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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, some remaining issues that are not included in FL summary are summarized and categorized at high level due to limited support or discussion. Therefore section 2 is only for the information purpose of RAN1 progress to be done in the future, i.e. RAN1 99, if companies consider them to be a valid point of discussion. 

In section 3, 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. Therefore section 3 is only for the information purpose of RAN1 progress up to now.     

2 Opening issues for Enhancements on Multi-TRP/Panel Transmission 
2.1 Multi-PDCCH based M-TRP/panel transmission
PDCCH

· DCI formats of multi-PDCCH based multi-TRP/panel transmission, i.e. whether DCI format 1_0 can be used and potential spec impacts.
· Proposed by OPPO, LG, Ericsson
Uplink

· UE processing time and out-of-order HARQ/Scheduling restrictions
· Proposed by QC, HW, Intel
· Sub-slot based HARQ-ACK feedback, e.g. extra enhancements/restrictions based on eURLLC agreements if it’s supported for eMBB.
· Proposed by Samsung
· Whether to have dedicated RRC parameter for switching between separate and joint feedback
· Proposed by Vivo, Samsung
FR2

· Whether to support independent activation of TCI states in MAC CE of two TRPs

· Proposed by OPPO, Lenovo

· Priority rules of PDSCHs received by single panel UE

· Proposed by OPPO, LG
2.2 Single PDCCH based multi-TRP/Panel transmission
· Whether/how to enhance CSI measurement/feedback/reporting 
· Proposed by CATT, Nokia, ZTE

· Whether/how to enhance rate matching for single PDCCH based M-TRP (to be treated jointly with M-DCI)

· Proposed by Ericsson, DOCOMO, ZTE
2.3 Reliability/Robustness enhancement with Multi-TRP/Panel transmission
· Whether to support channel estimation interpolation between/among PDSCH repetitions with same TCI state index for URLLC scheme 3/4

· Proposed/discussed by Vivo, CATT, HW and Objected by Lenovo 

3 Summary of Agreements Up to RAN1#98
3.1 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
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.

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.

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

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 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.

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 

3.2 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

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

3.3 Reliability/Robustness enhancement with Multi-TRP/Panel transmission
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 
· 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

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. 

· 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. 

· 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
· 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 

· 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 

· 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

· 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. 


