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1.1 Further enhancements on MIMO for NR
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[104-e-NR-feMIMO-01] Email discussion on enhancements on multi-beam operation – Eko (Samsung)

· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101185
Moderator summary for multi-beam enhancement
Moderator (Samsung)
Conclusion
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:

· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:

· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:

· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).

For M>1:

· DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:

· UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant(s)/configured-grant(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:

· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
· Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).

Note: Other TCI types/terms such as “common TCI” are not used.

Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 

· CSI-RS for tracking

· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types 

Agreement
On Rel.17 unified TCI framework, the following source RS types for UL TX spatial filter are supported:
· CSI-RS for tracking

· Note: SRS for BM, SSB, and CSI-RS for BM have been agreed in RAN1#102-e

· FFS (to be decided by RAN1#104bis-e): non-BM CSI-RS other than for tracking, non-BM SRS

Agreement
On Rel.17 unified TCI framework:

· For joint and separate DL/UL TCI, DL large scale QCL properties are inferred from one (qcl-Type1) or two RSs (qcl-Type1 and qcl-Type2) analogous to Rel.15/16
· For joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D 

Agreement
On Rel.17 unified TCI framework, by RAN1#104bis-e, down select or modify at least one from the following alternatives:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Details on dynamic indication are FFS

· FFS: UE capability for the support of joint DL/UL TCI and/or separate DL/UL TCI

· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling

· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling

· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling

· Details on how this is signaled in relation to TCI activation are FFS

Agreement
On Rel.17 unified TCI framework, decide by RAN1#104bis-e:

· Whether DL or, if applicable, joint TCI also applies to the following signals. If not, FFS any other enhancement over Rel.15/16:
· CSI-RS resources for CSI

· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)

· CSI-RS for tracking

· Whether UL or, if applicable, joint TCI also applies to the following signals

· Some SRS resources or resource sets for BM

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework: 

· The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS
·  Select or modify from one of the following alternatives by RAN1#104bis-e for PUCCH, PUSCH, and SRS separately:

· Alt1. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state

· Alt2. The setting of (P0, alpha, closed loop index) is included with UL or (if applicable) joint TCI state

· Alt3. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state

· Alt4. The setting of (P0, alpha, closed loop index) is determined as in Rel-16 without enhancement

Agreement
On the beam application time for Rel.17 DCI-based beam indication, the beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 

· FFS: whether existing UE capability can be reused as this UE capability.

· FFS: whether different beam application time values are supported for uplink and downlink

· FFS: whether UE capability needs to be introduced for the maximum value of beam application time

· FFS: the reference for defining the UE capability (e.g. from DCI reception or ACK transmission)
· FFS: whether a UE is allowed to report more than 1 values in case of MPUE
· FFS: the application time when DCI and applied channel(s) are on different CCs with same/different SCS(s)s

Conclusion
On Rel.17 enhancements to facilitate UL beam selection for MP-UE, the following terms are used at least for the purpose of discussion: 
· ‘Panel activation’ (at least for DL/UL measurement): activating L out of P available UE panel(s) at least for the purpose of DL and UL beam measurements (e.g. reception of DL measurement RS, transmission of SRS)
· ‘Panel selection’ (for UL transmission): selecting 1 out of L activated UE panel(s) for the purpose of UL transmission 

· Note: UE-initiated panel activation and selection have been agreed in RAN1#103-e

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, 

· On further enhancing the P-MPR report in Rel.16 (already agreed RAN4 framework, including triggering), down select between beam-level and panel-select reporting
· On SSBRI(s)/CRI(s) and/or indication of panel selection, focus study on the following: 

· Reporting of at least SSBRI(s)/CRI(s) to indicate gNB beam(s) that is feasible for UL transmission: additional reporting quantities are FFS

· Reporting of at least an indicator associated with a UE ‘panel’ that is feasible for UL transmission: additional reporting quantities are FFS

· Note: Just as agreed in RAN1#103-e, the purpose is to assess whether specification is needed or not

R1-2101913
Moderator summary#3 for multi-beam enhancement: Round 2
Moderator (Samsung)
Agreement
On Rel.17 enhancements based on the unified TCI framework, perform study and, if needed, specify the following:

· Group1: Beam management with reduced DL signaling to reduce latency
· Group2: Reducing activation delay of TCI states and PL-RSs (including other WGs, e.g. RAN4)
· On RAN4-related matters, assessment/study phase can be done in RAN1. If RAN4-based enhancements are found necessary, a LS to RAN4 will be sent (to prepare RAN4 work)

Note: Given its dependence on the maturity compared to other issues (1 to 5), when to start the work and how much work is done on issue 6 should depend on the progress on the other issues.

Note: Aim for at most one solution for each of the group in Rel-17 to address issue 6

Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:

· A quality of up to K beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance 
· For each beam, the UE can report at least: (1) a Measured RS Indicator, and (2) a Beam Metric associated with the Measured RS Indicator

· FFS: Maximum value of K 

· FFS: If K is fixed, configured, reported by UE capability, or dynamically selected  

· FFS: The type of beam metric (e.g. L1-RSRP, L3-RSRP, or hybrid L1/L3-RSRP) and related measurement behavior 

· FFS: Whether or not beam reporting associated with non-serving cell(s) can be mixed with that with serving-cell in one reporting instance

At the end of RAN1#104-e, send an LS to RAN2 with all the RAN1-related inter-cell mobility agreements done so far during Rel17. LS is endorsed in R1-210XXXX.
Agreement
On Rel.17 unified TCI framework:

· Select at least one of the following alternatives by RAN1#104bis-e for path-loss measurement (PL-RS): 

· Alt1. PL-RS can be included in UL TCI state or (if applicable) joint TCI state. 

· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.  

· Alt2. PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state 

· FFS: Exact association mechanism 

· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state

· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS) 

· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state

· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state 

· FFS: Whether UE can calculate path-loss based on DL periodic RS for path-loss calculation for UL RS in the UL TCI

· FFS: Application time of PL-RS

· NOTE: As in Rel-16, a UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions 

· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates

Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:

· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.

· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  

· Whether the support applies to CSI-RS with or without QCL source, or both

· FFS: The number of non-serving cell(s) for measurement/reporting 

· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated

· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP

· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE

· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement

Agreement
On the Rel.17 DCI -based beam indication, in RAN1#104bis-e, down-select at least one of the following alternatives regarding the support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment (in RAN1#103-e):
· Alt0: No additional DCI format is supported
· Alt1: DCI formats 1_1 and 1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy

· FFS : How to identify DCI formats 1_1/1_2 used for beam indication only (not for scheduling a PDSCH reception, not indicating a SPS PDSCH release, or not indicating SCell dormancy), considering impacts on PDCCH coverage and scheduling mechanism 

· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission

· Alt2: Dedicated DCI format other than 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy

· FFS : If the format is based on an existing DCI format, how to identify the DCI format used for beam indication only

· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission

· Alt3: UL-related DCI formats 0_1/0_2 with UL grant, applicable only for UL-only TCI of separate DL /UL TCI 
 
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS : Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel

· UE reporting to facilitate UL panel selection

· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states

· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, decide in RAN1#104bis-e whether to support at least one the following (not necessarily, but can be, in one reporting instance):
· {Rel.16 P-MPR based (beam/panel-level)} + {A}, where A is either Opt1A, Opt1B, Opt1C, or Opt1D:

· Option 1A: Virtual PHR or a modified version associated with each activated UL TCI or, if applicable, joint TCI

· Option 1B: {SSBRI(s)/CRI(s) and/or panel indication}

· Option 1C: {SSBRI(s)/CRI(s) and/or panel indication} + virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)

· Option 1D: No additional reporting quantity

· {SSBRI(s)/CRI(s) and/or panel indication} + {A}, where A is either Opt2A, Opt2B, Opt2A+ Opt2B, or Option 2C

· Option 2A: L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)

· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel

· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]

· FFS: Whether/how to enhance existing beam reporting format to support Option 2A

· Option 2B: Virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)

· Option 2C: No additional reporting quantity

1.1.2 Enhancements for Multi-TRP Deployment 
1.1.2.1 Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH

R1-2100038
Multi-TRP/panel for non-PDSCH
FUTUREWEI

R1-2100064
Discussion on M-TRP Enhancements for PDCCH, PUCCH, and PUSCH
InterDigital, Inc.

R1-2100119
Enhancements on Multi-TRP based enhancement for PDCCH, PUCCH and PUSCH
OPPO

R1-2100209
Enhancements on multi-TRP for reliability and robustness in Rel-17
Huawei, HiSilicon

R1-2100274
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Lenovo, Motorola Mobility

R1-2100286
Multi-TRP enhancements for PDCCH, PUCCH and PUSCH
ZTE

R1-2100344
Enhancements on multi-TRP/panel for PDCCH, PUCCH and PUSCH
CATT

R1-2100422
Further discussion on enhancement of MTRP operation
vivo

R1-2100535
On multi-TRP enhancements for PDCCH and PUSCH
Fraunhofer IIS, Fraunhofer HHI

R1-2100582
Enhancements on Multi-TRP for PDCCH, PUSCH and PUCCH
MediaTek Inc.

R1-2100619
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
LG Electronics

R1-2100637
Multi-TRP enhancements for PDCCH, PUCCH and PUSCH
Intel Corporation

R1-2100738
Enhancements on Multi-TRP for PDCCH PUCCH and PUSCH
Fujitsu

R1-2100784
Discussion on enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Spreadtrum Communications

R1-2100845
Considerations on Multi-TRP for PDCCH, PUCCH, PUSCH
Sony

R1-2100950
Discussion on multi-TRP for PDCCH, PUCCH and PUSCH
NEC

R1-2100965
Discussion on Enhancements on Multi-TRP for Uplink Channels
Asia Pacific Telecom, FGI

R1-2101006
Enhancements for Multi-TRP URLLC schemes
Nokia, Nokia Shanghai Bell

R1-2101033
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
CMCC

R1-2101093
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Xiaomi

R1-2101187
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Samsung

R1-2101351
Views on Rel-17 multi-TRP reliability enhancement
Apple

R1-2101415
Multi-TRP Enhancements for PDCCH, PUCCH and PUSCH
Convida Wireless

R1-2101447
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Qualcomm Incorporated

R1-2101537
Enhancements on Multi-TRP PUSCH
Sharp

R1-2101598
Discussion on MTRP for reliability
NTT DOCOMO, INC.

R1-2101653
Discussion on enhancement on Multi-TRP PDCCH
ASUSTeK

R1-2101654
On PDCCH, PUCCH and PUSCH enhancements
Ericsson

R1-2101662
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
TCL Communication Ltd.

[104-e-NR-feMIMO-02] Email discussion on enhancements on multi-TRP for PDCCH – Mostafa (Qualcomm)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101838
Discussion Summary for mTRP PDCCH Reliability Enhancements
Moderator (Qualcomm)
Agreement
Confirm the 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 Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:

· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.

· To extend the definition of [out-of-order] / in-order for PDCCH-PDSCH and PDCCH-PUSCH: PDCCH ending symbol is the last symbol of the reference PDCCH candidate.

· Applies at least for the case of single TRP PDSCH/PUSCH transmission

· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.

· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

· FFS: Whether the relative position in the time domain is needed to be informed to the UE
Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e

· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.

Agreement
The agreement is revised as below:

For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:

· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.

· To extend the definition of [out-of-order] / in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· Applies at least for the case of single TRP PDSCH/PUSCH transmission
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.

· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.

· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.

· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

· FFS: Whether the relative position in the time domain is needed to be informed to the UE

Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:

· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.

· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:

· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).

· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)

· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.

· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.

R1-2101839
Summary #2 of email discussions [104-e-NR-feMIMO-02] for mTRP PDCCH enhancements
Moderator (Qualcomm)
Agreement

For PDCCH repetition, support linking two SS sets by RRC configuration:

· FFS1: Whether MAC-CE can be used additionally

· FFS2: When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.

· The two linked SS sets have the same SS set type (USS/CSS)

· (for comeback) The two linked SS sets have the same DCI formats to monitor

· For intra-slot PDCCH repetition, 

· FFS3: Whether the two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration

· For linking monitoring occasions across the two SS sets that exist in the same slot:

· Alt1: Provide linking by configuration

· Alt2: The two SS sets have the same number of monitoring occasions within a slot and they are linked one-to-one

· Alt3: Linking is determined based on number of monitoring occasions of the two SS sets within a slot (i.e. w/o configuration and w/o the one-to-one restriction in Alt2)

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates

· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 

· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values

· Option 2: UE reports whether it supports soft-combining or not

· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates

· Candidate values: 2, X. 

· Where X is a value larger than 2 and equal or less than 3 

· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values

· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4

· Number of BDs for decoding assumptions 1: 

· Alt1: 2 BDs

· Alt2: A value between 1 and 2 BDs

· Number of BDs for decoding assumption 2: 2

· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values

· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3

Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation
Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing of the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2
R1-2101954
Summary #3 of email discussions [104-e-NR-feMIMO-02] for mTRP PDCCH enhancements
Moderator (Qualcomm)
Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.

Possible Agreement
UE is not required to decode the linked PDCCH candidates if they are overlapping in resources.

· No impact to BD counting
[104-e-NR-feMIMO-03] Email discussion on enhancements on multi-TRP for PUSCH, PUCCH – Keeth (Nokia)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101784
Summary of Multi-TRP for PUCCH and PUSCH
Moderator (Nokia, Nokia Shanghai Bell)
Agreement

For single DCI based M-TRP PUSCH repetition Type B, support the following RV mapping,
· DCI indicates the first RV for the first PUSCH actual repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH actual repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the first actual repetition towards second TRP (The same method as PDSCH scheme 4). 
Agreement

Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 

· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 

· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 

· The feature is UE optional

Agreement
For M-TRP PUCCH scheme 1,  

· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)

Agreement
For M-TRP PUCCH scheme 1, 

· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  

· FFS: maximum repetition number can be extended to 16.

· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  

· FFS: other values.

· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 

Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 

· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 

· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.

· FFS: whether PUCCH resource group can be linked to power control parameter sets.

Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 

· FFS1: Details on linking SRI fields to two power control parameters, 

· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID

· Alt. 3: Let RAN2 handle this

· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.

· FFS2: Enhancements on open-loop power control parameter set indication

· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting

· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.

R1-2101900
Summary #2 of Multi-TRP for PUCCH and PUSCH
Moderator (Nokia)
Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 

· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 

· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT

Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.

Conclusion
For Multi-TRP PUCCH Scheme 1/3 at least containing HARQ ACK, supporting dynamic switching between multi-TRP PUCCH scheme and single-TRP PUCCH transmission is not restricted, and can be done by associating, 

· a PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource,
· or a PUCCH resource with one or two power control parameter sets and PRI bit-field indicating a PUCCH resource

FFS: Support of dynamic switching for Scheme 2 (if the schemes supported)

R1-2102060
Summary #3 of Multi-TRP for PUCCH and PUSCH
Moderator (Nokia)
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.

· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 

· FFS: Support dynamic switching the order of two TRPs

Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.

Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 

· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.

Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 

· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).

· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols

· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam

· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions

· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.

Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols

· Whether frequency hopping is performed among the repetitions with the same beam

· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource

1.1.2.2 Enhancements on Multi-TRP inter-cell operation

R1-2100039
Clarification on network synchronization for inter-cell multi-TRP operation
FUTUREWEI, InterDigital

R1-2100065
Synchronization Analysis for M-TRP Inter-cell Operation and RRC Configurations
InterDigital, Inc.

R1-2100120
Enhancement on inter-cell multi-TRP operation
OPPO

R1-2100210
Enhancements on inter-cell multi-TRP operations in Rel-17
Huawei, HiSilicon

R1-2100275
Enhancements on Multi-TRP inter-cell operation
Lenovo, Motorola Mobility

R1-2100287
Discussion on Multi-TRP inter-cell operation
ZTE

R1-2100345
Inter-cell operation for multi-TRP/panel
CATT

R1-2100423
Further discussion on inter-cell MTRP operation
vivo

R1-2100620
Enhancements on Multi-TRP inter-cell operation
LG Electronics

R1-2100638
Multi-TRP enhancements for inter-cell operation
Intel Corporation

R1-2100785
Discussion on enhancement multi-TRP inter-cell operation
Spreadtrum Communications

R1-2100846
Considerations on inter-cell operation
Sony

R1-2100966
Discussion of enhancements on Multi-TRP inter-cell operation
Asia Pacific Telecom, FGI

R1-2101007
Enhancements to enable inter-cell multi-TRP operations
Nokia, Nokia Shanghai Bell

R1-2101034
Enhancements on Multi-TRP inter-cell operation
CMCC

R1-2101094
Enhancement on Inter-cell Multi-TRP operations
Xiaomi

R1-2101144
Enhancement on Multi-TRP inter-cell operation
Ericsson

R1-2101188
Enhancements on Multi-TRP inter-cell operation
Samsung

R1-2101352
Views on Rel-17 Inter-cell multi-TRP operation
Apple

R1-2101448
Enhancements on Multi-TRP inter-cell operation
Qualcomm Incorporated

R1-2101599
Discussion on inter-cell multi-TRP operations
NTT DOCOMO, INC.

[104-e-NR-feMIMO-04] Email discussion on enhancements on multi-TRP intercell operation – Rakesh (vivo)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101829
Feature lead summary on Enhancements on Multi-TRP inter-cell operation
Moderator (vivo)
Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit

Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.
R1-2101934
Feature lead summary on Enhancements on Multi-TRP inter-cell operation
Moderator (vivo)
Agreement

At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit
R1-2102084
Feature lead summary#3 on Enhancements on Multi-TRP inter-cell operation
Moderator (vivo)

Possible Agreement (email discussion to finalize the details of the five options below)

For inter-cell MTRP operation,

Further discuss following options and down select in RAN1#104bis-e

Option1: Explicitly indicate non-serving cell PCI in the TCI state

· FFS other non-serving cell information

Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell

· FFS: how the flag is linked to non-serving cell

Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.
· Each group is associated with a CORESETPoolIndex value.

· FFS: how to link the group of TCI states to non-serving cell.

Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS
· Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …

· FFS: detailed re-indexing rule(s) of non-serving cell RSs 

Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with 

· FFS: how the indicator is linked to non-serving cell

· Note: when there is only one non-serving cell, it means the same as Option2.
1.1.2.3 Enhancements on beam management for multi-TRP

R1-2100040
Beam management for simultaneous multi-TRP transmission with multi-panel reception



FUTUREWEI

R1-2100066
Discussion on M-TRP Beam Management Enhancements
InterDigital, Inc.

R1-2100121
Enhancements on beam management for multi-TRP
OPPO

R1-2100211
Multi-panel reception for multi-TRP in Rel-17
Huawei, HiSilicon

R1-2100276
Enhancements on beam management for multi-TRP
Lenovo, Motorola Mobility

R1-2100288
Enhancements on beam management for Multi-TRP
ZTE

R1-2100346
Enhancements on beam management for multi-TRP
CATT

R1-2100424
Further discussion on MTRP multibeam enhancement
vivo

R1-2100589
Enhancements on beam management for multi-TRP
MediaTek Inc.

R1-2100621
Enhancements on beam management for multi-TRP
LG Electronics

R1-2100639
Multi-TRP enhancements for beam management
Intel Corporation

R1-2100739
Enhancements on beam management for multi-TRP
Fujitsu

R1-2100780
Enhancements on beam management for multi-TRP
AT&T

R1-2100786
Discussion on enhancements on beam management for multi-TRP
Spreadtrum Communications

R1-2100847
Considerations on beam management for multi-TRP
Sony

R1-2100951
Discussion on beam management for multi-TRP
NEC

R1-2100967
Discussion of enhancements on beam management for Multi-TRP
Asia Pacific Telecom, FGI

R1-2101008
Enhancements on Beam Management for Multi-TRP/Panel Transmission
Nokia, Nokia Shanghai Bell

R1-2101026
Discussion on beam management for multi-TRP
ASUSTeK

R1-2101035
Enhancements on beam management for multi-TRP
CMCC

R1-2101074
Enhancements on beam management for multi-TRP
ETRI

R1-2101095
Enhancement on beam management for Multi-TRP
Xiaomi

R1-2101189
Enhancements on beam management for multi-TRP
Samsung

R1-2101353
Views on Rel-17 multi-TRP BM enhancement
Apple

R1-2101416
On Per-TRP Beam Failure Recovery
Convida Wireless

R1-2101449
Enhancements on beam management for multi-TRP
Qualcomm Incorporated

R1-2101568
Discussion on beam management for multi-TRP
ITRI

R1-2101600
Discussion on beam management for MTRP
NTT DOCOMO, INC.

R1-2101686
On beam management enhancements for simultaneous multi-TRP transmission with multi-panel reception
Ericsson

[104-e-NR-feMIMO-05] Email discussion on enhancements on beam management for multi-TRP – Runhua (CATT)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101862
Moderator summary on M-TRP simultaneous transmission with multiple Rx panels (round 0)
Moderator (CATT)
Possible Agreement (to be resolved in week 1)
For beam measurement in support of M-TRP simultaneous transmission with multiple Rx panels

· Support at least option 2, where a single CSI-report consists of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 

· Support at least M = 2 and N=1 (NOTE: this is the Rel.16 configuration for group-based reporting)

· Support extending the maximum value of N > 1, exact value FFS

· Further study the support of option 1 and option 3 

Objected by Apple
Agreement
For M-TRP BFR

· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set

· FFS: value of N (e.g. fixed in specification, or UE capability)

· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)
R1-2101973
Moderator summary on M-TRP simultaneous transmission with multiple Rx panels (round 1)
Moderator (CATT)
Agreement
For M-TRP BFR 

Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details

Agreement
BFRQ response 

· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

Agreement
For BFRQ of M-TRP BFR

· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP

· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found

· Support at least indication of a single TRP failure 

· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE

· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)

· FFS: UE behavior when TRP failure status is different across cells

· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations

2153

Agreement
For beam measurement in support of M-TRP simultaneous transmission 

· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 

· Support M = 2

· Support extending the maximum value of N > 1, exact value FFS

· N=1 and N=2

· FFS: Other values larger than 2

· FFS: Whether the UE could report beams are received with different RX beams

· Further study the support of option 1 and option 3

· The above applies at least for L1-RSRP

· FFS: L1-SINR 

1.1.2.4 Enhancements on HST-SFN deployment
R1-2100041
Enhancement to support HST-SFN deployment scenario
FUTUREWEI

R1-2100067
Enhancements for M-TRP Transmission to Support HST-SFN in Rel-17
InterDigital, Inc.

R1-2100122
Enhancements on HST-SFN deployment
OPPO

R1-2100212
Enhancements for high speed train for multi-TRP in Rel-17
Huawei, HiSilicon

R1-2100289
Discussion on Multi-TRP HST enhancements
ZTE

R1-2100347
Discussion on enhancements for HST-SFN deployment
CATT

R1-2100425
Further discussion and evaluation on HST-SFN schemes
vivo

R1-2100622
Enhancements on HST-SFN deployment
LG Electronics

R1-2100640
Enhancements to HST-SFN deployments
Intel Corporation

R1-2100787
Discussion on enhancements on HST-SFN deployment
Spreadtrum Communications

R1-2100848
Considerations on HST-SFN operation for multi-TRP
Sony

R1-2100952
Discussion on HST-SFN deployment
NEC

R1-2100988
Enhancements for HST-SFN deployment
Lenovo, Motorola Mobility

R1-2101009
Enhancements for HST-SFN deployment
Nokia, Nokia Shanghai Bell

R1-2101036
Enhancements on HST-SFN deployment
CMCC

R1-2101143
Enhancement on HST-SFN deployment
Ericsson

R1-2101190
Enhancements on HST-SFN
Samsung

R1-2101354
Views on Rel-17 HST enhancement
Apple

R1-2101450
Enhancements on HST-SFN deployment
Qualcomm Incorporated

R1-2101601
Discussion on HST-SFN deployment
NTT DOCOMO, INC.

[104-e-NR-feMIMO-06] Email discussion on enhancements on HST-SFN deployment – Alexei (Intel)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
Agreement

Scheme 1 is supported in Rel-17

· TRS is transmitted in TRP-specific / non-SFN manner

· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner

· FFS other details

 

Agreement

For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS

 

Agreement

Two TCI states are supported for scheme 1 in FR2
Agreement

· Support MAC CE activation of two TCI states for PDCCH

· FFS other details

R1-2101865
Summary#1 of AI: 8.1.2.4 Enhancements on HST-SFN deployment
Moderator (Intel Corporation)
Possible Working Assumption
At least dynamic (DCI-based) switching of scheme 1 with legacy scheme is supported for PDSCH

· The following legacy scheme(s) support dynamic switching with Rel-17 scheme 1

· Alt 1-1: 1a/single-TRP
· FFS: Detailed signaling solution includingrestriction to have all DM-RS port in one CDM group, implicit indication, switching with TRP-based precompensation scheme (if supported), etc. 

· Note: Consideration on DCI overhead should be considered in the final design this feature

· Note: Switching among legacy schemes is the same as in Rel-16

· This functionality is configured using RRC signaling 

R1-2102056
Summary#2 of AI: 8.1.2.4 Enhancements on HST-SFN deployment
Moderator (Intel Corporation)
Updated working assumption 1-3: 

For HST-SFN scenario:

· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4

· Support dynamic (DCI based) switching of scheme 1 (PDSCH) with single TRP scheme 

· Separate UE capability will be introduced for the support of this feature

· Switching of scheme 1 (PDSCH) with 1a is supported by Option 1b + Option 2 (Change to FFS: Sony, OPPO, Vivo (+ Option 1a should be also considered), …)

· Option 1a: dynamic (DCI based) switching is supported for scheme 1 (PDSCH ) with 1a
· Option 1b: dynamic (DCI based) switching is supported for scheme 1 (PDSCH ) with 1a based on UE capability for support of dynamic switching

· Option 2: semi-static (RRC based) switching is supported for scheme 1 (PDSCH ) with 1a

· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

Working assumption:
· Specification based TRP pre-compensation scheme is supported in Rel-17

· FFS other details

· Continue evaluations of TRP pre-compensation scheme focusing evaluation on the following impairments:

· Frequency offset estimation accuracy

· Overhead of SRS or PUCCH/PUSCH

· Performance impact from delayed application of frequency offset

Concerns: Ericsson, Nokia/NSB, IDC, Qualcomm
2139
Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.
Agreement

For HST-SFN scenario:

· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4

· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

1.1.3 Enhancements on SRS flexibility, coverage and capacity

R1-2100042
Enhancements on SRS flexibility, coverage and capacity
FUTUREWEI

R1-2100068
Flexible SRS Transmission and Antenna Switching
InterDigital, Inc.

R1-2100123
Enhancements on SRS flexibility, coverage and capacity
OPPO

R1-2100213
Enhancements on SRS for Rel-17
Huawei, HiSilicon

R1-2100277
Enhancements on SRS
Lenovo, Motorola Mobility

R1-2100290
Enhancements on SRS flexibility, coverage and capacity
ZTE

R1-2100348
Discussion on SRS enhancement for Rel-17
CATT

R1-2100426
Further discussion on SRS enhancement
vivo

R1-2100590
Enhancements on SRS flexibility, coverage and capacity
MediaTek Inc.

R1-2100623
Enhancements on SRS flexibility, coverage and capacity
LG Electronics

R1-2100641
Discussion on SRS enhancements
Intel Corporation

R1-2100788
Considerations on SRS enhancement
Spreadtrum Communications

R1-2100849
Considerations on SRS flexibility, coverage and capacity
Sony

R1-2100953
Discussion on SRS enhancement
NEC

R1-2101010
Enhancements on SRS flexibility, coverage and capacity
Nokia, Nokia Shanghai Bell

R1-2101037
Enhancements on SRS flexibility, coverage and capacity
CMCC

R1-2101096
Discussion on SRS enhancements
Xiaomi

R1-2101191
Enhancements on SRS
Samsung

R1-2101355
Views on Rel-17 SRS enhancement
Apple

R1-2101451
Enhancements on SRS flexibility, coverage and capacity
Qualcomm Incorporated

R1-2101519
SRS Performance and Potential Enhancements
Ericsson

R1-2101538
Enhancements on SRS flexibility, coverage and capacity
Sharp

R1-2101602
Discussion on SRS enhancement
NTT DOCOMO, INC.

R1-2101684
Enhancements on SRS for coverage and capacity 
Fraunhofer IIS, Fraunhofer HHI

[104-e-NR-feMIMO-07] Email discussion on SRS flexibility, coverage, and capacity – Hao (ZTE)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101783
FL summary #1 on SRS enhancements
Moderator (ZTE)
Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values

· Support to transmit SRS only in [image: image1.png]\SRS.Bsps



 contiguous RBs in one OFDM symbol, where [image: image2.png]MRS, Bsgs



 indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the [image: image3.png]\SRS.Bsps



 RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.
Agreement
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.
R1-2101917
FL summary #3 on SRS enhancements
Moderator (ZTE)
Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples

· CAT A: Time-domain parameters

· A-1: Indication of available slot position, i.e., the t values

· A-2: Indication of slot offset

· A-3: Indication of SRS symbol-level offset

· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting

· CAT B: Frequency-domain parameters

· B-1: Indication of a group of CCs for SRS transmission

· B-2: Indication of frequency domain resource in a BWP for SRS transmission

· B-3: Indication of whether DL/UL BWP is applied for SRS transmission

· CAT C: Power control parameters

· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’

· FFS impact on power control, impact from triggering a group of CCs for SRS

· C-2: Indication of open loop power control parameter e.g., p0.

· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming

· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states

· Other examples are not precluded

Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.

· In DCI format 0_1/0_2 without data and without CSI request, 

· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH

· Alt 1-2: Re-purpose unused DCI field to indicate t

· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB

· FFS design details with other potential field(s)

· FFS: whether t can be slot offset

· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH

· Alt 2-1: t is indicated by adding a new configurable DCI field

· Alt 2-2: t is indicated without adding DCI payload

· Note: The size of DCI payload does not change dynamically

· Note: RAN1 should strive for unified solution for different DCI formats.

· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.

Agreement
Confirm the following WA with modifications

An “available slot” is a 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 UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.

· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.

· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.

· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

R1-2102079
FL summary #4 on SRS enhancements
Moderator (ZTE)

1.1.4 CSI enhancements: MTRP and FR1 FDD reciprocity

R1-2100043
CSI enhancement for multi-TRP and FDD
FUTUREWEI

R1-2100069
CSI Enhancements for the Support of NCJT MTRP
InterDigital, Inc.

R1-2100124
CSI enhancement for M-TRP and FDD reciprocity
OPPO

R1-2100214
CSI Enhancements for Rel-17
Huawei, HiSilicon, China Unicom

R1-2100291
CSI enhancements for Multi-TRP and FR1 FDD reciprocity
ZTE

R1-2100349
Further discussion on CSI enhancements for Rel-17
CATT

R1-2100427
Further discussion and evaluation on MTRP CSI and Partial reciprocity
vivo

R1-2100536
CSI enhancements on Type II PS codebook and multi-TRP 
Fraunhofer IIS, Fraunhofer HHI

R1-2100583
CSI enhancement for NCJT and FR1 FDD reciprocity
MediaTek Inc.

R1-2100624
CSI enhancements for Rel-17
LG Electronics

R1-2100642
On CSI enhancements for MTRP and FDD
Intel Corporation

R1-2100789
Discussion on CSI enhancement for multi-TRP and FR1 FDD reciprocity
Spreadtrum Communications

R1-2100850
Further considerations on CSI enhancements
Sony

R1-2100954
Discussion on CSI enhancement for multi-TRP
NEC

R1-2100989
CSI enhancements for mTRP and FDD reciprocity
Lenovo, Motorola Mobility

R1-2101011
Enhancement on CSI measurement and reporting
Nokia, Nokia Shanghai Bell

R1-2101038
Enhancements on CSI reporting for Multi-TRP
CMCC

R1-2101192
Views on Rel. 17 CSI enhancements
Samsung

R1-2101356
Views on Rel-17 CSI enhancement
Apple

R1-2101452
CSI enhancements: MTRP and FR1 FDD reciprocity
Qualcomm Incorporated

R1-2101603
Discussion on CSI enhancements
NTT DOCOMO, INC.

R1-2101687
CSI enhancements for Multi-TRP and FR1 FDD reciprocity
Ericsson

[104-e-NR-feMIMO-08] Email discussion on CSI enhancements: MTRP and FR1 FDD reciprocity – Min (Huawei)
· 1st check point: Jan 27
· 2nd check point: Feb 1
· 3rd check point: Feb 5
R1-2101884
Summary of CSI enhancements for MTRP and FDD (Round 0)
Moderator (Huawei, HiSilicon)
R1-2101885
Summary of CSI enhancements for MTRP and FDD (Round 1)
Moderator (Huawei, HiSilicon)

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2,  in RAN1# 104bis-e
· Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
· FFS candidate value(s)  of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain
R1-2101886
Summary of CSI enhancements for MTRP and FDD (Round 2)
Moderator (Huawei, HiSilicon)
R1-2102061
Summary of CSI enhancements for MTRP and FDD (Round 3)
Moderator (Huawei, HiSilicon)
Possible Agreement

For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Alt.3: Configure UE with two CMR groups with  Ks = K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 

· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.

· Note that the first M1 (or M2) CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses, the remaining CMRs (if any or need) are only used for single-TRP measurement hypotheses

· N CMR pairs are RRC configured by selecting from all possible pairs

· K1=M1, K2=M2, signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC CE indication is supported as well   
· Starting from M1=M2=1

· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis
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Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, 

· Alt 3-0, i.e. W1 ∈ N^{PCSI-RS  × K1} (K1 ≤ PCSI-RS ) is a port selection matrix in order to freely select K1 ports out of PCSI-RS CSI-RS ports or K1/2 ports out of PCSI-RS/2 CSI-RS ports 

· Note that PCSI-RS is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study).  
Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  

· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook 
· Option 3:[image: image5.png]


Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook 
Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 

· Configure UE with two CMR groups with Ks = K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 

· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.

· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses

· N CMR pairs are higher-layer configured by selecting from all possible pairs

· signalling mechanism can be discussed further, e.g. using a bitmap

· FFS: Whether MAC-CE or RRC+MAC CE indication is needed

· FFS: how to support NCJT measurement hypotheses in FR2

· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  

· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

Agreement
· Strive to agree at most one of the following options, if needed 

· Option 1: Confirm the Working Assumption from RAN1 103e. 

· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT

· The time of decision is RAN1#105e (May 2021)

Possible Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:

· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis

· Alt. 3: X = 0, 1, 2 (working assumption)
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups

· Support of X=2 is UE optional

· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses

· FFS how to report recommended measurement hypothesis associated with that CSI report
1.1.5 Others
R1-2100070
Further Results on Multi-Panel UE Performance in a Multi-TRP Deployment
InterDigital, Inc.

R1-2100278
HARQ feedback of SPS PDSCH reception in multi-DCI based multiple TRPs
Lenovo, Motorola Mobility

R1-2100292
Further details on Multi-beam and Multi-TRP operation
ZTE

R1-2100350
Evaluation of enhancements for multi-TRP
CATT

R1-2100428
Discussion on IRC receiver performance
vivo

R1-2100537
On FDD channel reciprocity in real-world scenarios
Fraunhofer IIS, Fraunhofer HHI

R1-2101193
Additional enhancements for multi-beam
Samsung

R1-2101274
Further details on CSI Enhancements for Rel-17
Huawei, HiSilicon, China Unicom

R1-2101318
Additional simulation results on multi-beam operation
Ericsson

R1-2101497
Further considerations for MIMO
Qualcomm Incorporated

Withdrawn

R1-2101604
Discussion on UL dense deployment
NTT DOCOMO, INC.

