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Introduction
In this contribution, we will discuss the UE feature for Rel-18 MIMO evolution. 
Discussion
1.1. UE feature for multi-TRP enhancement
2.1.1	UE feature for unified TCI framework extension for multi-TRP
In the achieved progress, the following UE capabilities were discussed and agreed. 
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· RRC configuration on aperiodic CSI-RS for CSI/BM to apply the first or second indicated DL/joint TCI state per CSI-RS resource set or per CSI-RS resource is up to UE capability
The UE capabilities to be discussed can be listed as below. 
· For S-DCI MTRP based PDCCH, support of none or both of indicated DL/joint TCI state(s)
· For S-DCI MTRP based PDSCH, support of both of indicated DL/joint TCI state(s)
· For S-DCI MTRP based PUCCH, support of none or both of indicated UL/joint TCI state(s)
· For S-DCI MTRP based PUSCH, support of both of indicated UL/joint TCI state(s)
· For PDSCH-CJT, the support of PDSCH DMRS QCLed with a) QCL-TypeA b) QCL-TypeB and c) QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} is up to UE capability
· Support of a set of CCs configured for common TCI state ID activation/update including CC(s) operating in STRP and CC(s) operating in S-DCI MTRP (if supported)
· Support of a set of CCs configured for common TCI state ID activation/update including CC(s) operating in STRP and CC(s) operating in M-DCI MTRP (if supported)
· Support of a set of CCs configured for common TCI state ID activation/update including CC(s) operating in M-DCI MTRP and CC(s) operating in S-DCI MTRP (if supported)
· Support of a set of CCs configured for common TCI state ID activation/update including CC(s) operating in STRP, CC(s) operating in M-DCI MTRP and CC(s) operating in S-DCI MTRP (if supported)
· Support of UE determines two UL Tx power values for PUCCH/PUSCH STxMP based on two UE-configured maximum output power (if per panel or per indicated UL/joint TCI states maximum output power is supported)
Proposal 1: The above information can be considered and reported via UE capability (if supported) for Rel-18 unified TCI state extension. 
2.1.2	UE feature for two TAs enhancements
In previous agreement, the following UE capabilities were discussed and agreed. 
· For the case of two DL reference timing, support of Rx timing difference between two DL reference timings can be assumed as larger than a CP length is up to UE capability 
For intra-cell MTRP and inter-cell MTRP, the following UE capabilities should be discussed for two TA enhancement. 
· For both inter-cell and intra-cell MDCI MTRP, support of two TAGs associated with one serving cell
· Support of associated TAG to UL/joint TCI state and spatial relation or CORESETPoolIndex (if supported)
· For inter-cell M-DCI MTRP, support of cross-TRP RACH triggering by PDCCH order
· Support of PRACH configuration per additionalPCI
· Support of overlapped UL transmission in case the UE supports STxMP 
· Support of reducing the overlapped duration in case the UE does not support STxMP
Proposal 2: The above information can be considered and reported via UE capability (if supported) for Rel-18 two TA enhancement. 
1.2. UE feature for CSI enhancement
It was agreed that a set of NL combinations of values for {L1, ..., LNTRP} could be gNB-configured via RRC signaling for SD basis selection, and candidate combinations of {Ln} were also agreed. Based on the agreed combinations, the total number of Ln can be up to 16 for one layer, which is significantly lager than the value with S-TRP. Considering the UE complexity would be increased accordingly, the supported total number of SD basis across all CSI-RS resources should be reported via UE capability, and then gNB can configure a proper combination based on the reporting. 
To support CJT CSI, some fundamental features should also be reported by UE, e.g. the supported number of TRP for CJT, the supported number of total antenna ports for CJT, supported number of CSI-RS ports per TRP, supported rank for CJT transmission. Also, whether to support mode 1 or mode 2 for CJT codebook should be separate UE capability, that is, UE can support either one or both of the modes. The support of some additional functionality should also be reported by UE capability, e.g. support UE selection of N<= NTRP TRPs, or support selection from NL>1 combinations for SD basis. For parameter combination, the values of {pv} not supported in Rel-17 can also be reported by UE. 
Proposal 3: The following information can be reported via UE capability for Rel-18 CJT codebook enhancement: 
· The supported total number of SD basis Ltot across CSI-RS resources for one layer
· The supported number of TRPs for CJT NTRP
· Supported values of 2NN1N2 >32
· Supported number of CSI-RS ports per TRP
· Supported rank for CJT
· Support of mode 1 and/or mode 2 for CJT
· Support UE selection of N<= NTRP TRPs from NTRP TRPs.
· Supported number of NL>1 for SD basis
· Support of  = 1/8 in addition to the legacy values
· Support of pv = 1/8 for v=1,2 (1/16 for v=3,4) and/or pv=1/2 for v=1,2,3,4 in addition to legacy values
Proposal 4: The following information can be reported via UE capability for Rel-18 medium/high mobility codebook enhancement: 
· Support of the values of N4 lager than 1 (e.g. 2,4,8) for Rel-16 etypeII codebook
· Support of the values of K larger than 4 (e.g. 8) 
· Supported value of δ>0 (e.g.,1,2)
· Support of  = 1/8 in addition to the legacy values
· Support of pv = 1/8 for v=1,2 (1/16 for v=3,4) and/or pv=1/2 for v=1,2,3,4 in addition to legacy values
Proposal 5: The following information can be reported via UE capability for Rel-18 TDCP enhancement: 
· Joint use of P and AP-TRS resource sets if agreed
· Support Y=2, 3, 4
1.3. UE feature for reference signal enhancement
2.3.1	UE feature for increased number of orthogonal DMRS ports
Rel-18 DMRS is introduced to support more orthogonal DMRS ports for PUSCH and PDSCH. For PUSCH, at UE side, this feature only impacts the DMRS sequence generation. But for PDSCH reception at UE, the feature not only impacts the DMRS sequence, but also the channel estimation process and interference estimation on DMRS ports. Significant UE complexity would be introduced especially for downlink interference estimation at more DMRS ports not used for target UE. Hence, it is proposed that Rel-18 DMRS enhancements for PDSCH and PUSCH are reported with separate UE capability. 
Proposal 6: Support separate UE capability for Rel-18 DMRS for PDSCH and Rel-18 DMRS for PUSCH.
2.3.2	UE feature for SRS enhancements
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. 
Proposal 7: Support of Cyclic shift hopping and comb offset hopping are reported via separate UE capability. 
Proposal 8: The following information can be reported via UE capability for Rel-18 SRS enhancement: 
· Support of cyclic shift hopping
· Support of comb offset hopping
· Support of comb offset hopping without group/sequence hopping (basic)
· Support of comb offset hopping with sequence hopping (optional)
· Support of comb offset hopping with group hopping (optional)
· Comb offset hopping within R repetitions or not
1.4. UE feature for enhanced uplink transmission
2.4.1	UE feature for UL precoding indication for multi-panel transmission
For single-DCI based STxMP PUSCH transmission, it is agreed that it is optional UE capability to support DMRS table with new entry {0, 2, 3}. Both SDM scheme and SFN scheme are supported, UE can report the supportive of the two schemes. In addition, the maximal number of layers for SDM/SFN scheme can be different from legacy PUSCH transmission, a separate UE capability to report the supported maximal number of layers for SDM/SFN scheme can be discussed.
For single-DCI based STxMP PUCCH transmission, SFN scheme is supported and UE can report to support the scheme via UE capability.
For multi-DCI based STxMP PUSCH transmission, it is agreed that the maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subjects to UE capability. Besides, fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain are supported for multi-DCI based STxMP PUSCH transmission. The overlapping types have impact on the power control, UE capability of overlapping types can be considered.
Proposal 9: The following information can be reported via UE capability for Rel-18 STxMP transmission. 
· For single-DCI based STxMP PUSCH transmission, 
· Support of single-DCI based SDM scheme.
· Support of single-DCI based SFN scheme.
· Support of new DMRS port entry for single-DCI based SDM scheme.
· Supported maximal number of layers for SDM/SFN scheme.
· For single-DCI based STxMP PUCCH transmission, 
· Support of single-DCI based SFN scheme for PUCCH.
· For multi-DCI based STxMP PUSCH transmission,
· Support of multi-DCI based STxMP PUSCH transmission.
· Maximal number of transmission layers for STxMP PUSCH overlapping in time domain can be 1 or 2 subjects to UE capability.
· Support of overlapping types, including: fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
2.4.2	UE feature for SRI/TPMI enhancement for enabling 8 TX UL transmission
Two antenna architectures, (N1,N2)=(4,1) (2,2) are supported in Rel-18 for 8Tx transmission. UE can report one of the antenna architectures to gNB, and gNB is not expected to configure a different (N1, N2) from the one reported by UE. For a UE supporting partial coherency, the value of Ng should also be reported from 2 and 4. UE can also report corresponding coherency codebook subset instead. Furthermore, considering codebook and non-codebook based 8Tx transmission requires different UE complexity, separate UE capabilities are expected. For codebook based transmission, the coherency capability can reuse that of Rel-17. If full power transmission Mode 2 is supported in RAN1, the supported precoder groups should also be reported similar to Rel-15. 
Proposal 10: The following information can be reported via UE capability for 8Tx transmission: 
· Support of codebook based 8Tx transmission
·  (N1, N2)
· Ng=2 or 4 for a UE supporting partial coherency CB
· Supported precoder groups if full power Mode 2 is supported for 8Tx
· Support of non-codebook based 8Tx transmission
Conclusion
In this contribution, we discuss the initial UE feature for Rel-18 MIMO enhancement with the following proposals:
Proposal 1: The above information can be considered and reported via UE capability (if supported) for Rel-18 unified TCI state extension. 
Proposal 2: The above information can be considered and reported via UE capability (if supported) for Rel-18 two TA enhancement. 
Proposal 3: The following information can be reported via UE capability for Rel-18 CJT codebook enhancement: 
· The supported total number of SD basis Ltot across CSI-RS resources for one layer
· The supported number of TRPs for CJT NTRP
· Supported values of 2NN1N2 >32
· Supported number of CSI-RS ports per TRP
· Supported rank for CJT
· Support of mode 1 and/or mode 2 for CJT
· Support UE selection of N<= NTRP TRPs from NTRP TRPs.
· Supported number of NL>1 for SD basis
· Support of  = 1/8 in addition to the legacy values
· Support of pv = 1/8 for v=1,2 (1/16 for v=3,4) and/or pv=1/2 for v=1,2,3,4 in addition to legacy values
Proposal 4: The following information can be reported via UE capability for Rel-18 medium/high mobility codebook enhancement: 
· Support of the values of N4 lager than 1 (e.g. 2,4,8) for Rel-16 etypeII codebook
· Support of the values of K larger than 4 (e.g. 8) 
· Supported value of δ>0 (e.g.,1,2)
· Support of  = 1/8 in addition to the legacy values
· Support of pv = 1/8 for v=1,2 (1/16 for v=3,4) and/or pv=1/2 for v=1,2,3,4 in addition to legacy values
Proposal 5: The following information can be reported via UE capability for Rel-18 TDCP enhancement: 
· Joint use of P and AP-TRS resource sets if agreed
· Support Y=2, 3, 4
Proposal 6: Support separate UE capability for Rel-18 DMRS for PDSCH and Rel-18 DMRS for PUSCH.
Proposal 7: Support of Cyclic shift hopping and comb offset hopping are reported via separate UE capability. 
Proposal 8: The following information can be reported via UE capability for Rel-18 SRS enhancement: 
· Support of cyclic shift hopping
· Support of comb offset hopping
· Support of comb offset hopping without group/sequence hopping (basic)
· Support of comb offset hopping with sequence hopping (optional)
· Support of comb offset hopping with group hopping (optional)
· Comb offset hopping within R repetitions or not
Proposal 9: The following information can be reported via UE capability for Rel-18 STxMP transmission. 
· For single-DCI based STxMP PUSCH transmission, 
· Support of single-DCI based SDM scheme.
· Support of single-DCI based SFN scheme.
· Support of new DMRS port entry for single-DCI based SDM scheme.
· Supported maximal number of layers for SDM/SFN scheme.
· For single-DCI based STxMP PUCCH transmission, 
· Support of single-DCI based SFN scheme for PUCCH.
· For multi-DCI based STxMP PUSCH transmission,
· Support of multi-DCI based STxMP PUSCH transmission.
· Maximal number of transmission layers for STxMP PUSCH overlapping in time domain can be 1 or 2 subjects to UE capability.
· Support of overlapping types, including: fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
Proposal 10: The following information can be reported via UE capability for 8Tx transmission: 
· Support of codebook based 8Tx transmission
·  (N1, N2)
· Ng=2 or 4 for a UE supporting partial coherency CB
· Supported precoder groups if full power Mode 2 is supported for 8Tx
· [bookmark: _GoBack]Support of non-codebook based 8Tx transmission
