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The following agreements have been made in RAN1#98bis on multi-TRP enhancements [1]:
On Multiple-PDCCH based multi-TRP/Panel transmission
Agreement
For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  
· DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
Agreement
The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1:M], 
· M=1
Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET
· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET
· FFS: Details on association
Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP. 
Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signalling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs
FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.
Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.
Conclusion
The following is not supported in Rel-16 due to lack of consensus and time:
· Enhancement on TCI framework by indicating SSB/PCI from a non-serving cell for multi-TRP/panel transmission for an inter-cell scenario
Conclusion
For the purpose of identifying a DL serving cell used for multi-DCI based multi-TRP transmission, there is no consensus to introduce a new RRC parameter.
Conclusion
Whether to support multi-DCI based FDM scheme with repetition has no RRC impact. Further details of RAN1 spec impact can be further discussed in RAN1#99 meeting.

On Single-PDCCH based multi-TRP/Panel transmission

Agreement
When 2 TCI states are indicated by a TCI code point, for DMRS type 1 and type 2 for eMBB and URLLC scheme-1a, if indicated DMRS ports are from two CDM groups, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.
Agreement
For single-PDCCH based multi-TRP/Panel transmission, the number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled.
Agreement
For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data 

Agreement
Capture the following in the reply LS to RAN2 on single PDCCH based mTRP operation. LS is approved in R1-1911550.
· For question 1 from RAN2
· Answer: From RAN1 perspective, MAC CE based enhancement is preferred so that the pairing of the TCI states can be flexible. Each TCI state can be dynamically paired with another TCI state, assuming dynamic here means pairing via MAC-CE. From RAN1 perspective, some restrictions on pairing may be introduced but this will not impact RAN2 work.
· For question 2 from RAN2, the following agreement has been made. To be used as answer of question 2

Agreement
The maximum number of activated TCI states in mTRP operation is 8. The number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled. The total number of simultaneously activated TCI states is up to 8.
Agreement
The gNB can configure UE to use Rel-15 BD/CCE limits regardless of UE capability signalling on BD/CCE limit enhancement
· FFS: Whether RRC signalling is needed

Agreement
Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  
· RRC signalling is used to configure the two PTRS ports
· Note that whether supporting two PTRS ports is subject to UE capability
· FFS: Applicability for other cases

On multi-TRP for URLLC single DCI
Agreement
For single-DCI based M-TRP URLLC scheme 2b
· The RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to PDSCH associated with the second TCI state.  

Agreement
For single-DCI based M-TRP URLLC scheme 2b
· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 
· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)

Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
· The maximum number of repetition is FFS.
Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99
· FFS: Any restrictions on the possible value pairs for K and SLIV
Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.
Agreement
For single-DCI based M-TRP URLLC scheme 4, RVid indicated by the DCI is used to select a RV sequence to be applied to transmission occasions
· whereas RV sequences are the same with Table 5.1.2.1-2 in Rel-15 NR

Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.
Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not

Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 
· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion

In this contribution we provide our views on the remaining issues for multi-PDCCH based multi-TRP and single-PDCCH multi-TRP, as pertaining to operation in FR2 bands.

Enhancements Related to Multi-TRP/Panel Transmission Operation in FR2

Multi-TRP operation in FR2 can be beneficial for increased capacity as well as increased robustness through repetition across the two TRPs in a multi-TRP for reliability type scenario. Although the beam management framework in Rel. 15 allows for a given implementation of multi-TRP in FR2, through relying on group-based beam reporting, which allows the UE to report on beams received simultaneously, much needs to be optimized for a better operation of multi-TRP in FR2.  
In RAN#98bis, some enhancements to enable multi-TRP/panel transmission with multi-DCI and single DCI in FR2 have been discussed. In this section, we present our views on features that further need to be taken into account for better operation of multi-TRP in FR2. 

Default TCI State
In Rel. 15 beam management DL-TCI framework, the following was agreed on the TCI states for downlink channels. “For both the cases when tci-PresentinDCI is set to ‘enabled’ and tci-PresendinDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationforQCL, the UE may assume that the DMRS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE” [2, 5.1.5]. 
The Rel. 15 framework does not consider multi-TRP/panel transmission when defining QCL assumptions for PDSCHs. 
Consider for example the case when two PDSCHs, PDSCH1 and PDSCH2 are sent from two TRPs, TRP 1 and TRP2, respectively. When the scheduling offset is below the timeDurationforQCL threshold, PDSCH is assumed to use a QCL assumption that is based on a default TCI state, corresponding to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot. When only one default TCI state is defined, and both PDSCH1 and PDSCH2 are sent with a scheduling offset below the set threshold, both PDSCH1 and PDSCH2 can use QCL assumption based on the only defined default TCI, say for example corresponding to TRP1. This might result in an error in decoding PDSCH2, for example, given that PDSCH2 corresponds to a transmission from a different TRP/panel, and has a different QCL than PDSCH1. Hence PDSCH2 cannot default to the same default TCI state and same QCL assumption as PDSCH1.  
For the case of multi-DCI based multi-TRP transmission, one can define two default TCI states corresponding to two PDSCHs, following the higherLayerIndexforCORESET. If the CORESETs are divided per TRP according to the higherLayerIndexforCORESET, then each PDSCH can use the QCL assumption corresponding to the TCI state used for control channel QCL indication for the lowest CORESET ID monitored in the last slot among the CORESETs corresponding to that higherLayerIndexforCORESET. 
We thus support the following proposal that was given offline by the FL in RAN1#98bis [3], for multi-DCI based multi-TRP operation in FR2. 
Proposal 1: For multi-DCI based multi-TRP, if the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, UE could assume that the DMRS ports of PDSCH are QCL-ed with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH of the lowest CORESET index among CORESETs configured with the same value of HigherLayerIndexPerCORESET. 
For the case of single-DCI based multi-TRP transmission, enhancements need to be made to determine two default TCI states for multi-TRP transmission among the defined TCI codepoints. The following proposal was made by the FL in RAN1#98bis [3] to down-select between options of defining default TCI states for single DCI based multi-TRP. 
Proposal (RAN1#98bis)
For single-DCI based Multi-TRP/panel transmission with at least one of configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD', 
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following: 
Option 1: the TCI state(s) are associated to the lowest codepoint among TCI codepoint(s) containing the Rel-15 default TCI-state
Option 2: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to the second 2nd TCI state from the lowest TCI codepoint containing 2 TCI states 
Option 3: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to the lowest TCI codepoint applicable to the PDSCH reception
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDCCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following: 
Option 4: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to additionally activated TCI state for that CORESET wherein only quasi co-location information from the first TCI state is assumed for PDCCH reception in a respective CORESET. 
Option 5: When 2 TCI states are indicated by a TCI code point, the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold TimeDurationForQCL.
Option 6: Reuse the Rel-15 default TCI-state for all configured CDM group(s).
FFS study whether/how default assumptions should be enhanced for FR1.

We believe that this is a critical issue to be addressed for multi-TRP operation in FR2, and hence both options 5 and 6 can be ruled out, as they can’t address the problem for multi-TRP for both eMBB and URLLC for FR2.
Furthermore, to keep the Rel. 15 TCI state framework, any option to be agreed should choose the TCI codepoint that contains the TCI state corresponding to the lowest CORESET ID, in accordance with the Rel. 15 default TCI state framework. Both options 1 and 2 can be supported for multi-DCI based multi-TRP operation in FR2. 
Note that this can be equally applicable to FR1 and FR2. 
Proposal 2: For single DCI based multi-TRP, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, two default TCI states should be defined.
Proposal 3: The first TCI state is associated to the lowest CORESET ID in accordance with Rel. 15 TCI framework.   

UL ACK/NACK Feedback with Multi-DCI based Multi-TRP
The following agreement was made in RAN1#98 on switching between separate and joint ACK/NACK feedback for M-DCI based multi-TRP/panel transmission:
Agreement
In order to switch between joint and separated ACK/NACK feedback within a slot, 
· RRC signaling is used to switch between joint feedback and separate feedback
· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 

The ACK/NACK feedback enhancements for multi-TRP with M-DCI do not consider optimizations related to FR2. Some of the configurations that one can have with sending UL feedback to two TRPs for FR2 might be ruled out due to UE capability or no standard support. One straightforward solution is to enable only separate ACK/NACK feedback with TDMed resources for the two TRPs, for FR2. This would require no further enhancements beyond what is in Rel. 15. It is desirable, however, to keep the same framework across both FR1 and FR2, such that it is possible to switch between joint and separated ACK/NACK feedback, according to an agreed mechanism and conditions for switching. Hence, we propose to enable both separate HARQ-ACK codebooks and joint HARQ-ACK codebook for multi-TRP transmission in FR2. How to enable joint HARQ-ACK codebook transmission for multi-DCI based multi-TRP should be further discussed.
Observation 1: For multi-TRP transmission in FR2, simultaneous transmission of separate HARQ/ACK feedback might not be possible 
Proposal 4: For multi-TRP transmission with M-DCI in FR2, support switching between separate HARQ/ACK feedback and joint HARQ-ACK feedback 
Early Beam Failure Indication
Another topic of importance for FR2 is how and when to indicate that a transmission failed from the second TRP. In fact, blockage, be it self blocking or environment blocking is one of the main problems for operation in FR2, and it is detrimental to multi-TRP operation. Rel. 15 beam failure procedure is triggered only when all the CORESETs have failed. For the case of multi-TRP transmission, when transmission on one of the TRPs fail, it is beneficial for the network to know immediately that a transmission failed on one TRP, to switch to a single TRP transmission. Early beam failure indication on the working CORESETs of the non-failed TRP is thus important.  
Observation 2: Early beam failure detection on the second TRP is beneficial to indicate to the network to switch to single TRP transmission. 
Beam failure can be indicated on the working TRP on the PUCCH in combination with the UL ACK/NACK feedback, or in combination with the CSI feedback. It can also be indicated on the PUSCH or using a dedicated RACH.
Proposal 5: Beam failure detection on one TRP can be indicated in conjunction with the uplink control on the other TRP
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In this contribution we described our views on enhancements for Release 16 MIMO WI related to multi TRP/Panels, especially related to FR2. We made the following observations and proposals:
Observation 1: For multi-TRP transmission in FR2, simultaneous transmission of separate HARQ/ACK feedback might not be possible 
Observation 2: Early beam failure detection on the second TRP is beneficial to indicate to the network to switch to single TRP transmission. 
[bookmark: _Ref450342757]Proposal 1: For multi-DCI based multi-TRP, if the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, UE could assume that the DMRS ports of PDSCH are QCL-ed with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH of the lowest CORESET index among CORESETs configured with the same value of HigherLayerIndexPerCORESET. 
Proposal 2: For single DCI based multi-TRP, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, two default TCI states should be defined.
Proposal 3: The first TCI state is associated to the lowest CORESET ID in accordance with Rel. 15 TCI framework.   
Proposal 4: For multi-TRP transmission with M-DCI in FR2, support switching between separate HARQ/ACK feedback and joint HARQ-ACK feedback 
Proposal 5: Beam failure detection on one TRP can be indicated in conjunction with the uplink control on the other TRP
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