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1.1 Further enhancements on MIMO for NR
Please refer to RP-202024 for detailed scope of the WI
1.1.1 Enhancements on Multi-beam Operation

Mainly targeting FR2 while also applicable to FR1
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Moderator summary for multi-beam enhancement
Moderator (Samsung)
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Enhancement on multi-beam operation
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R1-2009027
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Sharp
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NTT DOCOMO, INC.

R1-2009250
Enhancements on Multi-beam Operation
Qualcomm Incorporated

R1-2009288
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[103-e-NR-feMIMO-01] Email discussion on enhancements on multi-beam operation – Eko (Samsung)

· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

R1-2008147
Moderator summary for multi-beam enhancement
Moderator (Samsung)
Agreement

On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:

· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 

· The existing DCI formats 1_1 and 1_2 are reused for beam indication

· Support a mechanism for UE to acknowledge successful decoding of beam indication

· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI

· FFS: Whether any additional specification support is needed

· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:

· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 

· Support a UE capability for the minimum beam indication delay

· FFS: Whether to measure beam indication delay from DCI reception or from acknowledgment of DCI
· FFS: The exact supported values e.g. {0.5ms, 2ms, 3ms}
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI

· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels

· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Continue email discussion on the yellow part.

Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:

· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state

· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 

· For the separate DL TCI: 

· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 

· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions

· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state

· Note that TCI state pool for joint DL and UL beam indication is still FFS

· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.
Agreement
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 

· The following use cases are assumed: 
· Network architecture: 

· NSA, i.e. LTE PCell and NR-PSCell 

· SA

· Intra-band CA 

· FFS: If inter-band CA is also included

· Intra- RAT (excluding inter-RAT) 

· Intra-frequency scenario: 

· The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell

· An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell

· FFS: Support for inter-frequency scenario

· FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed

· The following enhancement scope is assumed: 

· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 

· FFS: Detailed/exact method(s)

· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)

· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP

· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS

· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 

· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.

· FFS: other information needed for inter-cell mobility

· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 

· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 

· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 

· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2

Conclusion

There is no consensus in RAN1 to include the following as part of RAN1 agreement for AI 8.1.1 in RAN1 #103e:

· FFS beam indication for the TCI state assumption/update for the following cases: 

· The beam indication UE-specific DCI (i.e. the CORESETs with the DCI received by UE), the scheduled PDSCH by the DCI and the associated PUCCH for the acknowledgment of the beam indication DCI

· Non-UE-specific CORESETs and PUSCH/PDSCH scheduled/activated and PUCCH transmission triggered by non-UE-specific CORESETs  

Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:

· MPE mitigation
· UE power saving

· UL interference management

· Support different configurations across panels

· UL mTRP 

Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:

· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:

· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported

· FFS: Maximum reported number of panels, e.g. single or multiple  

· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:

· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission

· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account

· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content

· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 

· Note: Other options are not precluded

· FFS: Whether the above reporting is triggered by UE or configured by NW

Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA

· The above applies to joint DL/UL and separate DL/UL beam indications 

· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS

· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs

· FFS: The above also applies to inter-band CA 

· FFS: TCI state pool for CA 

· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs

· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels

Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).

· FFS: The pool for separate DL and UL TCI state update (beam indication)

· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling

· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 

R1-2009715
Moderator summary#4 for multi-beam enhancement
Moderator (Samsung)
Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:

· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 

· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 

· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:

· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication

· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)

· If UL-related DCI is used, whether it is accompanied with UL grant or not

· Acknowledgment mechanism

Agreement

On Rel.17 DCI-based beam indication: 

· Regarding application time of the beam indication: if beam indication is received, down-select from the following:

· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication

· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 

· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)
1.1.2 Enhancements for Multi-TRP Deployment 
1.1.2.1 Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH

R1-2007540
Multi-TRP/panel for non-PDSCH
FUTUREWEI

R1-2007587
Enhancements on multi-TRP for reliability and robustness in Rel-17
Huawei, HiSilicon

R1-2007627
Reliability Enhancements for PDCCH, PUCCH, and PUSCH
InterDigital, Inc.

R1-2007645
Further discussion on enhancement of MTRP operation
vivo

R1-2007764
Multi-TRP enhancements for PDCCH, PUCCH and PUSCH
ZTE

R1-2007783
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Fujitsu

R1-2007793
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
TCL Communication Ltd.

R1-2007825
Discussion on enhancements on multi-TRP/panel for PDCCH, PUCCH and PUSCH
CATT

R1-2008001
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
CMCC

R1-2008149
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Samsung

R1-2008218
Enhancements on Multi-TRP based enhancement for PDCCH, PUCCH and PUSCH
OPPO

R1-2008347
Considerations on Multi-TRP for PDCCH, PUCCH, PUSCH
Sony

R1-2008439
Views on Rel-17 multi-TRP reliability enhancement
Apple

R1-2008574
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
LG Electronics

R1-2008898
On multi-TRP enhancements for PDCCH and PUSCH
Fraunhofer IIS, Fraunhofer HHI

R1-2008904
Enhancements for Multi-TRP URLLC schemes
Nokia, Nokia Shanghai Bell

R1-2008911
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Lenovo, Motorola Mobility

R1-2008944
Discussion on multi-TRP for PDCCH, PUCCH and PUSCH
NEC

R1-2008958
Enhancements on Multi-TRP for PDCCH, PUSCH and PUCCH
MediaTek Inc.

R1-2008978
Multi-TRP enhancements for PDCCH, PUCCH and PUSCH
Intel Corporation

R1-2009028
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Xiaomi

R1-2009054
Discussion on enhancements on multi-TRP for uplink channels
Asia Pacific Telecom co. Ltd

R1-2009130
Enhancements on multi-TRP for PUSCH
Sharp

R1-2009142
Discussion on enhancements on Multi-TRP for PDCCHPUCCH and PUSCH
Spreadtrum Communications

R1-2009159
Multi-TRP Enhancements for PDCCH, PUCCH and PUSCH
Convida Wireless

R1-2009175
Discussion on MTRP for reliability
NTT DOCOMO, INC.

R1-2009223
On PDCCH, PUCCH and PUSCH enhancements with multiple TRPs
Ericsson

R1-2009251
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Qualcomm Incorporated

R1-2009284
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Qualcomm Incorporated

Withdrawn
[103-e-NR-feMIMO-02] Email discussion on enhancements on multi-TRP for PDCCH – Mostafa (Qualcomm)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

Possible Agreement
For non-SFN schemes, at least support Option 2. Further study other options. 

Possible Agreement

For PDCCH reliability enhancements, 

· Combination A: SFN scheme + Alt 1-1 is supported

· Combination C1: [FDM / TDM] schemes + Alts 1-2 / 1-3 / 2 / 3 + Option 2 + Case 1 

· Down-select one from Alts 1-2 / 1-3 / 2 / 3

Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.

· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR
Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.

· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any

· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3

· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 

· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.

· FFS: whether and how to support for DCI format 2_x

R1-2009683
Summary of email discussions [103-e-NR-feMIMO-02] for mTRP PDCCH enhancements
Moderator (Qualcomm)
Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following

· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required

· With respect to the complexity associated with decoding, the following assumptions can be further discussed:

· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates

· Assumption 2: UE decodes individual PDCCH candidates

· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate

· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate

· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.

· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.

· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

Conclusion

Group-common DCI formats (DCI formats 2_x) are not precluded for multi-TRP PDCCH reliability enhancements and can be discussed with a lower priority compared to UE-specific DCI formats.

Note: Enhancements required for DCI formats 2_x, if any, can be discussed case-by-case.

[103-e-NR-feMIMO-03] Email discussion on enhancements on multi-TRP for PUSCH, PUCCH – Keeth (Nokia)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

R1-2009480
Summary of Multi-TRP URLLC for PUCCH and PUSCH
Moderator (Nokia, Nokia Shanghai Bell)
Agreement
For multi-TRP PUCCH transmission schemes.  

· Support multi-TRP inter-slot repetition (Scheme 1)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 

· FFS: Number of repetitions

· Further study the support (one or both) of the following schemes

· Multi-TRP intra-slot beam hopping (Scheme 2)

· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.

· FFS: More than 2 beam hopping instances per PUCCH resource.

· Multi-TRP intra-slot repetition (Scheme 3)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 

· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement
For multi-TRP PUCCH transmission schemes,

· For Scheme 1, at least PUCCH format 1/3/4 can be used. 

· FFS: Support of PUCCH format 0/2 for Scheme 1 

· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).  

Agreement

For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 

· Support the indication of two SRIs. 

· Alt1: Bit field of SRI shall be enhanced. 

· Alt2: No changes on SRI field 

· Support the indication of two TPMIs. 

· The same number of layers are applied for both TPMIs if two TPMIs are indicated

· The number of SRS ports between two TRPs should be same.

· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)

· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)

Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 

· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 

· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 

Agreement
For PUCCH multi-TRP enhancements in FR2, 

· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 

· Note: No spec impact.

· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  

· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams

· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.

· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.

· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.

· FFS: Transition period for beam / power / frequency change. 

· FFS: Required power control enhancements for FR1

Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  

Agreement
For single DCI based M-TRP PUSCH repetition Type B, at least nominal repetitions are used to map beams 

· Further study details and applicability of each mapping method

· Further study the slot based beam mapping in the cases of nominal repetition across slot boundaries

Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  

· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams

· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 

· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.

· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.

· FFS: Transition period for beam / power / frequency change.

Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 

· Alt.1 : single CG configuration 

· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.

· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 

· Alt.2 : multiple CG configurations 

· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.

· 1 SRI/TPMI is configured/indicated for each CG configuration.

· Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2.  

Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 

· Support the use of a single PUCCH resource 

· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE

· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  
Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  

· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 

· FFS: Details related to timeline restrictions and beam mapping  

· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.

· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 

Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings

The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e
Possible Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, allow the possibility to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.

· FFS: For PUSCH Type A, UL beams mapping applies to (one or both from Alt.1/2 may be selected), 

· Alt.1: different slots (slot-based beam mapping)

· Alt.2: different frequency hops (mainly considering intra-slot frequency hopping. Refer as beam hopping)

· Note: For PUSCH Type B, it was agreed that at least nominal repetitions are used to map beams

· FFS: Support of half-half mapping. 

· FFS: Use/configuration of a beam mapping pattern if multiple patterns are introduced. 
· FFS: Additional considerations Impact on the mapping patterns due to beam hopping (if beam hopping agreed) and/or (including required beam switching gaps) 

· Companies are encouraged to provide further simulation results to decide details.   

Agreement
For single DCI based PUSCH multi-TRP enhancements, support the following RV mapping for PUSCH repetition Type A,
· DCI indicates the first RV for the first PUSCH repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP (The same method as PDSCH scheme 4)
· FFS: Reuse of the same method for PUSCH repetition Type B.
Agreement
For PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.

· FFS: how to define the association between PUCCH and TRP.

· FFS: required enhancements.  

Agreement
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.
1.1.2.2 Enhancements on Multi-TRP inter-cell operation

R1-2007541
Inter-cell multi-TRP operation
FUTUREWEI

R1-2007588
Enhancements on inter-cell multi-TRP operations in Rel-17
Huawei, HiSilicon

R1-2007628
Synchronization Analysis for M-TRP Inter-cell Operation
InterDigital, Inc.

R1-2007646
Further discussion on inter-cell MTRP operation
vivo

R1-2007765
Discussion on Multi-TRP inter-cell operation
ZTE

R1-2007826
Discussion on multi-TRP/panel inter-cell operation
CATT

R1-2008002
Enhancements on Multi-TRP inter-cell operation
CMCC

R1-2008150
Enhancements on Multi-TRP inter-cell operation
Samsung

R1-2008219
Enhancement on inter-cell multi-TRP operation
OPPO

R1-2008348
Considerations on inter-cell operation
Sony

R1-2008440
Views on Rel-17 Inter-cell multi-TRP operation
Apple

R1-2008575
Enhancements on Multi-TRP inter-cell operation
LG Electronics

R1-2008905
Enhancements to enable inter-cell multi-TRP operations
Nokia, Nokia Shanghai Bell

R1-2008912
Enhancements on Multi-TRP inter-cell operation
Lenovo, Motorola Mobility

R1-2008945
Discussion on multi-TRP inter-cell operation
NEC

R1-2008979
Multi-TRP enhancements for inter-cell operation
Intel Corporation

R1-2009029
Enhancement on Inter-cell Multi-TRP operations
Xiaomi

R1-2009070
Enhancement on Multi-TRP inter-cell operation
Ericsson

R1-2009143
Discussion on enhancement on multi-TRP inter-cell operation
Spreadtrum Communications

R1-2009176
Discussion on inter-cell multi-TRP operations
NTT DOCOMO, INC.

R1-2009252
Enhancements on Multi-TRP inter-cell operation
Qualcomm Incorporated

[103-e-NR-feMIMO-04] Email discussion on enhancements on multi-TRP intercell operation – Rakesh (vivo)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

Possible Agreement
Non-serving cell information for inter-cell MTRP operation to be associated with TCI state/QCL-info includes at least non-serving cell PCI at least when SSB is used as the reference signal
· The information provided by SSB-Configuration-r16 or MeasObject can be starting point for providing non-serving cell information

· FFS: Other information

Possible Agreement (new starting point for email discussions)
For QCL/TCI related enhancement for enhanced inter-cell/multi-TRP operations, support configuration of non-serving cell information with one of the following alternatives
· Alt 0: Non-serving cell information can be associated with the TCI state and/or QCL-info at least when “neighbor cell SSB” is used as “QCL referenceSignal”
· FFS: Whether TCI state enhancement is needed in addition to QCL-info enhancement
· FFS: Whether the association is explicit or implicit
· Alt 2: Group TCI state and associate non-serving cell information with each group

· Which RS/channels is (are) supported is separate discussion
Agreement

For QCL /TCI related enhancement for enhanced inter-cell multi-TRP operations, support RRC configuration of non-serving cell information

· Non-serving cell information can be associated with the TCI state and/or QCL -info at least when “neighbor cell SSB” is used as “QCL referenceSignal ”

· FFS : Whether beam indication enhancement is needed in addition to QCL -info enhancement

· FFS : Whether the association is explicit or implicit
Agreement

The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information
R1-2009731
Feature lead summary#2 on Enhancements on Multi-TRP inter-cell operation
Moderator (vivo)
For future meetings
Consider rate matching behavior related to non-serving cell SSB.
1.1.2.3 Enhancements on beam management for multi-TRP

R1-2007542
Beam management for simultaneous multi-TRP transmission with multi-panel reception



FUTUREWEI

R1-2007589
Discussion on multi-TRP for multi-panel reception in Rel-17
Huawei, HiSilicon

R1-2007629
Beam Management Enhancements for Multi-TRP
InterDigital, Inc.

R1-2007647
Further discussion on MTRP multibeam enhancement
vivo

R1-2007766
Enhancements on beam management for Multi-TRP
ZTE

R1-2007784
Enhancements on beam management for multi-TRP
Fujitsu

R1-2007827
Beam management enhancement for multi-TRP simultaneous reception
CATT

R1-2008003
Enhancements on beam management for multi-TRP
CMCC

R1-2008151
Enhancements on beam management for multi-TRP
Samsung

R1-2008220
Enhancements on beam management for multi-TRP
OPPO

R1-2008309
Enhancements on beam management for multi-TRP
AT&T

R1-2008349
Considerations on beam management for multi-TRP
Sony

R1-2008441
Views on Rel-17 multi-TRP BM enhancement
Apple

R1-2008576
Enhancements on beam management for multi-TRP
LG Electronics

R1-2008906
Enhancements on Beam Management for Multi-TRP/Panel Transmission
Nokia, Nokia Shanghai Bell

R1-2008913
Enhancements on beam management for multi-TRP
Lenovo, Motorola Mobility

R1-2008946
Discussion on beam management for multi-TRP
NEC

R1-2008957
Enhancements on beam management for multi-TRP
MediaTek Inc.

R1-2008980
Multi-TRP enhancements for beam management
Intel Corporation

R1-2009030
Enhancement on beam management for Multi-TRP
Xiaomi

R1-2009052
Discussion of enhancements on beam management for multi-TRP
Asia Pacific Telecom co. Ltd

R1-2009144
Discussion on enhancements on beam management for multi-TRP
Spreadtrum Communications

R1-2009156
Discussion on beam management for multi-TRP
ASUSTeK

R1-2009160
On Per-TRP Beam Failure Recovery
Convida Wireless

R1-2009177
Discussion on beam management for MTRP
NTT DOCOMO, INC.

R1-2009213
Discussion on beam management for multi-TRP
ITRI

R1-2009225
On beam management enhancements for simultaneous multi-TRP transmission with multi-panel reception
Ericsson

R1-2009253
Enhancements on beam management for multi-TRP
Qualcomm Incorporated

[103-e-NR-feMIMO-05] Email discussion on enhancements on beam management for multi-TRP – Runhua (CATT)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

R1-2009500
Summary on beam management for simultaneous multi-TRP transmission with multiple Rx panels
Moderator (CATT)
Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.

· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP

· Support at least one of explicit and implicit BFD-RS configuration

· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured

· FFS: Further study QCL relationship between BFD-RS and CORESET

· FFS: How to determine implicit BFD-RS configuration, if supported

· For M-TRP new beam identification

· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured

· FFS: detail on association of BFD-RS and NBI-RS

· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold

Agreement

Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 

· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group

· A cell group refers to either MCG, SCG, or PUCCH cell group

· FFS: number of spatial filters associated with the PUCCH-SR resources  

· FFS: How the SR configuration is done

· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group

· A cell group refers to either MCG, SCG, or PUCCH cell group

· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter

· FFS: How the SR configuration is done

· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2

· Study whether and how to provide the following information in BFRQ MAC-CE 

· Index information of failed TRP(s)

· CC index (if applicable)

· New candidate beam index (if found)

· Indication whether new beam(s) is found 

· FFS: whether/how to incorporate multi-TRP failure

Agreement

Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e

· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group

· Different beams in different pairs/groups can be received simultaneously 

· FFS: whether M is equal or can be different across different pair/group

· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group

· Different beams within a pair/group can be received simultaneously

· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting

· Different beams in different CSI-reports can be received simultaneously

· FFS: whether/how to introduce an association between different CSI-reports

· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 

· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously

· FFS: value of N and M in each option

· FFS: Association between different beams in above options and different TRP/UE panels

· FFS: Identify new use cases per option compared with R16 (including backhaul)

· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option

1.1.2.4 Enhancements on HST-SFN deployment
R1-2007543
Enhancement to support HST-SFN deployment scenario
FUTUREWEI

R1-2007590
Discussion on multi-TRP for high speed train in Rel-17
Huawei, HiSilicon

R1-2007630
Enhancements for M-TRP to Support HST-SFN Deployment
InterDigital, Inc.

R1-2007648
Further discussion and evaluation on HST-SFN schemes
vivo

R1-2007767
Discussion on Multi-TRP HST enhancements
ZTE

R1-2007828
On enhancements on HST-SFN deployment
CATT

R1-2008004
Enhancements on HST-SFN deployment
CMCC

R1-2008152
Enhancements on HST-SFN
Samsung

R1-2008221
Enhancements on HST-SFN deployment
OPPO

R1-2008350
Considerations on HST-SFN operation for multi-TRP
Sony

R1-2008442
Views on Rel-17 HST enhancement
Apple

R1-2008577
Enhancements on HST-SFN deployment
LG Electronics

R1-2008907
Enhancements for HST-SFN deployment
Nokia, Nokia Shanghai Bell

R1-2008947
Discussion on HST-SFN deployment
NEC

R1-2008981
Enhancements to HST-SFN deployments
Intel Corporation

R1-2009069
Enhancement on HST-SFN deployment
Ericsson

R1-2009099
Enhancements for HST-SFN deployment
Lenovo, Motorola Mobility

R1-2009145
Discussion on enhancements on HST-SFN deployment
Spreadtrum Communications

R1-2009178
Discussion on HST-SFN deployment
NTT DOCOMO, INC.

R1-2009254
Enhancements on HST-SFN deployment
Qualcomm Incorporated

[103-e-NR-feMIMO-06] Email discussion on enhancements on HST-SFN deployment – Alexei (Intel)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

R1-2009476
Summary#1 of AI: 8.1.2.4 Enhancements on HST-SFN deployment
Intel Corporation
Agreement

Support at least the following configuration for HST scenario in Rel-17

· The same DMRS port(s) can associate with multiple TCI states
· Note: DMRS and [PDCCH]/PDSCH from different TRPs are transmitted in SFN manner

· FFS other details
Agreement

At most two QCL/TCI states are supported for HST scenario in Rel-17
· FFS: Whether to support more than two TCI states for FR2

· FFS configuration/signalling details of the TCI states

· Note: DMRS and [PDCCH]/PDSCH from different TRPs are transmitted in SFN manner

R1-2009646
Summary#2 of AI: 8.1.2.4 Enhancements on HST-SFN deployment
Intel Corporation
Agreement

Support at least the following configuration for HST scenario in Rel-17

· The same DMRS port(s) can associate with multiple TCI states

· Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

· FFS other details 

Note: Strive for a unified solution for PDCCH in agenda item 8.1.2.1 and 8.1.2.4

Agreement

At most two TCI states are supported for HST scenario in Rel-17
· FFS: Whether to support more than two TCI states for FR2

· FFS configuration/signalling details of the TCI states

Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Note: Strive for a unified solution for PDCCH in agenda item 8.1.2.1 and 8.1.2.4

Updated proposal 5-1:
· When the same DMRS port(s) are associated with two QCL/TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario
· Variant A: One of QCL/TCI state can be associated with {average delay, delay spread}  and another QCL/TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the QCL/TCI state can be associated with {average delay, delay spread} and another QCL/TCI state with {Doppler shift, Doppler spread} (i.e., ‘QCL-TypeB’)

· Variant C: One of the QCL/TCI state can be associated with {delay spread}  and another QCL/TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both QCL/TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note 1: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note 2: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note 3: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner
Agreement
Support at least the following configuration for HST scenario in Rel-17

· The same DMRS port(s) can associate with multiple TCI states

· FFS other details 

Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
At most two TCI states are supported for HST scenario in Rel-17

· FFS: Whether to support more than two TCI states for FR2

· FFS configuration/signalling details of the TCI states

Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

1.1.3 Enhancements on SRS flexibility, coverage and capacity

R1-2007544
Enhancements on SRS flexibility, coverage and capacity
FUTUREWEI

R1-2007591
Discussion on SRS enhancements for Rel-17
Huawei, HiSilicon

R1-2007631
Discussion on SRS Enhancements
InterDigital, Inc.

R1-2007649
Further discussion on SRS enhancement
vivo

R1-2007768
Enhancements on SRS flexibility, coverage and capacity
ZTE

R1-2007829
On enhancements on SRS  flexibility, coverage and capacity
CATT

R1-2008005
Enhancements on SRS flexibility, coverage and capacity
CMCC

R1-2008153
Enhancements on SRS
Samsung

R1-2008222
Enhancements on SRS flexibility, coverage and capacity
OPPO

R1-2008351
Considerations on SRS flexibility, coverage and capacity
Sony

R1-2008443
Views on Rel-17 SRS enhancement
Apple

R1-2008578
Enhancements on SRS flexibility, coverage and capacity
LG Electronics

R1-2008900
Enhancements on SRS for coverage and capacity
Fraunhofer IIS, Fraunhofer HHI

R1-2008908
Enhancements on SRS flexibility, coverage and capacity
Nokia, Nokia Shanghai Bell

R1-2008914
Enhancements on SRS
Lenovo, Motorola Mobility

R1-2008948
Discussion on SRS enhancement
NEC

R1-2008959
Enhancements on SRS flexibility, coverage and capacity
MediaTek Inc.

R1-2008982
Discussion on SRS enhancements
Intel Corporation

R1-2009031
Discussion on SRS enhancements
Xiaomi

R1-2009131
Enhancements on SRS
Sharp

R1-2009146
Considerations on SRS enhancement
Spreadtrum Communications

R1-2009179
Discussion on SRS enhancement
NTT DOCOMO, INC.

R1-2009211
SRS Performance and Potential Enhancements
Ericsson LM

R1-2009255
Enhancements on SRS flexibility, coverage and capacity
Qualcomm Incorporated

R1-2009286
Discussion on enhancement of SRS in Rel. 17 further enhanced MIMO 
CEWiT

[103-e-NR-feMIMO-07] Email discussion on SRS flexibility, coverage, and capacity – Hao (ZTE)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

R1-2009384
FL summary #1 on SRS enhancements
Moderator (ZTE)
Agreement
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.

· Opt. 1: Reference slot is the slot with the triggering DCI.

· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.

· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,

· Based on only RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set

· FFS explicit or implicit indication of t

· FFS whether updating candidate triggering offsets in MAC CE may be beneficial

Agreement

Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.

· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.

· FFS UL/DL DCI with data for aperiodic SRS

· FFS group common DCI 

Agreement

In Rel-17 SRS coverage and capacity enhancement, support at least one scheme from Class 2 and Class 3, and deprioritize Class 1.

· Note: Extensions of Rel-15/16 frequency hopping are included in Classes 2 and 3, e.g. where UE hops once per symbol within a Rel-17 SRS resource.

Possible Agreement

For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.

· Note: companies are encouraged to evaluate directional UE antennas

R1-2009650
FL summary #2 on SRS enhancements
Moderator (ZTE)

Agreement

Candidate schemes for Class 2:

· Scheme 2-0: Increase the number of repetition symbols in one slot

· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping

Candidate schemes for Class 3:

· Scheme 3-1: RB-level partial frequency sounding

· Scheme 3-2: Subcarrier-level partial frequency sounding

· Scheme 3-3: Subband-level partial frequency sounding

· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource

· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling

· Note: Consider issues like gNB receiver complexity,  PAPR, etc., with above schemes

· Note: Joint operation between Class 2 and Class 3 schemes can be considered

Proposed conclusion:
For the purpose of Rel-17 SRS enhancement, the following is assumed:

A Rel-15/16 UE that supports nT=nR antenna switching with n={1,2,4} can be configured with an n port SRS resource that is in both an SRS resource set with usage=’codebook’ and another SRS resource set with usage=’antennaSwitching’, provided that the SRS resource sets have the same time domain behavior.

· The existing conclusions/agreements for Rel-15/16 is unchanged.

Agreement

For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.

1.1.4 CSI enhancements: MTRP and FR1 FDD reciprocity

R1-2007545
CSI enhancement for multi-TRP and FDD
FUTUREWEI

R1-2007592
Discussion on CSI Enhancements for Rel-17
Huawei, HiSilicon

R1-2007632
CSI Enhancements for the Support of MTRP and FDD Reciprocity
InterDigital, Inc.

R1-2007650
Further discussion and evaluation on MTRP CSI and Partial reciprocity
vivo

R1-2007769
CSI enhancements for Multi-TRP and FR1 FDD reciprocity
ZTE

R1-2007830
CSI enhancements for MTRP and FR1 FDD with partial reciprocity
CATT

R1-2008006
Enhancements on CSI reporting for Multi-TRP
CMCC

R1-2008154
Views on Rel. 17 CSI enhancements
Samsung

R1-2008223
CSI enhancement for M-TRP and FDD reciprocity
OPPO

R1-2008352
Considerations on CSI enhancements
Sony

R1-2008444
Views on Rel-17 CSI enhancement
Apple

R1-2008579
CSI enhancements for Rel-17
LG Electronics

R1-2008901
CSI enhancements on Type II PS codebook and multi-TRP
Fraunhofer IIS, Fraunhofer HHI

R1-2008909
Enhancement on CSI measurement and reporting
Nokia, Nokia Shanghai Bell

R1-2008949
Discussion on CSI enhancement for multi-TRP
NEC

R1-2008960
CSI enhancement for NCJT
MediaTek Inc.

R1-2008983
On CSI enhancements for MTRP and FDD reciprocity
Intel Corporation

R1-2009100
CSI enhancements for mTRP and FDD reciprocity
Lenovo, Motorola Mobility

R1-2009147
Discussion on CSI enhancement for M-TRP transmission and FR1 FDD reciprocity
Spreadtrum Communications

R1-2009180
Discussion on CSI enhancements
NTT DOCOMO, INC.

R1-2009224
On CSI enhancements in Rel-17 feMIMO
Ericsson

R1-2009256
CSI enhancements - MTRP and FR1 FDD reciprocity
Qualcomm Incorporated

[103-e-NR-feMIMO-08] Email discussion on CSI enhancements: MTRP and FR1 FDD reciprocity – Min (Huawei)
· 1st check point: 11/5

· 2nd check point: 11/10

· 3rd check point: 11/12

R1-2009529
Summary of CSI enhancements for MTRP and FDD
Huawei, HiSilicon
Agreement

Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.

Agreement

Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.
Possible Agreement

· For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· FFS: whether CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) or different resource sets (i.e. scheme 1-3).
Note that an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states, is not excluded and can be discussed further. 

Agreement

[image: image1.emf]Study following alternatives,  and  select one or  a   combination of multiple   alternatives   for Rel - 17   in RAN1 # 104 - e:      Alt 0:  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 ,    𝐖 𝟏   can be an identity matrix     Alt 1 and Alt  2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports out  of  P CSI − RS   CSI - RS ports or   K 1 2   p orts out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific  selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports     Alt 3 ,  Alt 4 ,   a nd Alt 5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at  least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a p ort selection matrix in order to freely select  K 1   ports out  of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific  selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD pairs per  port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports        N ote that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in order  to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS   the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that  𝐖 𝐟   can be an identity matrix      Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4     groups  out  of   P group   port  group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific  selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per  group, and each port group corresponding to the same  SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - F D  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 ..    o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS por ts  
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Agreement

For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.

· At least ‘typeI-SinglePanel’ codebook is supported 

· FFS: Other codebook types 

· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 

· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)

· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP

· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation

Ffollowing restrictions apply to both options:

· At least ‘typeI-SinglePanel’ codebook is supported 

· FFS: Other codebook types 

· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;

· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
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