


3GPP TSG RAN WG1 #113	    R1-2304401
Incheon, Korea, May 22nd – May 26th, 2023

Source:	ZTE
Title:	Discussion on UE features for NR MIMO evolution
Agenda Item:	9.16.1
Document for:	Discussion and Decision
1 Introduction
In RAN#94, a new Rel-18 WID on MIMO evaluation for DL and UL was approved as in [1]. In this contribution, we elaborate our initial thoughts on UE features for Rel-18 UE features for NR MIMO.
2 Enhancements on unified TCI framework extension for multi-TRP
After reviewing the recent agreements, sentences/bullets related to UE features on unified TCI framework extension for multi-TRP are highlighted as follows.
	Agreement (RAN1#112bis-e)
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability
Agreement (RAN1#112)
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value
Agreement (RAN1#110bis-e)
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1


Based on the above, we have the following initial thoughts for UE features on unified TCI framework extension for multi-TRP:
· Regarding AP-CSI-RS in S-DCI based mTRP, we prefer to have separate UE features of ‘per CSI-RS resource set’ or ‘per CSI-RS resource’. Considering that, either way, the legacy TCI configuration for AP-CSI-RS is supported, we think that at least ‘per CSI-RS resource set’ can be assumed as a basic UE feature.
· Regarding two default beams for S-DCI based MTRP, we prefer to reuse the following UE capability signalling.
	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a and 16-2c

	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2c


· Regarding threshold value, we do not identify a clear reason why we need some further update for legacy signalling, and then, if having different one, we may need to handle different default beam behaviour when collided. Therefore, we prefer to reuse the legacy UE capability signalling of ‘timeDurationForQCL’.
· [bookmark: _GoBack]Regarding PDSCH-CJT, support of 1 or 2 indicated joint TCI state(s) for PDSCH-CJT corresponds to separate UE capability, but support of 1 indicated joint TCI state should be assumed as a basic feature.
· Then, regarding QCL type (like QCL-Type-A, QCL Type-B or ‘average Delay and delay spread’) for second TCI state, we are open to have separate UE feature for supporting the above three candidates.
3 TA enhancement for multi-DCI
After reviewing the recent agreements, sentences/bullets related to UE features on two TAs for multi-DCI nulti-TRP are highlighted as follows.
	Agreement (RAN1#111)
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature
Agreement (RAN1#110-bis-e)
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected


Based on the above, we have the following initial thoughts for UE features on two TAs for multi-DCI nulti-TRP:
· Regarding cross TRP RACH triggering, we think it should be the basic UE feature rather than UE optional. From UE side, supporting cross TRP RACH triggering will not introduce additional UE complexity over the legacy with respect to the potential enhancement on QCL properties and PL-RS determination. From NW side, since PDCCH ordered RACH triggering depends on network implementation, it is up to gNB to decide whether the transmitted PDCCH order is to trigger RACH procedure towards the same TRP or a different TRP.
· Regarding Rx timing difference between two DL reference timings is assumed to be larger than CP length, given that it has already confirmed by RAN4 (R1-2210817) that Multiple Receive Time Difference (MRTD) can be larger than CP (i.e., 33/34.6 µs in FR11 and 8/8.5 µs in FR2), this feature can be UE optional.
4 CSI enhancement for high/medium UE velocities and CJT
4.1 Type-II codebook refinement for CJT mTRP
After reviewing the recent agreements, sentences/bullets related to UE features on Type II codebook refinement for CJT mTRP are highlighted as follows.
	Agreement (RAN1#112-bis-e)
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’), for Rel-16 eType-II based
· For NTRP =1, 
· fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For NTRP >1, only the following linkages are supported (marked ‘x’)
· Note: Configured linkage(s) are associated with the configured value of NTRP, regardless whether the dynamic TRP selection (the dynamic change of N given NTRP) is configured. Also, the configured linkage(s) are valid for any dynamically selected SD basis and/or any dynamically selected CSI-RS resource (TRP).
· FFS: UE feature/capability to support only a subset of linkages
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Agreement (RAN1#112-bis-e)
On the Type-II codebook refinement for CJT mTRP, for mode-1, support the use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 
· FFS: UCI design details, details on 
Agreement (RAN1#112)
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,} from where the value of {pv,} is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {M} for Rel-17-based refinement are derived from the supported combinations of {pv ,} for Rel-16-based refinement 
	[bookmark: _Hlk128065209]pv for layers 1-4
	
	Condition(s) 

	{1/8, 1/8, 1/16, 1/16}
 
	¼ 
	--

	
	½ 
	--

	{1/4, 1/4, 1/8, 1/8}
	¼ (*)
	--

	
	½ (*)
	--

	{1/4, 1/4, 1/4, 1/4}
	¾ (*) 
	--

	{1/2, 1/2, 1/2, 1/2}
	½ 
	- Only applicable when NTRP≤3 and NL=1
- Optional


(*) Supported by legacy Rel-16 
Agreement (RAN1#111)
On the Type-II codebook refinement for CJT mTRP, regarding the SD basis selection, for a configured value of NTRP, a set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signaling
· When NL>1, the selected combination of values for {L1, ..., LNTRP} is reported in CSI part 1 using an indicator, selected from the NL configured combinations
· NL =1 is one of the supported candidate values 
· FFS: Other supported value(s) of NL, and its respective UE capability
· FFS: The supported combinations of values for {L1, ..., LNTRP}
· Following the legacy design, the SD basis selection for the n-th (n=1,...,N) selected CSI-RS resource is indicated in CSI part 2 using a combinatorial indicator selected from a set of   codepoints where, for Rel-16-based refinement PCSI-RS = 2*N1N2.
· The supported candidate values for each of the Ln parameters include the legacy candidate values, i.e. {2,4,6} for Rel-16-based refinement, and 
· for Rel-17-based refinement, the gNB configures a set of N_L combinations for {alpha1, ..., alphaNTRP}   where  
FFS: Whether the set of NL combinations of values for {L1, ..., LNTRP} can be implicitly derived
Following the legacy design, for all the selected N CSI-RS resources, the SD basis oversampling group for each CSI-RS resource is indicated in CSI part 2 using an indicator selected from a set of O1O2 codepoints.
Agreement (RAN1#111)
On the Type-II codebook refinement for CJT mTRP:
· The maximum value of 2NN1N2 is 128
· The support of 2NN1N2 >32 is UE optional for UEs supporting Rel-18 CJT CSI enhancement
· Note: Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource, the maximum value of 2N1N2 is 32.
Agreement (RAN1#110bis-e)
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.



Based on the above, we have the following initial thoughts for UE features on Type II codebook refinement for CJT mTRP:
· Regarding subset of linkages, we prefer to have a general UE feature requirement instead of identifying the subset case by case.
· Besides for supported value of NL, the maximum number of selected SD bases across the selected CSI-RS resource(s) can be considered as UE capabilities.
· Regarding CJT mode-1, the following can be considered. Then, we support CJT mode-2 as a basic UE feature.
· Basic feature: 
· Optional feature: 
· Regarding the maximum number of 2NN1N2, we may have an individual UE feature group for indicating the maximum number. Based on that, we do not need to have a separate UE feature group of ‘NTRP’ in such CJT cases.
· Finally, we have separate UE feature(s) for supporting TRP dynamic selection (i.e., selection of N out of NTRP CSI-RS resources) or {LN} selection.
4.2 Type-II codebook refinement for high/medium velocities
After reviewing the recent agreements, sentences/bullets related to UE features on Type II codebook refinement for high/medium velocities are highlighted as follows.
	Agreement (RAN1#112-bis-e)
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported 
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(*) Note: From legacy.
· FFS: UE feature/capability to support only a subset of Parameter Combinations
Agreement (RAN1#112)
For the Type-II codebook refinement for high/medium velocities, regarding the parameter K (the number of AP-CSI-RS resources for the CMR), optionally support only K=12 as an additional candidate value
Agreement (RAN1#112)
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· FFS: Whether/how to include CQI overhead reduction for X=2
Agreement (RAN1#111)
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), support 8 as an additional candidate value
· FFS (by RAN1#112): Whether any of the following additional candidate values are supported: 3, 5, 16, 32
· The candidate values supported by UE are reported via UE capability (details can be discussed in UE feature). 
Agreement (RAN1#110bis-e)
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, support UE “predicting” channel/CSI after slot l where the location of slot l is configured (from multiple candidate values) by gNB via higher-layer signalling
· Candidates of slot l location include the legacy CSI reference resource location (n – nCSI,ref ) and slot (n+δ) where δ ≥ 0
· FFS: Possible value(s) of δ and possible value(s) of WCSI
Note: Per legacy behavior, the legacy CSI reference resource, i.e., (n – nCSI,ref ), is reused for locating the last CSI-RS occasion used for a CSI report
For a UE that supports UE-side prediction, the support of l = (n – nCSI,ref ) is UE optional.


Based on the above, we have the following initial thoughts for UE features on Type II codebook refinement for high/medium velocities:
· Regarding UE feature/capability to support only a subset of Parameter Combinations, we think that, for L=6, the same restriction and UE optionality as legacy apply. Then, we do not have any further UE features for indicating any subset as legacy.
· Regarding N4>1, we have an individual UE feature of supporting the maximum number of N4 (with candidate value of {1, 2, 4, 8}), and then the feature of N4=1 should be assumed as a basic feature.
· Regarding K (the number of AP-CSI-RS resources for the CMR), we have an individual UE feature of supporting K=12.
· Regarding CQI report, the following can be assumed as two individual UE feature groups
· FG-1: X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· FG-2: X=2 and
· the 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· Regarding the start of CSI window is l=n+, the maximum number of  is supported as an individual UE feature and can be supported with candidate values of {0, 1, 2}.
4.3 TRS-based TDCP report

	Agreement (RAN1#112-bis-e)
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)
Agreement (RAN1#112)
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic
Agreement (RAN1#112)
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, down-select from the following alternatives:
· Alt1. The value of Y is gNB-configured via higher-layer (RRC) signalling
· Alt2. The value of Y follows the delays from the configured TRS resource
· Alt3. The value of Y is UE-selected and reported 
The value of Y is a UE capability



Based on the above, we have the following initial thoughts for UE features on TDCP report:
· Regarding phase report and value of Y, we prefer to have to separate UE features, i.e., one FG of indicating whether the UE supports phase report, and another FG of indicating the maximum number of Y (with candidate value of [1, 2, 3, 4, 7]).
· As mentioned in the agreement, Y=1 with delay ≤ Dbasic symbols, only wideband quantized normalized amplitude is reported as a basic feature.
· Regarding maximum value of supported D, we may have two individual FGs of: FG-1 {4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots}; FG-2 additional D value of {6 slots or 10 slots}
· For Dbasic, we prefer to have sufficient budget for guaranteeing the performance, i.e., Dbasic = 2 or 4.
5 DMRS enhancement for UL/DL MU-MIMO and 8 Tx UL SU-MIMO
After reviewing the recent agreements, sentences/bullets related to UE features on increased number of orthogonal DMRS ports are highlighted as follows.
	Agreement (RAN1#112-bis-e)
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-2-X.
· FFS: For row 9-11, 24-30, 55-60, and 81-83 (if agreed) in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) or UE capability.
· FFS: The total number of rows for eType1 DMRS ports with maxLength =2 for PDSCH at least for S-TRP case does not exceed 64. 

Agreement (RAN1#112-bis-e)
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-3-X.
· FFS: For rows 9, 10, 20-23, 33,34, 44-46, 60-62 (if agreed) in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) or UE capability.

Agreement (RAN1#112-bis-e)
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-4-X.
· FFS: For rows 9, 10, 20-23, 42-47, 67, 68, 78-80, 100-105, and 153-158 (if agreed) in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) or UE capability.

Agreement (RAN1#110-bis-e)
· For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Rest-riction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.


Based on the above, we have the following initial thoughts for UE features on increased number of orthogonal DMRS ports:
· Regarding rows for Rel-18 DMRS ports combination in cases of eType1 with maxLength = 2, eType2 with maxLength = 1 and eType2 with maxLength = 2, we think it should be the basic UE feature instead of UE optional. Basically, given that Rel-18 DMRS enhancement aims for larger number of orthogonal DMRS ports for both downlink and uplink MU-MIMO as stated in WID. Consequently, it is proper to discuss whether to introduce MU-MIMO restriction of these rows. In addition, it is worth noting that some rows of Rel-15 DMRS are forbidden in MU-MIMO scenario rather than being treated as UE optional.
· Regarding scheduling restriction of PRB number for handling orphan REs by FD-OCC length 4, it is natural to introduce UE optional feather of that as agreed in RAN1 session.
6 SRS enhancement targeting TDD CJT and 8 TX operation
After reviewing the recent agreements, sentences/bullets related to UE features on SRS enhancement are highlighted as follows.
	Agreement (RAN1#112b-e)
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 (RAN1#112)
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
0. At least the two features can be separately configured
0. FFS: Combined cyclic shift hopping and comb offset hopping for a UE
0. FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
0. FFS: Associated UE capability
Agreement (RAN1#110)
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols.
1. Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.


Based on the above, we have the following initial thoughts for SRS enhancement targeting TDD CJT and 8 TX operation:
· Regarding the time-domain behavior of comb offset hopping, UE should indicate the supported time-domain behavior of comb offset hopping and use one of the following candidates
· “support only comb offset hopping based on the OFDM symbol index l' of each symbol”
· “support only comb offset hopping based on the OFDM symbol index l' of the first symbol across the R repetitions”
· “support both comb offset hopping based on the OFDM symbol index l' of each symbol and the first symbol across the R repetitions”
· Regarding cyclic shift hopping and comb offset hopping, 
· If only separate cyclic shift hopping and comb offset hopping are supported in Rel-18, UE should indicate the supported hopping algorithms by one of the following candidates:
· “support only cyclic shift hopping”
· “support only comb offset hopping”
· “support both cyclic shift hopping and comb offset hopping”
· If combined cyclic shift hopping and comb offset hopping is supported in Rel-18, UE should indicate the supported hopping algorithms by one of the following candidates:
· “support only cyclic shift hopping”
· “support only comb offset hopping”
· “support separate cyclic shift hopping and comb offset hopping, NOT support combined cyclic shift hopping and comb offset hopping”
· “support separate and combined cyclic shift hopping and comb offset hopping”
· Regarding the maximum number of simultaneous SRS resources when the usage is configured as ‘nonCodebook’, the maximum UE capability should support 8 simultaneous RS resources.
7 Enhancements on UL precoding indication for multi-panel transmission
After reviewing the recent agreements, sentences/bullets related to UE features on UL precoding indication for multi-panel transmission are highlighted as follows.
	Agreement (RAN1#112-bis-e)
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability

Agreement (RAN1#112)
To support indicating DMRS ports in different CDM groups for layer combination {1+2} in SDM
· Add new entry {0, 2, 3} to the DMRS table for the layer combination {1+2}; 
· This is optional UE capability for UE that supports sDCI based STxMP SDM


Based on the above, we have the following initial thoughts for UL precoding indication for multi-panel transmission:
· Regarding the maximum number of layers of each PUSCH when MDCI based STxMP PUSCH+PUSCH, it is natural to support UE optional feature as it is. Subsequently, we suggest to reuse the following FG 2-14 and FG 2-15 for CB PUSCH and NCB PUSCH, respectively.
	2-14
	Codebook based PUSCH MIMO transmission
	1. Supported codebook based PUSCH MIMO with maximal number of supported layers
2.  Supported max number of SRS resource per set (SRS set use is configured as for codebook).
	2-13

	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme)
2.  Supported max number of SRS resource per set (SRS set use is configured as for non-codebook transmission).
3. Maximum number of simultaneous transmitted SRS resources at one symbol 
	2-12


· Regarding the entry {0, 2, 3} of DMRS ports in different CDM groups for layer combination {1+2} in single DCI based STxMP SDM PUSCH, it is natural to support UE optional feature as it is. Subsequently, we suggest to refer to the following FG 16-2b-1b as much as possible, which is introduced for single DCI based SDM PDSCH in Rel-16.
	16-2b-1b
	Single-DCI based SDM scheme – Support of new DMRS port entry
	1. Support of new DMRS port entry {0, 2, 3}
	16-2b-1


8 SRI/TPMI enhancement for enabling 8 TX UL transmission
After reviewing the recent agreements, sentences/bullets related to UE features on SRI/TPMI enhancement for enabling 8 TX UL transmission are highlighted as follows.
	Agreement (RAN1#112)
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A pair of (N1, N2) can be configured with subject to UE capability.
Agreement (RAN1#111)
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
3. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
3. This can be used for other UE Power Classes as well.
Agreement (RAN1#110)
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.


Based on the above, we have the following initial thoughts for UE features on SRI/TPMI enhancement for enabling 8 TX UL transmission:
· Regarding UE antenna architecture, we think that the value of supporting “Ng and antenna architecture (i.e., N1, N2 for Ng=1)’ should be supported as in an FG-a.
· For instance, a UE can indicate the support of Ng={1, 2, 8}, and then for Ng=1, the UE support (N1, N2) = (2, 2).
· Then, for additional maximum number of ranks, we can have a UE feature group of indicating maximum number of ranks if supporting the above FG-a as its pre-requisition.  
9 Conclusion
In this contribution, we provide our initial views on Rel-18 UE features for each of sub-agendas for NR MIMO evolution. The detailed observations/proposals can be found in the corresponding sections. 
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