentionally create a PAPR problem which might fail Rel-15 RAN4 SRS test for legacy 2 or 4 Tx SRS. No UE would implement in such way to create a problem for itself. 
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[bookmark: _Ref134478098]Fig 10: SRS for codebook based PUSCH does not perform SRS precoding
With the above analysis, one could safely assume there is no PAPR issue with option 1. Given option 1 is the legacy scheme adopted in Rel-15/16/17, the following proposal is made. 
Proposal 13: For an 8-port SRS resource in an 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, adopt option 1 as the following. 
· 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 , .

[bookmark: _Ref102041627]SRS enhancement for non-codebook based PUSCH with 8 Tx
Regarding SRS enhancement for non-codebook based PUSCH, it is obvious that 8 SRS resources are needed to sound 8 SRS ports for non-codebook based PUSCH, as one SRS resource can only sound one SRS port in this case. The open question is whether the 8 SRS resources should be put into a single or multiple SRS resource sets. 

Similar to the discussion in Section 3.1, it is preferred to support both, i.e., allowing 8 SRS resources in either a single or multiple SRS resource sets. 
 
If 8 SRS ports are sounded via a single SRS resource set, as illustrated in Fig 11. The SRI enhancement is simply expanding the bit width the SRI field in DCI to indicate the total number of combinations of X ports, which is:, where  denotes the number of combinations of choose X ports out of 8 ports. 

[image: Diagram
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[bookmark: _Ref101816902]Fig 11: 8 SRS ports are sounded via a single SRS resource for NCB based PUSCH

If 8 SRS ports are sounded via multiple SRS resource sets, as illustrated in Fig 12. Multiple SRI fields, e.g., 2, might be needed in the DCI scheduling 8 Tx NCB PUSCH. The details of bit-width of SRI field for each SRS resource set can be further studied. 

[image: Diagram, text

Description automatically generated]
[bookmark: _Ref101817161]Fig 12: 8 SRS ports are sounded via two SRS resource sets for NCB based PUSCH 
In RAN1 110bis-e, regarding this open issue, the following is agreed. Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.


Regarding the FFS, given that SRS power control parameters are configured per SRS resource set, it is beneficial to allow multiple SRS resource sets, one for each UL panel, to allow different power for SRS sounding. 

With the above discussion, the following proposal is made for non-codebook based PUSCH with 8 Tx. 

Proposal 14: For SRS configuration for non-codebook UL transmission for an 8TX UE, further support configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
Conclusions
In summary, we have the following proposals for SRS enhancements for Rel-18 MIMO evolution. 
Proposal 1: For SRS interference randomization:
· Do not support combined cyclic shift hopping and comb offset hopping for a UE (only one of these two can be configured to the UE by RRC).
· Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.

Proposal 2: Rel-18 comb offset hopping and cyclic shift hopping are applicable to all SRS usage including beamManagement, codebook, nonCodebook, antennaSwitching.
Proposal 3: Rel-18 comb offset hopping and cyclic shift hopping are applicable to all P/SP/AP-SRS.
Proposal 4: For reinitialization comb offset hopping / cyclic shift hopping, the value of N is RRC configured and can take value from {1,2,4,8,16,32}. Reinitialization occurs at the start of each SFN satisfying mod(SFN,N)=0.
Proposal 5: For the hopping formula in cyclic shift hopping or comb offset hopping, use: , where , and
· For cyclic shift hopping, , and  is the OFDM symbol index of SRS within the slot.
· For comb offset hopping, , and  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.

Proposal 6: The CS index for an SRS port  is given by the following equation.

where , = ,   is the total number of SRS ports, and s is the TDM factor for SRS.
Proposal 7: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, Split the power of total SRS power (calculated by SRS power control equation) by the number of SRS ports which are (actually) transmitted simultaneously in one OFDM symbol.
Proposal 8: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, introduce  and modify SRS power control equation as the following. 

· FFS: whether include  in power headroom report, or report a difference between  and  in UE capability report. 

Proposal 9: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, a same power is applied on the m OFDM symbols as baseline. FFS whether different power can be applied across OFDM symbols. 

Proposal 10: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, reuse the SRS frequency hopping location equation  as in TS 38.214. Redefine as the following. 
· 
For Aperiodic SRS,  within the slot in which the  symbol SRS resource is transmitted.
· For periodic and semi-persistent SRS, 

Proposal 11: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, support sequence/group hopping on per OFDM symbol basis. 
Proposal 12: When an 8-ports SRS resource is mapped to m (where m>1) OFDM symbols, if a subset (denote as S) of OFDM SRS symbols are dropped, treat the other SRS OFDM symbols as the following. 
· If the usage of the 8-port SRS is “codebook” and the codebook is fully coherent, all the m SRS OFDM symbols are considered as dropped. 
· If the usage of the 8-port SRS is “codebook” and the codebook is partial coherent, only the SRS OFDM symbols whose SRS ports are coherent with the SRS ports in the subset S are considered as dropped, while other SRS OFDM symbols are considered as transmitted. 
· If the usage of the 8-port SRS is “codebook” and the codebook is non-coherent, only the SRS OFDM symbols in the subset S are considered as dropped, while other SRS OFDM symbols are considered as transmitted. 
· If the usage of the 8-port SRS is “antennaSwitching”, only the SRS OFDM symbols in the subset S are considered as dropped, while other SRS OFDM symbols are considered as transmitted.

Proposal 13: For an 8-port SRS resource in an 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, adopt option 1 as the following. 
· 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 14: For SRS configuration for non-codebook UL transmission for an 8TX UE, further support configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References
[1] [bookmark: _Ref47616084][bookmark: _Ref32439522]3GPP TSG RAN Meeting #94e, RP-213598 “New WID: MIMO Evolution for Downlink and Uplink”, Samsung, Electronic Meeting, Dec. 6 - 17, 2021.
[2] [bookmark: _Ref101973086]3GPP TSG RAN WG1 #109-e, R1-2205020, “Enhancements for 8 Tx UL transmissions”, Qualcomm, e-Meeting, May 9th – 20th, 2022
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