
1 Introduction

This document simply provide an reference document to facilitate companies to trace and study remaining issues based on existing agreements back previous meetings and proposals on table up to current meeting. 
In section 2, existing agreements are compressed by removing redundancy of agreement text following RAN1 progress, and structured in a way which may be more readable. Some FFS and TBD are highlighted yellow as well. In section 3, original agreements per meeting are also included to trace progress and original context of agreements. 
2 Summary of Agreements Up to RAN1#98bis
2.1 Multi-PDCCH based M-TRP/panel transmission
PDSCH

For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2 and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, the UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell.
· FFS: Whether/how it is applied to single DCI based NCJT
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.

At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH. In case higher layer index per CORESET is configured, 

· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

PDCCH

For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs.
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs:  One CORESET in a “PDCCH-config” corresponds to one TRP.
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability

· For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.
· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g. taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.

· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the following principles for the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission: 

· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213;

· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on [image: image2.png]


   as described in subclause 10 in TS38.213;

·  (Bound derived from pdcch-BlindDetectionCA) When determining the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for total limits, [image: image3.wmf],
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  defined in 38.213, the number of DL serving cell(s) configured with multi-DCI based multi-TRP transmission is increased as r times. 

· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  [image: image4.wmf]m
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, are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP

· FFS bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG

· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the followings for the principles above: 
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 is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS [image: image13.png]
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 is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS [image: image17.png]


 

· The value range of r is [1, 2], and it depends on UE capability.

· 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 
· When UE does not provide pdcch-BlindDetectionCA, the value of N^cap_cells is a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP, and b is the number of configured DL serving cells with multi-DCI based multi-TRP.
· FFS: other conditions for UE capability reporting are applied to multi-DCI based multi-TRP transmission

· FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.

· FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.
· Note that how to capture above into the spec can be up to the editor.

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.

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
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.

PUCCH

Separate ACK/NACK Payload/Feedback:

For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, separate ACK/NACK payload/feedback for received PDSCHs is supported. For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  

· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET. Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. For dynamic codebook, counting DAI is independent for DCIs from CORESETs with different values of configured higher layer signaling indices. For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices. For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices. 

· FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT

· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP

· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.

· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16
· Above applies at least for FR1 

· For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback

· UE is allowed to transmit two TDMed long PUCCHs within a slot

· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot

· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot

· FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP

The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1:M], M=1

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. 

Joint ACK/NACK Payload/Feedback:

Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used.

For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:

· PUCCH resource determination: e.g. how the last DCI is determined at the UE

In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, HARQ-ACK information bits are concatenated by the increasing order of
· PDSCH reception occasion index at first

· and then serving cell index

· and TRP (i.e. higher layer index configured per CORESET (if configured))

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 

· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).

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]. 

For joint HARQ-ACK codebook among M-TRP, 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.

For issues related to PUCCH resources, study including: 

· FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs. With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets

· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

· For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW. All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs.  PUCCH resource groups are not needed.

· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.

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

Others:

· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 

· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs

· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

· FFS whether/how to support the value of K1 with sub-slot level granularity 

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

2.2 Single PDCCH based multi-TRP/Panel transmission

TCI indication framework shall be enhanced in Rel-16 at least for eMBB, i.e. each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· For TCI state configuration in order to enable one or two TCI states per a TCI code point, support MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.

Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB: 

· Antenna port field size is the same as Rel-15, at least for DCI format 1-1

· At least support following layer combinations from two TRPs indicated by antenna port field:

· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1

· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.

· Principle 2: No consensus to have additional specification support for MU cases

· Principle 3: No consensus to have additional specification support for two CWs

For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data 

When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 

· the first TCI state is applied to the first indicated CDM group

· the second TCI state is applied to the second indicated CDM group 

FFS: the definition of the first or second indicated CDM group

FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS

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.

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.

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

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

· 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.

2.3 Reliability/Robustness enhancement with Multi-TRP/Panel transmission

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

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
For multi-TRP specification support for URLLC, support following schemes for transmitting the same transport block from multiple TRPs. 

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 

· Scheme 1a:  

· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 

· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 

· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· FFS: Whether additional specification impact is necessary for URLLC

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  

· Each non-overlapped frequency resource allocation is associated with one TCI state. The number of TCI states is 2.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations. Indicated DMRS ports are from one CDM group.
· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

· Scheme 2a: 

· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 

· Support up to 2 transmission layers for scheme 2a 

· Scheme 2b: 

· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.

· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 

· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· 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.  

· For a RV sequence to be appliefd 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)

· Scheme 2a and 2b have separate UE capabilities.

· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.

· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

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.

For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 

· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 

· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  Indicated DMRS ports are from one CDM group.

· RV/TCI state can be same or different among transmission occasions. 

· 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 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

· FFS channel estimation interpolation across mini-slots with the same TCI index

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 

· Each transmission occasion of the TB has one TCI and one RV.  

· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s). Indicated DMRS ports are from one CDM group.

· RV/TCI state can be same or different among 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.

· For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.
· 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
· 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.

· 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
· FFS channel estimation interpolation across slots with the same TCI index

· FFS any restrictions/modification of supporting scheme 3/4 for FR2

· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH

· For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 

· The supported maximum TBS size is dependent on UE capability 

· The maximum number of TCI states is 2 

· Resource allocation in time domain:

· Support same number of consecutive symbols scheduled for transmission occasion 

· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed

· Resource allocation at frequency domain:

· Same frequency domain resource allocation across repetitions as Rel-15 

· For scheme 3 

· All transmission occasions are in a single slot by NW implementation without dropping. 

· FFS for DL/UL switching within the slot 
· LDPC base graph and TBS shall be same across repetition. 

3 Original Agreements Up to RAN1#98bis

RAN1 #94bis

Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

RAN1 #95

Agreement

For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16

· Applies for eMBB

Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 

· Multiple PDCCH enhancements/restrictions, including following 

· #xx1: PDSCH scheduling restriction/indication, e.g. 

· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 

· no/partial/full PDSCH overlapping at T/F domains, considering 

· associated rate matching mechanism 

· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 

· #2: Configurations and monitoring of multiple PDCCH, e.g. 

· CORESET/search space configurations (including configuration details) for multi-TRP reception 

· The number of BD/CCE for multi-TRP reception  

· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 

· Associated DCI format/fields

· Applicability to non-ideal backhaul and ideal backhaul 

· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH

· UL control enhancement 

· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 

· separated A/N payload/DAI for PDSCH transmitted by different resources

· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 

· whether/how to do joint A/N payload considering the applicability of backhaul assumption 

· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 

· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 

· Whether/how to use joint CSI reporting and associated reporting resource

· Whether and how to enhance HARQ, e.g.

· Increasing the number of HARQ

· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.

· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 

Agreement

Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul

· For PDSCH/PUSCH where the same TB is transmitted including

· #1: the number of TRP/panel/beams

· #2: Configuration/indication mechanism of TB repetition

· Other enhancements are not excluded.

· For PDCCH/PUCCH

· #1: the number of TRP/panel/beams

· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case

RAN1 Ad-Hoc Meeting 1901

Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

· X=2

· FFS: X=3

Agreement

For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

Agreement

For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 

· Separate ACK/NACK payload/feedback for received PDSCHs is supported

· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback

· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 

· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

Other restrictions are not excluded, for example BWP switching

Agreement

TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 

· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· FFS design for DMRS type 2

· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement

For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

· For further study:

· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.

· Whether to support mini-slot PDSCH repetitions 

· Signalling mechanism 

· Companies to consider how the schemes apply for FR1 and FR2

· Whether the number of repetitions can be larger than the number of TCI states (n)

· Further clarification for each scheme can be elaborated in RAN1 96 

· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations

· SFN transmission based on Rel-15 from multi-TRP with single TCI state

· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs

· Note that supporting multiple schemes in Rel-16 is not excluded.  

· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

RAN1 #96

Agreement

For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

Agreement

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 

· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement

For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 

· to be discussed and down-selected in RAN1#96bis

Agreement

For TCI state configuration in order to enable one or two TCI states per a TCI code point,

· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.

· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
R1-1903637
Draft LS on support of Enhancements on multi-TRP/panel transmission

The draft LS is endorsed in R1-1903697 with updates on new RAN1 agreements.

Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2

Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 

· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 

· FFS: the format of PUCCH from multiple TRP shall be same or different 

For issues related to PUCCH resources, study including: 

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.

· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 

· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs

· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

Include in LS to RAN2

Agreement by Email Discussion [96-NR-09]

To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 

·         Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 

§  Scheme 1a:  

·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 

·         Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 

§  Scheme 1b: 

·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).

·         Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.

·         FFS: codeword-to-layer mapping when total number of layers <= 4

§  Scheme 1c: 

·         One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
§  Applying different MCS/modulation orders for different layers or layer sets can be discussed.

·         Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  

§  Each non-overlapped frequency resource allocation is associated with one TCI state.

§  Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
§  Scheme 2a: 

·         Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 

§  Scheme 2b: 

·         Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.

§  Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.

§  Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 

· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 

· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across mini-slots with the same TCI index

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 

· Each transmission occasion of the TB has one TCI and one RV.  

· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across slots with the same TCI index

Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.

Note: Support of number of layers per TRP may be discussed

RAN1 #96bis

Agreement

At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 

· Alt 1: enhance c_init, FFS detailed design in RAN1 97

· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
Agreement

For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability

· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Above applies at least for FR1 

Agreement 

Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 

· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Agreement

For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]

· FFS any restrictions/modification of supporting scheme 3/4 for FR2

· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH

· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC

· On the support of schemes 2a, 2b

· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters

· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)

Conclusion

No consensus in RAN1 on the support enhancing codeword layer mapping, by which transmission layers from each TRP can be mapped to a separate codeword when the total number of layers is ≤4.

Agreement

For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW.

· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 

· how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 

· PUCCH resource groups are not needed.

· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

Email discussion until 17th of April to be coordinated by Min (Huawei) on simulation parameters for multi-TRP based URLLC scheduled by single DCI. As a starting point for discussions: 

· The number of PRBs: 8, 16, 24, 40

· Target coding rates:  MCS6~=0.12, MCS8~=0.19, MCS12~=0.44, MCS14~=0.6 in MCS Table 5.1.3.1-3 

· Above target coding rate is for scheme 2a. Each CW in scheme 2b have twice the target coding rate.

· The number of layers: 1-2 layers 

· The angles of AOD, ZOD, AOA, ZOA are generated by a fixed random seed in one frame(10ms) to keep channel continuity, but the seed is changed one frame by one frame to keep angles uniformly distributed;

· TDL-C with delay spread 100ns, CDL-C and CDL-D with delay spread =100ns/300ns

Agreement by Email Discussion [96-NR-09]

· The number of PRBs: 8, 40
· Target coding rates:  

· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3

· Above target coding rate is for scheme 2a for layer 1 transmission. 

· Each CW in scheme 2b have twice the target coding rate.

· Number of Tx/Rx ports: 

· To be reported by proponent company

· The number of layers: 

· 1 or 2 layers

· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission. 

· LLS models: 

· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 

· DMRS configuration: 

· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company

· UE speed: 

· 3km/h

· Inter-TRP frequency(time) offsets: 
· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling mechanism for phase offset are reported by proponent company. 

· Baseline scheme: 

· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company. 
RAN1 #97

Agreement

For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 

· FFS: How to define capability per TRP 

· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.

Agreement

· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  

· FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1

· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used

· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.

· FFS, additional specification impact from Rel-15
· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16
Agreement

· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET

· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP

· This does not preclude configuring the index for other purposes

· Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 

· Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index

· Email discussion on generation of separated ACK/NACK codebook and joint ACK/NACK codebook  - by 31st of May (Min, Huawei)
Agreement 

Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB

· Antenna port field size is the same as Rel-15, at least for DCI format 1-1

· At least support following layer combinations from two TRPs indicated by antenna port field:

· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1

· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 

· 1+3 and/or 3+1

· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE

· Two CWs for the case of total layers of NCJT reception more than 4

Agreement

For M-TRP based URLLC, support both 2a and 2b 

· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 

· Support up to two-layer transmission 

· In the case of one layer, up to two CBs per CW 

· In the case of two layers, one CB per CW 

· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

Agreement

For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· The maximal number of transmission layers per transmission occasion, down-select one from the following options:

· Option 1: up to single layer transmission 

· Option 2: up to two layers transmission 

· PDSCH repetition indication mechanism:

· Number of repetitions, down-select one from following options:

· Option 1: Dynamic indication

· Option 2: High-layer configured as Rel-15 

Email discussion to finalize the details of different alternatives on URLLC for M-TRP. Use the following as starting point for discussion - by 7th of June. (Min, Huawei)

· For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· Resource allocation in time domain:

· FFS for further details 

· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed

· FFS: whether the same number of symbols should be used for each repetition

· Resource allocation at frequency domain:

· Same frequency domain resource allocation across repetitions as Rel-15 

· For the number of TCI states across PDSCH repetitions, down-select one from following options:

· Option 1: up to 2  

· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB

· Option 2: up to 4 

· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 

· Option 2-2: Dedicated TCI field is not needed. 

· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. 

· One codepoint in joint field to indicate up to 4 TCI states and corresponding RV sequences.

· RV sequences for PDSCH repetitions 

· Option 1: support Rel-15 RV sequences at least 

· FFS whether RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are needed in Rel-16

· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec. 

· FFS how to map indicated TCI states and RV sequences to transmission  occasions

· Eg. Support Rel-15 RV sequence per TRP

· LDPC base graph and TBS shall be same across repetition. 

Agreement

At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH
· FFS details including how to associate dataScramblingIdentityPDSCH with TRPs
Agreement

For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 

· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell

· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH

· FFS: Whether/how it is applied to single DCI based NCJT

[97-NR-08] – Min (Huawei)

· If the higher layer signaling index per CORESET is configured, when generating separated ACK/NACK codebook across all CCs for M-DCI based multi-TRP/panel transmission: 

· Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. 

· FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT

· For dynamic codebook, counting DAI is independent for DCIs from CORESETs with different values of configured higher layer signaling indices

· For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices

· For PUCCH resource determination, the last DCI among DCIs, if values of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission with slot-level granularity of K1, is determined independently for DCIs from CORESETs with different values of configured higher layer signaling indices

· Note that this does not preclude configuring the index for other purposes.

· For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:

· HARQ-ACK bit multiplexing: e.g. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs,  or HARQ-ACK from TRP-0 and TRP-1 are interlaced across different CCs

· PUCCH resource determination: e.g. how the last DCI is determined at the UE

· DAI: e.g. DAI is applied per TRP or cross two TRP for dynamic A/N codebook

· Further study on mechanism and conditions for when/how to switch between joint and separated ACK/NACK feedback within a slot, considering one or the combination of the following alternatives:

· Alt 1: a new RRC signaling is to switch between joint feedback and separate feedback.

· Alt2: if configured higher layer signaling indices in the CORESETs corresponding to different TRPs have different values, the UE shall use separated ACK/NACK feedback, otherwise (including indices are not configured) the UE shall use joint A/N feedback as Rel-15.

· Alt 3:depending on reported UE capability signaling of informing the maximum number of transmitted PUCCH resources for HARQ-ACK within a slot [or sub-slot], e.g. if UE reports “1” for the UE capability signaling, joint A/N feedback will be always used within a slot for M-DCI NCJT;

· Alt 4: UE switches between joint feedback or separate feedback depending on whether the indicated PUCCH resources for two TRPs are overlapped or not (reusing Rel-15 rule as much as possible); 

· FFS whether/how to support the value of K1 with sub-slot level granularity 

· FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98) 

· Note that for M-DCI based multi-TRP/panel transmission, it is encouraged to minimize spec impact for supporting both separate A/N feedback and joint A/N feedback when the higher layer signaling indices for CORESETs are configured

[97-NR-09] – Min (Huawei)

Email discussion to finalize the details of different alternatives on URLLC for M-TRP. Use the following as starting point for discussion - by 7th of June.

· For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· Resource allocation in time domain: 

· FFS for further details 
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed

· FFS: whether the same number of symbols should be used for each repetition

· Resource allocation at frequency domain: 

· Same frequency domain resource allocation across repetitions as Rel-15 

· For the number of TCI states across PDSCH repetitions, down-select one from following options: 

· Option 1: up to 2  

· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB

· Option 2: up to 4 

· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 

· Option 2-2: Dedicated TCI field is not needed. 

· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. 

· One codepoint in joint field to indicate up to 4 TCI states and corresponding RV sequences.

· RV sequences for PDSCH repetitions 

· Option 1: support Rel-15 RV sequences at least 

· FFS whether RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are needed in Rel-16

· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec. 

· FFS how to map indicated TCI states and RV sequences to transmission  occasions 

· Eg. Support Rel-15 RV sequence per TRP

· LDPC base graph and TBS shall be same across repetition. 

RAN1 #98

Agreement

In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 

· HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and TRP (i.e. higher layer index configured per CORESET (if configured))

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Agreement

In case higher layer index per CORESET is configured, 

· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Conclusion

For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, there is no consensus to increase the maximum number of HARQ process in Release 16
Agreement

For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 

· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.

· Principle 2: No consensus to have additional specification support for MU cases
· Principle 3: No consensus to have additional specification support for two CWs

Agreement

For single-DCI based M-TRP URLLC scheme 2a and 2b: 

· The number of TCI states is 2

· Support up to 2 transmission layers for scheme 2a 

Agreement

For single-DCI based M-TRP URLLC scheme 3 & 4 

· The maximum number of TCI states is 2

· Resource allocation in time domain:

· Support same number of consecutive symbols scheduled for transmission occasion 

· For scheme 3 

· All transmission occasions are in a single slot by NW implementation without dropping. 

· FFS for DL/UL switching within the slot  

Agreement

For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 

· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

Agreement

For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 

· The supported maximum TBS size is dependent on UE capability 

Agreement

PDSCH repetition indication mechanism: 

· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis

· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions

· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis

· Option 1: It is dynamically indicated 

· Option 2: By high-layer signaling following Rel-15 mechanism 

Email discussion on the details of PDSCH repetition indication mechanism by 6th of September, Min (Huawei)
Agreement

For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis

· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 

· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
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]. 

Agreement

With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis

· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets

· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

Agreement

For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.
Email discussion on the following description (RED) of BD/CCE restriction for multi-DCI based multi-TRP transmission by 20th of September, Min (Huawei)
For the UE supporting multi-DCI based multi-TRP transmission, 

· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”), the maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot for a DL BWP is no greater than the Rel.15 limit.  

· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on  
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  defined in 38.213,  for a serving cell configured with multi-DCI based multi-TRP transmission are increased as r times the numbers for a serving cell configured with single-DCI based transmission
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  
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, are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
Agreement

At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs

· Alt2: configured CRS patterns which are associated with a higher layer signalling 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.

Agreement

For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback

· UE is allowed to transmit two TDMed long PUCCHs within a slot

· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot

· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot

FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP

Agreement

When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 

· the first TCI state is applied to the first indicated CDM group

· the second TCI state is applied to the second indicated CDM group 

FFS: the definition of the first or second indicated CDM group

FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS

Agreement

For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.

[98-NR-18] – Min (Huawei)
Agreement on PDSCH repetition indication mechanism: 
· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 

· Option 1: It is dynamically indicated 

· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC

· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.

· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7,  2/4/6 for L = 2.  FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.

· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 

· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  

· FFS: whether/how X>1 to be supported  

· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 

· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 

· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.

· Option 2: By high-layer signaling following Rel-15 mechanism 

[98-NR-19] – Min (Huawei)
Agreement:

· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the following principles for the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission: 

· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213;

· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on [image: image23.png]


   as described in subclause 10 in TS38.213;

·  (Bound derived from pdcch-BlindDetectionCA) When determining the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for total limits, [image: image24.png]


  defined in 38.213, the number of DL serving cell(s) configured with multi-DCI based multi-TRP transmission is increased as r times. 

· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  [image: image25.png]
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, are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP

· FFS, bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG

· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the followings for the principles above: 
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 is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS [image: image34.png]
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 is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS [image: image38.png]


 

· The value range of r is [1, 2], and it depends on UE capability.

· 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 
· When UE does not provide pdcch-BlindDetectionCA, the value of N^cap_cells is a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP, and b is the number of configured DL serving cells with multi-DCI based multi-TRP.
· FFS: other conditions for UE capability reporting are applied to multi-DCI based multi-TRP transmission

· FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.

· FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.

· Note that how to capture above into the spec can be up to the editor.

RAN1 #98bis

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
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
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)

R1-1911524
[DRAFT] Reply LS on single PDCCH-based multi-TRP operation
Huawei

Agreement
Capture the following in the reply LS to RAN2 on single PDCCH based mTRP operation. LS is endorsed 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.

R1-1911471
Summary of Proposals for M-TRP Offline Section on Tuesday
Huawei, HiSilicon

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
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
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
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
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

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

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

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.

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

