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Introduction
In RAN1#112 meeting, Rel-18 SRS enhancement was discussed with the following agreements:
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

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 

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’, when the 8 ports are mapped onto one or more OFDM symbols using legacy non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.

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.

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

In this contribution, we will discuss the potential solutions for SRS enhancement in Rel-18.
Discussion
1.1. SRS enhancement for coherent JT
It was agreed to support both cyclic shifting hopping and comb offset hopping in the past meeting. The details for these two types of hopping were also discussed. Both schemes are beneficial for interference randomization of inter-TRP SRS transmission. However, the benefits of the other scheme would be very small if one scheme has been supported since most interference can already be restricted by the scheme. By now no evaluation result can show the gain of CS hopping in case that comb offset hopping has already been applied or vice versa. Hence, we propose not to introduce combination of the two schemes. Combined scheme would also introduce additional scheduling complexity at gNB to avoid potential collision. Considering different UEs may support different hopping schemes, cyclic shift hopping and comb offset hopping should be reported via separate UE capability. And a SRS resource can be configured with only one of the two schemes at a time, but not both.
Proposal 1: Support of cyclic shift hopping and comb offset hopping are reported via separate UE capability. 
Proposal 2: Combined cyclic shift hopping and comb offset hopping for a UE is not supported. 
· A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time.
1.2. 8 ports SRS transmission
For 8 ports SRS transmission, it was agreed that 8 SRS ports could be mapped onto multiple OFDM symbols, e.g. 4 ports per symbol for two symbols or 2 ports per symbol for four symbols. Below we discuss some of the aspects to support TDMed 8 ports transmission. 
· For the values of symbol number s for a SRS resource, the benefits of s larger than 2 is unclear considering the SRS latency and potential channel variation among symbols. 
· For configuration of symbol number (s=1 or s>1), both explicit and implicit method can be considered. For explicit method, RRC signaling can be used to configure the value of s. For implicit method, similar to the method to determine comb number for 4 ports SRS, cyclic shift value or comb offset value can be used to determine the symbol number without additional overhead. 
· The s OFDM symbols for 8 ports SRS should be consecutive to ensure that combination of the channel derived from ports in different symbols is still accurate, and also ensure the CSI latency. 
· If repetition and/or frequency hopping is configured for a resource with TDMed ports, the basic unit for repetition/hopping should be s OFDM symbols, e.g. cyclic mapping. That is, each of the repetition/hop should occupy s consecutive OFDM symbols for 8 ports SRS. Sequential hopping would suffer from channel variation among ports in different symbols for one repetition/hop and latency to drive complete CSI based on a SRS resource. 
· For full coherent and non-coherent UEs, the allocation of SRS ports to different symbols would not impact the uplink transmission performance. However, for partial coherent UE, it is possible that only one antenna port group is indicated for uplink transmission, and each layer would only be transmitted from one antenna port group. In this case, at least when m is not larger than Ng, the antenna ports within one antenna port group should be mapped to the same OFDM symbol, and different antenna port groups can be mapped to different OFDM symbol. This can avoid the CSI inaccuracy due to channel time variation among ports in the same antenna port group. For example, two antenna port groups {0,1,4,5} and {2,3,6,7} can be mapped onto two different symbols. Whether the case that m is larger than Ng is supported for partial coherent UEs can be further discussed.
· For accurate CSI measurement, it is natural that the same PRB allocation, transmit power and beam should be used for SRS ports in different OFDM symbols.
· For determination of cyclic shifts for ports in each OFDM symbol, the baseline is to reuse current mechanism in each OFDM symbol, or reuse the mechanism for single symbol 8 ports transmission. However, the latter method may weaken the orthogonality among ports within one OFDM symbol since only few ports would be transmitted in one symbol. It is proposed to reuse current mechanism to determine cyclic shifts for each symbol based on the number of SRS ports in each symbol. 
· When only parts of the m symbols are available for uplink, or when part of the m SRS symbols are dropped, only CSI from part of SRS ports is available for gNB. At least for full-coherent codebook, the remaining CSI is meaningless and the whole SRS can be dropped. For partial coherent codebook and non-coherent codebook, it is possible that the remaining CSI is still available.
Proposal 3: For 8-port SRS transmission, when different SRS ports are mapped onto different OFDM symbols, support the following SRS design:
· Support s=2 only.
· The value of s can be explicitly configured by RRC or implicitly determined by cyclic shift value or comb offset value.
· The s OFDM symbols for a resource are consecutive.
· If repetition and/or frequency hopping is configured, the basic unit is s OFDM symbols, e.g. cyclical mapping (option 2-1) is applied.
· For partial coherent UE with s not larger than Ng, one antenna port group is mapped to the same OFDM symbol, and different antenna port groups can be mapped to different OFDM symbols.
· The same transmit power and beam for SRS ports in different OFDM symbols.
· When only parts of the s symbols are available for uplink or part of the s SRS symbols are dropped, the whole SRS resource is dropped at least for full-coherent codebook.
The uplink power control would also be impacted by 8 ports SRS mapped onto multiple OFDM symbols. Firstly, the restriction to SRS transmit power can be relaxed since the maximal transmitted power is restricted per symbol. Otherwise, it is meaningless to support TDMed SRS multiplexing. There can be two methods to derive the power gain from TDMed SRS transmission:
· 	Opt.1: UE calculates the SRS transmit power based on legacy formula, and the calculated power is scaled to the SRS ports within each OFDM symbol instead of all the SRS ports. For example, for s=2, the calculated SRS transmit power is only scaled by 4 SRS ports (the other 4 SRS ports use the same transmit power). By this way, the transmit power in each port is doubled compared to legacy power scaling. 
· Opt.2: The calculated SRS transmit power is scaled to all the SRS ports as legacy, with the maximal transmit power multiplied by s for the calculation. That is, the value of Pc,max is multiplied by s in the power control formula, and legacy power scaling is reused based on the output of the formula. With Opt.2, only maximal transmit power is impacted by TDMed SRS.
Another issue is maximal transmit power for each antenna port. When 8 ports SRS is transmitted in single symbol, the actual transmit power scaled to each SRS port would not exceed the maximal transmit power of each port, since the maximal transmit power in the symbol is restricted by the maximal transmit power of each port. However, when 8 ports SRS is transmitted in multiple symbols, based on the above power scaling mechanism, it is possible that the calculated power for each SRS port would exceed the maximal power of some of the ports. We provide two examples based on the possible PA power discussed in full power transmission topic. 
· Example 1: A UE with PA architectures of P1=P2= …=P6=14dBm, P7=P8=20dBm and maximal transmit power of 23dBm. When the 8 ports are allocated in the same symbol, the transmit power per port would not exceed 14dBm. When the 8 ports are allocated in two symbols (e.g. port 0-3 in the first symbol and port 4-7 in the second symbol), 23dBm can be achieved in the second symbol but cannot in the first symbol. If the SRS power control is based on maximal 23 dBm per symbol, the calculated power may exceed the supported power in some of the ports. 
· Example 2: A UE with PA architectures of P1=P2= …=P8=14dBm and maximal transmit power of 23dBm. When the 8 ports are allocated in the same symbol, the transmit power per port would not exceed 14dBm. When the 8 ports are allocated in two symbols, if the maximal transmit power is still 23dBm for each symbol, the power cannot be achieved since UE can only transmit SRS with 20dBm in each symbol.
When the maximal transmit power of different antenna ports is different, the bottleneck of the transmit power is the antenna port with minimal value of maximal transmit power. In this case, the transmit power of each SRS port should be derived based on minimal value of maximal transmit power of each antenna port to ensure the same power for different ports. 
Proposal 4: For 8-port SRS transmission, when different SRS ports are mapped onto different OFDM symbols, support the following for SRS power control:
· To derive the power gain from TDMed SRS ports multiplexing, two options can be considered:
· Opt.1: The SRS transmit power calculated based on legacy formula is scaled to the SRS ports within each OFDM symbol instead of all the SRS ports.
· Opt.2: The calculated SRS transmit power is scaled to all the SRS ports as legacy, with the maximal transmit power multiplied by s for the calculation.
· If the maximal transmit power is different among antenna ports, the transmit power of each SRS port should consider the antenna port with minimal value of maximal transmit power. 
Conclusion
In this contribution, we discuss the potential SRS enhancement in Rel-18 with the following proposals:
[bookmark: _GoBack]Proposal 1: Support of cyclic shift hopping and comb offset hopping are reported via separate UE capability. 
Proposal 2: Combined cyclic shift hopping and comb offset hopping for a UE is not supported. 
· A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time.
Proposal 3: For 8 ports SRS transmission, when different SRS ports are mapped onto different OFDM symbols, support the following SRS design:
· Support s=2 only.
· The value of s can be explicitly configured by RRC or implicitly determined by cyclic shift value or comb offset value.
· The s OFDM symbols for a resource are consecutive.
· If repetition and/or frequency hopping is configured, the basic unit is s OFDM symbols, e.g. cyclical mapping (option 2-1) is applied.
· For partial coherent UE with s not larger than Ng, one antenna port group is mapped to the same OFDM symbol, and different antenna port groups can be mapped to different OFDM symbol.
· The same transmit power and beam for SRS ports in different OFDM symbols.
· When only parts of the s symbols are available for uplink or part of the s SRS symbols are dropped, the whole SRS resource is dropped at least for full-coherent codebook.
Proposal 4: For 8 ports SRS transmission, when different SRS ports are mapped onto different OFDM symbols, support the following for SRS power control:
· To derive the power gain from TDMed SRS ports multiplexing, two options can be considered:
· Opt.1: The SRS transmit power calculated based on legacy formula is scaled to the SRS ports within each OFDM symbol instead of all the SRS ports.
· Opt.2: The calculated SRS transmit power is scaled to all the SRS ports as legacy, with the maximal transmit power multiplied by s for the calculation.
· If the maximal transmit power is different among antenna ports, the transmit power of each SRS port should consider the antenna port with minimal value of maximal transmit power. 
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