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1 Introduction

In RAN1#98 meeting [1], the following agreements on multi-TRP transmission were achieved. 
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.

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

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.
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.

In this contribution, we provide our considerations on designs of multiple PDCCH based multi-TRP transmission with non-ideal/ideal backhaul, reliability/robustness enhancement and single PDCCH based multi-TRP transmission in the following sections respectively. 

2 Multiple PDCCH based multi-TRP/Panel transmission
For M-DCI based NCJT operation, uplink design, especially for HARQ-ACK codebook generation mechanism, is essential. For downlink, several remaining details are worth discussing for more efficient network and UE implementation. 
2.1 Uplink design for M-DCI NCJT

2.1.1 Remaining Issues on HARQ-ACK Codebook Generation/Transmission
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 Figure 1 Generation of joint HARQ-ACK codebook
For Type-II joint codebook, the UE can concatenate separated HARQ-ACK information into single payload according to HigherLayerIndexPerCORESET as shown in Figure 1. Therefore the UE behavior for Type II joint codebook can be similar to type-I joint codebook agreed in RAN1#98 meeting, and the difference between joint and separate codebook can be minimized for UE implementation. In this case, the DAI used to determine the HARQ-ACK codebook can be counted separately. 
One may consider better robustness of DAI if counting across two TRPs, i.e. if last PDCCH from TRP1 (e.g. associated with smaller HigherLayerIndexPerCORESET) is missed, there may be misunderstanding of codebook size between the gNB and UE. However, according to 38.101-4, for PDCCH performance test, the average probability of a missed downlink scheduling grant (Pm-dsg) is rather low, i.e. 1%. Therefore for HARQ-ACK information generated per TRP, the problem related to mismatched codebook size between gNB and UE only occurs when both TRPs transmit one total DAI per TRP in its last PDCCH occasion but one of them fail. That is, if at least one of TRPs transmits more than one total DAIs in the last occasion, the problem of codebook size mismatch would have extremely low probability and may occur only when all PDCCHs fail to be detected in that last occasion. 
On the other hand, if DAI is counted across TRP, tight coordination should be maintained between TRPs. The TRPs needs to have extremely frequent coordination at each TTI and across each CCs, which limits application of joint dynamic codebook. Even if it’s to be supported, Rel-15 behavior needs to be enhanced, i.e. the UE needs to determine how to arrange bits per PDCCH monitoring occasion, as there could be two PDCCHs received at one occasion. For example, one option is that TRP ordering is fixed, e.g. by ascending order of associated HigherLayerIndexPerCORESET. Then the pseudo code of type II codebook can be enhanced that within one PDCCH monitoring occasion, the UE needs to generate HARQ-ACK bits according to each HigherLayerIndexPerCORESET, e.g. with adding subscript to 
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Proposal 1: For joint dynamic HARQ-ACK codebooks, support Alt 2 whereas HARQ-ACK information bits for each TRP (identified by associated HigherLayerIndexPerCORESET) are sorted following Rel-15 procedure, and then HARQ-ACK information bits for two TRPs are concatenated by the ascending order of index values. 
For Type-I HARQ-ACK codebook, bits organization has been agreed with some remaining details to be clarified. In Rel-15, there are two steps to generate type-I HARQ-ACK codebook. 
· The UE firstly determines a set of PDSCH reception occasions according to configured values of K1 set. HARQ-ACK feedback for these PDSCH occasions are pointed to the same uplink slot for PUCCH transmission. Each PDSCH reception occasion would only have one PDSCH and PDSCH occasions wouldn’t overlap. This step is elaborated as the first part of pseudo code in 38.213.
· Then the UE generates HARQ-ACK information for a PDSCH received over each PDSCH reception occasion and the UE only expects single PDSCH to be received per reception occasion per serving cell. The UE will sort and aggregate HARQ-ACK information over these PDSCH reception occasions to a single codebook with a fixed payload. This step is elaborated as the second part of pseudo code in 38.213.
As joint type-I codebook was defined in last meeting as the order of “PDSCH reception occasion index at first”, “and then serving cell index”, “and TRP (i.e. HigherLayerIndexPerCORESET(if configured))”, the remaining issue of generating type-I codebook is about UE behavior of a PDSCH reception occasion determination, which leads to different understandings, 
· Option 1: PDSCH reception occasions are defined per TRP, i.e. with additional subscript identifying TRP for each occasion. Then, for each PDSCH reception occasion would still have only one PDSCH scheduled, but PDSCH reception occasions from different TRPs may overlap. The UE would only generate HARQ-ACK for each PDSCH reception occasion per HigherLayerIndexPerCORESET.
· Option 2: one PDSCH reception occasion determined from Rel-15 procedure is applied to all TRPs, but the restriction on scheduling should be relaxed. For example, a PDSCH reception occasion is associated with a set of candidate rows R to be scheduled as Rel-15. Then for multi-TRP, it is possible for TRPs to schedule partial/non/full overlapping rows in one occasion. Each reception would generate HARQ-ACK to one or two PDSCHs.
Here is an example elaborating potential difference between options. Suppose that two CCs are configured and multi-TRP transmission is enabled on CC1 only, but not CC2, and only TRP1 can schedule CC2 as well. PDSCH-CodeBlockGroupTransmission is not provided, and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of one transport blocks, e.g. per PDSCH. K1 set is {1} for both CCs.
· With option 1, sets 
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(for TRP1), two PDSCH receptions are determined for two CCs, while for 
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(for TRP2), one PDSCH reception for CC1 is determined. One HARQ-ACK bit would be generated per PDSCH reception occasion. The codebook contains 3 bits eventually.
· With option 2, a set 
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is determined and associated with rows indicating SLIV at least. There are 2 PDSCH reception occasions for two CC respectively. For each PDSCH reception occasion, since each TRP can schedule one of the rows independently, it requires two bits feedback per PDSCH reception occasion. The codebook contains 4 bits eventually.
Therefore, total size of type-I codebook of option 1 can be smaller than option 2, if a TRP is not configured to be used for a given serving CC. Therefore, option 1 slightly preferred.
Proposal 2: For determining a set of occasions for candidate PDSCH receptions, the set are determined according to the pseudo-code per the value of HigherLayerIndexPerCORESET (if configured).
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Figure 2 Rule of last DCI determination for PUCCH transmission
Moreover, how to determine last DCI for PUCCH determination should be updated slightly, as the UE can receive more than one PDCCHs within one PDCCH monitoring occasion. A simple approach is that the last DCI is determined among detected DCI formats identified by the largest HigherLayerIndexPerCORESET value, after sorting by {serving cell indices, PDCCH monitoring occasion indices}, e.g. the DCI selected by the circle shown in Figure 2. 
Proposal 3: To convey joint HARQ-ACK codebook for M-DCI based multi-TRP/panel transmission, PUCCH resource is determined by the last DCI sorted from detected DCI formats, by the ascending orders of HigherLayerIndexPerCORESET, and then serving cell indices, and then PDCCH monitoring occasion indices.
2.1.2 Remaining Details of UCI Reporting 
· UCI Reporting over PUCCH/PUSCH
PUCCH resources conveying P/SP CSI reports are configured by the network in addition to PUCCH resource sets configured to convey HARQ-ACK. PUCCH resources configured to convey CSI report only do not have to be orthogonal with PUCCH resources included by PUCCH resource sets configured to convey HARQ-ACK or HARQ-ACK+CSI.  For example, for CSI report only, a long PUCCH resource with 14 OFDM symbols can be configured in Rel-15 for better UL coverage. However if HARQ-ACK and CSI reporting are transmitted in the same slot, multiplexing HARQ-ACK and CSI is needed. The remaining question is that how to ensure proper multiplexing from the UE perspective. 
As shown in Figure 3, from the gNB perspective, it can be ambiguous that whether CSI report #1 shall be multiplexed into HARQ-ACK1 or HARQ-ACK2, and give rise to different UCI payload and eventually PUCCH resource set/PUCCH resource selection. Following to Rel-15 behavior, overlapped resources will be determined, e.g. PUCCH 1, 2, and 3, and a PUCCH resource set is determined according to total payload of UCI (including CSI reporting, HARQ-ACK1 and HARQ-ACK 2) from PUCCH resource sets. Therefore from UE perspective in Rel-16, there is ambiguity that how to select a PUCCH resource from that PUCCH resource set, i.e. PUCCH indicator by which the UE should follow to determine final PUCCH resource because there are two PUCCH indicators associated with HARQ-ACK 1 and HARQ-ACK 2 respectively.  Moreover, how to arrange multiplexed bits can be also a problem, i.e. how to concatenate HARQ-ACK payload intended for two TRPs.
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Figure 3 UE behaviour of multiplexing HARQ-ACK and CSI for two TRPs

One possible way is to let the PUCCH resource for CSI and PUCCH resource for HARQ-ACK belong to the same TRP are overlapped in time domain and current spec can be reused. However, such implementation may restrict gNB configuration/scheduling of PUCCH. So, the preferred way to avoid such an ambiguity can be considered by re-using the HigherLayerIndexPerCORESET to link CSI reporting and HARQ-ACK feedback. Therefore for each P/SP CSI reporting configuration, the configuration of P/SP CSI reporting over PUCCH can include a higher layer signaling index (same with the HigherLayerIndexPerCORESET) so that only HARQ-ACK and CSI reporting associated to the same value of indices can be multiplexed into a selected PUCCH resource/resource set. Meanwhile, each P/SP CSI reporting configuration can be associated with one or two HigherLayerIndexPerCORESETs.

Moreover, if the configuration of CSI reporting and HARQ-ACK cannot be associated/linked by the same value of HigherLayerIndexPerCORESET in order to determine a proper PUCCH resource/resource set for UCI transmission due to some reasons, further clarification may be required from the UE perspective to prioritize certain UCI information, e.g. as shown in Figure 3c to drop that P/SP CSI report at given time slot if necessary.
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Figure 4 UE behaviour of multiplexing PUCCH and PUSCH for two TRPs
Furthermore, PUSCH may be scheduled by M-TRP independently for corresponding AP/SP-CSI reporting. As shown in Figure 4, one PUSCH is triggered by TRP1 for AP/SP-CSI report and PUCCHs conveying HARQ-ACK1 and HARQ-ACK2 are scheduled by TRP1 and TRP2 respectively within the same slot. There is potential collision between PUSCH and PUCCH so that the UE shall consider proper multiplexing rules for UL transmission. 
A straightforward method is to multiplex UCI in PUCCH into PUSCH if they are associated with the same HigherLayerIndexPerCORESET, as shown in the bottom sub-figure in Figure 4. It is the same mechanism discussed above for P/SP CSI reporting. Since HARQ-ACK2 is aimed to TRP2, it shall not be multiplexed into the PUSCH. 

Therefore, we have the following proposal,

Proposal 4: To multiplex HARQ-ACK feedback and CSI reporting for separate HARQ-ACK feedback, 

· for P/SP CSI reporting over PUCCH, the UE can establish the linkage/association between HARQ-ACK information and CSI by configuring HigherLayerIndexPerCORESET in corresponding CSI report configurations, and multiplexing P/SP CSI report(s) with HARQ-ACK information only if they are associated with the same value of HigherLayerIndexPerCORESET. 

· Otherwise, the UE may drop P/SP CSI reporting without multiplexing. 

· for AP/SP CSI reporting/UL data over PUSCH, the UE can multiplex HARQ-ACK information into a PUSCH if PDCCHs scheduling that PUSCH and the PDSCH (associated to that HARQ-ACK information) have the same value of HigherLayerIndexPerCORESET.

In previous meetings, companies were discussing about the necessity of introducing explicit PUCCH grouping. The intention is basically to allow more flexibility of PUCCH resource utilization of each TRP. To achieve it, more PUCCH resources can be allowed to be configured. There’s no need to introduce explicit signalling to identify resources for two TRPs. For example, in Rel-15, there can be at most 32 PUCCH resources configured within one PUCCH resource set. In such case, PUCCH resource indicator and CCE index are jointly used for PUCCH resource determination as the following formula, 
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where 
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 of the PDCCH reception for the DCI format 1_0 or DCI format 1_1 as described in Subclause 10.1, 
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 is the index of a first CCE for the PDCCH reception, and 
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
For more than 8 resources, a PUCCH resource is indicated by both PUCCH resource indicator in DCI and CCE index of detected PDCCH. With 3 bit PUCCH resource indicator and 
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 , in total 32 resources can be indicated whereas  the value of
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, i.e. the number of PUCCH resources per resource set,  is up to 32 in Rel-15.
An example is shown in Table 1.

Table 1 Example of PUCCH resource determination in Rel-15 with 
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Then, with multi-TRP operation, the number of PUCCH resources per resource set can be enhanced to support more than Rel-15 limit, e.g. 64 PUCCH resources. According to the formula in current spec, with CCE index and PUCCH resources, these 64 resource can be indicated without any spec modification, if 
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is increased to 64. Each TRP can use 4 out of 8 codepoints by using existing PUCCH resource indicator and limit/shift the index of the first CCE for the PDCCH reception to indicate 32 PUCCH resources out of 64 resources per resource set. The example is shown in Table 2 where
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Table 2 Example of PUCCH resource determination in Rel-16 with 
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Proposal 5: Support increasing the maximal number of PUCCH resources configured for the first PUCCH resource set to 64.
2.2 Downlink Design for M-DCI NCJT

2.2.1 PDCCH Enhancements for M-DCI 

It was agreed that “For CORESETs configured for the same TRP (i.e. same HigherLayerIndexPerCORESET), 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”. As the pseudo code in 38.213, the UE would allocate #of BD/CCEs to each USS set with the ascending order of USS index j. For a USS set j, if #of BC/CCEs required by this USS set exceeds remaining #of BD/CCEs, the USS set is abandoned and the UE would not perform monitoring on the candidates within this USS set. Similarly, when per TRP limit is applied, the UE would also need to determine whether current USS set satisfy per TRP limit or not. 
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For example, as shown in Figure 5, for a USS set j, total number of remaining BD is 8, assuming each TRP already consumes 40 BDs for USS sets 0~j-1 and total BD across 2 TRPs is up to 88. Suppose USS set j requires 6 BD candidates for TRP1. Then following above pseudo code, although remaining 8 BD in total is sufficient for USS set j for TRP1, the per TRP limit is up to 44 for TRP1 and remaining BD shall be abandoned. In other words, the UE needs to apply per TRP BD/CCE limit when distributing BD/CCEs to USS sets.
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Figure 5 Illustration of BD allocation for multi-TRP
Proposal 6: For USS set j associated with a TRP (i.e. identified by the value of HigherLayerIndexPerCORESET), if required BD/CCE for this USS set exceeds the remaining number of BD/CCEs for that TRP, the remaining number of BD/CCEs is abandoned. 
In Rel-15, UEs determine CCE indexes of a UE-specific search space set by a Hash function with parameter Ap, and the value of Ap corresponds to the index of CORESET associated with the UE-specific search space set. There are in total 3 different values for Ap specified in Rel-15, i.e. {39827, 39829, 39839}, which can apply to up to 3 different CORESETs per “PDCCH-Config”. For single-TRP operation, the optimization of Ap values can minimize the probability of PDCCH blockage. It was agreed to increase the maximum number of CORESETs per “PDCCH-Config” to 5. However, as aforementioned, different Ap values in Rel-15 can only support up to 3 different CORESETs.
For the UE supporting M-DCI NCJT transmission, optimizing Ap values can reduce inter-TRP PDCCH interference or CCE collision due to limited coordination by non-ideal backhaul. For example, there’s a probability of overlapping CCEs of scheduled PDCCHs from two TRPs for a given UE by using different CORESET scrambling IDs, and these PDCCHs may interfere each other. The smaller the probability of overlapping CCEs, the better the PDCCH performance will be. Moreover, for the scenario of ideal-backhaul, supporting more than 3 Ap values can reduce PDCCH blockage probability further compared to Rel-15 and then increase PDCCH capacity. Therefore it is beneficial to support additional values for Ap. 
The candidate value for Ap should not be limited to prime number, but primitive root of D should also be considered as better option, which can achieve much longer random sequences compared with prime numbers. For simplicity, we can select value of primitive root around existing values of Ap, such as {39828, 39840, 39853}, in which the performance with newly introduced value of Ap are shown in Figure 6. 
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Figure 6 Simulation result of PDCCH blocking performance: AL= {1, 2, 4, 8} with probability distribution as {0.3, 0.4, 0.1, 0.2}, 4 CORESETs, #of candidate per COREST= {3, 3, 1, 1}.
Thus, we have the following proposal, 

Proposal 7: Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, such as {39828, 39840, 39853}, if more than 3 CORESETs are configured.
2.2.2 PDSCH Enhancements for M-DCI
· PDSCH Scrambling  

· Rate matching
In R15, lte-CRS-ToMatchAround parameter is contained in ServingCellConfig. The NR UE performs rate matching according to the provided CRS pattern, to avoid interfering CRS REs of LTE UEs. Otherwise, data REs from NR-PDSCH would generate interference over CRS REs. Therefore by sacrificing NR PDSCH available REs, existing LTE network performance can be maintained.   
For multi-TRP transmission operated in LTE-NR coexistence scenario, it was agreed that the parameter lte-CRS-ToMatchAround would be extended to multiple CRS patterns in a serving cell. The remaining issue is whether the UE perform rate matching on CRS patterns from each TRP, or all TRPs.
LTE CRS usually cost high overhead, e.g. 17% for 4 port CRS over LTE BW and 10% for 2port CRS. For example, LTE-NR may share a large band width (20+20+10 MHz LTE carriers in a 50 MHz NR carrier). Therefore, the overhead over whole NR bandwidth due to CRS could be enormous. 
Moreover, if the interference from CRS from neighbour TRP to NR PDSCH is severe, the gNB can still configure extra CRS patterns per TRP to mitigate CRS impact. For example the gNB can duplicate and configure the same CRS patterns for both TRP1 and TRP2, if necessary. Then with gNB scheduling taking into account CRS patterns’ interference, the UE could still perform rate matching the same or different CRS patterns among TRPs,  which is up to NW implementation.
Therefore, it’s preferred that the UE performs rate matching around CRS patterns per TRP, which can be identified by HigherLayerIndexPerCORESET.

Proposal 8: For M-DCI based multi-TRP/panel transmission, the UE shall rate match around pre-configured CRS pattern(s) for a PDSCH scheduled by a PDCCH which can determine those CRS pattern(s) by associated HigherLayerIndexPerCORESET.
· Scheduling order 

In Rel-15, there are restrictions on PDSCH scheduling and HARQ-feedback introduced for single TRP operation. For example, in 38.214, it was said that “For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH”. However, since partial/non/full overlapped PDSCHs are supported in Rel-16 multi-TRP/panel transmission, this restriction will be updated anyway. There are still other restrictions which would largely limit multi-TRP operation, especially for non-ideal backhaul.
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	(a) Restriction 1, PDSCH scheduling for two HARQ processes in Rel-15: “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.” 
	(b) Restriction 2, HARQ-ACK feedback timeline in Rel-15: 
“The UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. ” 


Figure 7 Restrictions of scheduling/HARQ in Rel-15
Restriction 1 and 2 as shown in Figure 7 need to be relaxed for the scenario of non-ideal backhaul, as it can be difficult to be implemented between two TRPs for efficient PDSCH allocation and corresponding HARQ-ACK assignment. 
For example, as shown in Figure 7a, only when the two PDCCHs always ends at the same symbol, PDSCH2 may start earlier than the end of the first PDSCH1. With only semi-persistent coordination between TRPs by non-ideal backhaul and dynamically indicated scheduling offset K0 independently determined at each TRP, PDSCH #2 may possibly start before the ending symbol of PDSCH #1. In addition, when two TRPs are independently scheduling PDSCHs, PDCCHs can occur at any monitoring occasion. Therefore above restriction of PDSCH scheduling timeline can be hardly met. 
Therefore above restrictions would largely limit practical implementation of multi-PDCCH based solution, due to semi-static coordination among TRPs. It is preferred that the UE would have two parallel receiving/processing timelines and each can be used for eMBB at least from one TRP. 

Proposal 9: The scheduling/HARQ order for M-DCI based Multi-TRP/panel transmission should be revised as following: 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i, only if two PDCCHs are associated with different values of HigherLayerIndexPerCORESET.
· The UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j,  only if two PDSCHs are associated with different values of HigherLayerIndexPerCORESET and satisfy  the corresponding UE processing time condition per PDSCH
2.3 Supporting M-DCI in FR2
FR2 has the advantage with a large amount of available bandwidth which is inherently beneficial for NR capacity enhancement. However, FR2 implementation remains to be highly challenging as transmitting beam can be easily blocked due to UE mobility and rotation. Multi-TRP/panel transmission by M-DCI can provide higher robustness of FR2 by performing data repetition at higher layer via two beams from two TRPs/panels. For example, as shown in Figure 8, the same data can be transmitted by two TRPs with two different DCIs. As long as one of two beams works well, the data can be transmitted successfully. This can largely increase the robustness of FR2 transmission.
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Figure 8. Illustration of multi-TRP/panel transmission in FR2 for robustness
Above robust FR2 transmission has been partially supported by R15. For example, in beam management, the group based beam reporting scheme allows the UE to report two beams that can be received simultaneously. Two reported beams can be used to enable above NW transmission scheme. For following CSI acquisition, the gNB can configure the UE to measure the channel quality of each individual beam. Each TRP transmits the PDSCH according to the channel quality of own transmitting beam. 

In Rel-15, PDSCH is allowed to be transmitted before the time threshold determined by the timeDurationForQCL parameter, whereas a default TCI-state is defined in the spec for corresponding data reception. However this default behavior, from the UE perspective, shall be re-considered for M-DCI based M-PDSCH transmission with small modification. Specifically, as two PDSCHs are scheduled by two DCIs, default TCI-state of each PDSCH can be determined independently, i.e. per PDSCH. For example, for each PDSCH, if the scheduling offset (a gap between the PDSCH and its scheduling PDCCH) is smaller than timeDurationForQCL, corresponding default TCI-state is applied for that PDSCH reception. In R15, the default TCI-state is the TCI-state of the CORESET with the lowest ID monitored in the latest slot. While, in multi-DCI scenario of R16, the CORESETs are divided into two TRPs through highLayerIndexForCORESET. In this case, for each DPSCH, the default TCI-state should be TCI-state of the CORESET with the lowest ID among the CORESETs with the same higherLayerIndexperCORESET value as the CORESET of the scheduling PDCCH, monitored in the latest slot.

Proposal 10: For multi-DCI based multi-TRP/panel transmission and for each PDSCH, if the offset is smaller than the threshold TimeDurationForQCL, the UE may assume that DMRS ports of that PDSCH follows QCL parameters of TCI state of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs with the same value of HigherLayerIndexPerCORESET are monitored by the UE. 
3 Single PDCCH based multi-TRP/Panel transmission

For single PDCCH based multi-TRP/panel transmission, as shown in Figure 9, a single NR PDCCH schedules a single NR PDSCH in which different layers can be transmitted from separate TRPs.  
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Figure 9 Illustration of single DCI based multi-TRP transmission

For single PDCCH based multi-TRP/panel transmission, DMRS port indication and TCI-DMRS relationship are two remaining issues. Besides, default QCL assumption and PTRS enhancements are worth considering for FR2. 

3.1 DMRS port indication

· Indication of Rel-16 DMRS table/entries 
For DMRS port indication design, one essential issue is how to determine the Rel-16 DMRS table/entries and Rel-15 DMRS table/entries. In previous meetings, the DMRS table size is agreed to keep as the same as Rel-15, at least for DCI format 1-1. Besides, it has been also agreed that one TCI code point can indicate 2 TCI states, whereas each TCI state may correspond to one TRP for M-TRP. 

Then for an UE capable of M-TRP transmission, one simple approach is that a new Rel-16 DMRS table is applied when two TCI states are indicated by a TCI code point. For example, if one TCI state is indicated by the TCI code point, then Rel-15 table is applied, otherwise Rel-16 DMRS table is applied. In this way, Rel-15 and Rel-16 DMRS indications can be dynamically switched based on the TCI code point indicated in DCI. 
Proposal 11: For single-PDCCH based multi-TRP/panel transmission, a new DMRS table is applicable when two TCI states are indicated by a TCI code point.
· DMRS entries for single front-load symbol
During last meeting, it has been concluded that there is no consensus to support 1+3 and/or 3+1 layer combinations in Rel-16.  So for the case of one CW, layer combinations that Rel-16 has agreed to support include 1+1, 1+2, 2+1, 2+2. For the case of two CWs, as there will be no additional specification effort to support new entries, Rel-15 legacy entries are naturally supported and re-used for Rel-16. 

A design example of DMRS table for S-DCI with single front-load DMRS symbol is shown in Table 3 and Table 4, whereas some new entries (in Red) are added based on Rel-15 legacy entries (in Blue). Specifically, 
· For layer combinations of 1+1, 2+1, 2+2, they have been already supported by Rel-15 legacy entries, so we suggest to directly reuse the legacy entries {0,2},{0,1,2},{0,1,2,3} to minimize the Spec. impacts, i.e., 

· Table 3: Entries 9, 10, 11 (in Blue) 

· Table 4: Entries 9, 10, 20, 22, 23 (in Blue), 24 (in Red)
· For layer combination of 1+2, which is not supported in Rel-15, either DMRS ports of {0,2,3} or {1,2,3} can be added as there is no difference from UE perspective. However, {2,0,1} is not preferred since it does not provide any additional performance benefit compared to {0,2,3} or {1,2,3} but introduces additional port reordering which is not supported in Rel-15. In our view, it is not convincing to suggest that {2,0,1} is a kind of reusing {0,1,2} since they present different entries in DMRS table if {2,0,1} is included. In general we do not see any difference between {2,0,1} and {0,2,3} from the UE perspective, if one of them has to be introduced.  Therefore, our preferred entries are
· Table 3: Entries 12 (in Red)
· Table 4: Entries 21 (in Blue), 25, 26 (in Red). Note that the legacy entry 21 is already supported in Rel-15 for 1+2. However, it is not supported for DMRS type 1 and DMRS type 2 with two CDM groups without data. So we suggest to add a new entry 26 to have a unified design for layer combination 1+2 for both DMRS type 1 and 2.
· The Rel-15 legacy entries where DMRS ports come from one CDM group can be further used for URLLC TDM and FDM schemes.

Table 3. dmrs-Type=1, maxLength=1

	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12
	2
	0,2,3

	13-15
	Reserved
	Reserved


Table 4. dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,

Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	2-31
	reserved
	reserved

	3
	2
	0
	
	
	

	4
	2
	1
	
	
	

	5
	2
	2
	
	
	

	6
	2
	3
	
	
	

	7
	2
	0,1
	
	
	

	8
	2
	2,3
	
	
	

	9
	2
	0-2
	
	
	

	10
	2
	0-3
	
	
	

	11
	3
	0
	
	
	

	12
	3
	1
	
	
	

	13
	3
	2
	
	
	

	14
	3
	3
	
	
	

	15
	3
	4
	
	
	

	16
	3
	5
	
	
	

	17
	3
	0,1
	
	
	

	18
	3
	2,3
	
	
	

	19
	3
	4,5
	
	
	

	20
	3
	0-2
	
	
	

	21
	3
	3-5
	
	
	

	22
	3
	0-3
	
	
	

	23
	2
	0,2
	
	
	

	24
	3
	0,2
	
	
	

	25
	2
	0,2,3
	
	
	

	26
	3
	0,2,3
	
	
	

	24-31
	Reserved
	Reserved
	
	
	


Moreover, for DMRS type 2, legacy/new entries with number of CDM groups without data =3 (i.e. entries 20, 21, 22, 24, 26 in Table 3) are beneficial to cell edge M-TRP UEs with better channel estimation achieved by higher power boosting gain. For example, for MCS =10 with 10 RBs, compared to 2 CDM groups without data providing 3dB power boosting gain between DMRS EPRE over PDSCH EPRE, 3 CDM groups without data can provide 4.77dB power boosting gain at the expense of increased code rate of 0.01 (due to reduced number of available PDSCH REs), if assuming the same TB size. Higher power boosting gain of DMRS EPRE is considerably beneficial for UEs at low SNR region. 

Proposal 12: To enable single-DCI based NCJT transmission for eMBB, support following entries of single front-load DMRS symbol for DMRS port indication

· for layer combinations of 1+1, 2+1, 2+2, existing Rel-15 legacy entries with 2 or 3 CDM groups

· for layer combination of 1+1, DMRS port entry {0,2} with 3 CDM groups without data for DMRS Type 2

· for layer combinations of 1+2, DMRS port entries {0,2,3} with 2 or 3 CDM groups without data 

· Enhance DMRS with two front-load symbols

Compared to the single front-load DMRS symbol, 2 front-load symbol DMRS is benefit to the cell edge M-TRP UE to achieve better channel estimation performance, due to the additional 3dB gain obtained by TD-OCC. Note that in Rel-15 table, for 2 front-load DMRS symbol, only one entry (entry 30 in Table 7.3.1.2.2-2 with layer combination 2+2) is available for DMRS type 1, and no entry is available for DMRS type 2. In this way, even a M-TRP UE is scheduled with the DMRS tables of maxlength =2, it will still use the single front-load DMRS for actual transmission. Therefore, for better performance, at least layer combinations of 1+1, 1+2, 2+1, 2+2 should be also supported for two front-load symbols.
Proposal 13: For single-DCI based NCJT transmission, as least for eMBB, layer combinations of 1+1, 1+2, 2+1, 2+2 should be supported for two front-load DMRS symbols.
3.2 TCI-DMRS relationship

In Rel-16, it has been agreed that 2 TCI states can be indicated by a TCI code point. Therefore, the mapping rule between the TCI states and DMRS ports or CDM groups should be defined. 

In RAN1#98 meeting, there are two FFSs when 2 TCI states map to two CDM groups. One is the definition of the first indicated CDM group, the other is whether the mapping rule between 2 TCI states and 2 CDM groups also applies for Rel-16 DMRS.
For the first FFS, in our view, the first indicated CDM group is the CDM group that the first DMRS port of a given entry belongs to, where the first DMRS port is determined according to the ordering of DMRS ports given by that entry. For example, for a DMRS entry {0,2,3}, the first indicated CDM group is CDM group 0 according to port 0. Whereas, for DMRS entry {2,0,1}, the first indicated CDM group is CDM group 1 according to port 2. 
For the second FFS, different CDM groups can be configured with different cinit, i.e., different sequences for different CDM groups, for lower PAPR in Rel-16. Moreover, Rel-15 DMRS and R-16 DMRS sequence generation can be switched by RRC. From our perspective, this enhancement does not influence the mapping rule between TCI states and CDM groups. Thus the agreed mapping rule can apply for both Rel-15 and Rel-16 DMRS.

Proposal 14: When 2 TCI states are indicated by a TCI code point, at least for eMBB, if DMRS ports indicated by a DMRS entry are from two CDM groups, the first indicated CDM group is the CDM group associated to the first DMRS port according to the ordering of DMRS port(s) of that entry. 
In last meeting, for the mapping between 2 TCI states with one or three CDM groups, there are two possible solutions: 
· If indicated DMRS ports are from single CDM group,
· Alt 1: the UE applies one of the TCI states according to the CDM group index, e.g. the first and second TCI states correspond to CDM group 0 and 1 respectively. 

· Alt 2: UE can ignore the DCI. 

· If indicated DMRS ports are from three CDM groups,

· Alt 1: The first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM group(s). 

· Alt 2: UE can ignore the DCI. 
For these issues, we provide a unified design for different number of CDM groups 

· If one TCI state is indicated by one TCI code point, it corresponds to the No-CoMP (or called as S-TRP) scenario and all DMRS ports correspond to that TCI state as Rel-15.

· If two TCI states are indicated by one TCI code point, it corresponds to the CoMP scenario
· If DMRS ports are from one CDM group, Alt 1 is preferred since it can save TCI code points if implementing DPS. For example, by indicating DMRS entries {0} or {2}, the DPS can be achieved by single TCI code point {TRP#1, TRP#2}, instead of using two TCI code points {TRP#1} and {TRP#2}. Whereas, if Alt 1 is not supported, then DPS can be achieved only by indicated and switched between two TCI code points {TRP#1} and {TRP#2}.
· If DMRS ports are from three CDM groups, Alt 1 is necessary for two CWs with single front-load symbol. Note that Rel-15 legacy two CWs entries are already supported for S-DCI M-TRP in last meeting. Then for DMRS type 2 with single front-load symbol, UE will receive DMRS ports from 3 CDM groups in the cases of 5 and 6 transmission layers, i.e., entries 0 and 1 in Table 4 with 2 CWs. By using Alt.1, e.g. for entries 0 and 1, CDM group 0 will mapped to the first TCI state and CDM groups 1&2 map to the second TCI states.  

In summary, the mapping relationship of proposed scheme can be illustrated as Table 5.  As can be seen, Rel-15 schemes (Rel-15 S-TRP, Rel-15 NCJT, and Rel-15 DPS) and Rel-16 schemes (Rel-16 enhanced NCJT and Rel-16 enhanced DPS) can be dynamically switched depending on the number of TCI states. Then, based on the number of indicated CDM groups, UE can know whether it is Rel-16 NCJT or Rel-16 DPS. In this way, we achieve a unified design which can dynamically switch without additional signalling overhead. 

Table 5 Illustration of TCI states and CDM mapping rule
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Proposal 15: 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 single CDM group, the UE applies one of the TCI states according to the CDM group index, e.g. the first and second TCI states correspond to CDM group 0 and 1 respectively. 

· If indicated DMRS ports are from three CDM groups, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM group(s). 

3.3 Supporting S-DCI in FR2
Similar as multi-DCI based Multi-TRP transmission, single-DCI based Multi-TRP transmission can also be adopted for robust FR2 transmission (as given in Section 2.3). Technically, robust FR2 transmission has certain commonality with M-TRP based URLLC transmission by which issues (e.g., repetition scheme, number of TCI-state, etc.) related to robust FR2 transmission have addressed. But there are still some remaining issues to be addressed.

· Default TCI-state

One remaining issue of robust FR2 transmission is the default TCI-state issue. In Rel-15, a default TCI-state is adopted to receive the PDSCH with scheduling offset smaller than the threshold TimeDurationForQCL. This scheme enables the UE to receive urgent data transmitted before the threshold and is important for data with strict latency requirement like URLLC. Such a default TCI-state mechanism is also essential for R16 Multi-TRP transmission, as URLLC is a basic scenario of Multi-TRP transmission. However, the Rel-15 scheme can only determine one default TCI-state. Hence, enhancement should be made based on the Rel-15 scheme to support determining two default TCI-states for Multi-TRP transmission.
In Rel-15, when the scheduling offset is smaller than the threshold, the default TCI-state is the CORESET with the smallest ID monitored in the latest slot. For compatibility with R15, the R15 default TCI-state can work as a starting point for R16 enhancement. Specifically, the default TCI-state(s) for Multi-TRP transmission can be determined based on the R15 default TCI-state. 

Specifically, after receiving an activation MAC CE of PDSCH TCI-state, the UE can be activated with multiple TCI-state sets, with each TCI-state set containing one or two TCI-states. The R15 default TCI-state may be included in one or more TCI-state sets. Among those TCI-state sets containing the R15 default TCI-state, the one with the smallest TCI codepoint ID is applied as the default TCI-state(s) for Multi-TRP transmission. For example, in Table 6, assuming that the R15 default TCI-state is TCI-state #2, there are two TCI-state sets {#2, #3} and {#2, #6} containing TCI-state #2. The one mapped to the smallest TCI codepoint ID, namely {#2, #3}, is applied as the default TCI states. The above method can ensure that two default TCI-states are mapped to the same TCI codepoint. This is important as the two TCI-states mapped to the same TCI codepoint are paired by the gNB and are usually able to be received by the UE simultaneously. While, the TCI-states mapped to different TCI codepoints may not. As a special case, if the TCI-state set established with the above method includes only one TCI-state (i.e., the R15 default TCI-state), only the R15 default TCI-state is used.

On the other hand, when the R15 default TCI-state, e.g. #11, is not included in any activated TCI-state set, it is not able to determine default TCI-state(s) with the method above. In this case, the UE can just adopt the R15 default TCI. In order words, R16 should allow falling back to R15 scheme for robustness. 
Table 6 Mapping between TCI code point and TCI-state
	TCI code point
	TCI-state

	0
	#2，#3

	1
	#0，#1

	2
	#2，#6

	3
	#4，#5

	4
	#7

	5
	#8

	6
	#9

	7
	#10


Proposal 16: For single-DCI based Multi-TRP transmission, when the scheduling offset of PDSCH is smaller than the threshold of timeDurationForQCL,

· If the Rel-15 default TCI-state (i.e. the activated TCI-state of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot after reception of the activation command of TCI states) is included in one or more TCI codepoint(s), the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by the lowest codepoint among TCI codepoint(s) containing that Rel-15 default TCI-state; 

· Otherwise, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by the Rel-15 default TCI-state. 
· PT-RS
In Rel-15, two PT-RS ports were supported for multi-TRP/panel at gNB side. Thereafter, with deprioritizing multi-TRP/panel/beam transmission in Rel-15, it’s agreed that Rel-15 spec should remove the multi-TRP specification text according to RAN plenary guidance in RP-172108, such as the design of two PT-RS ports including the mapping between DMRS ports and PT-RS ports and QCL assumption of PT-RS ports, as in [2]. 

Thus, in view of the above Rel-15 agreements, it’s natural to follow the previous guidance that Rel-15 agreements of supporting multi-TRPs/panels/beams related to e.g. DMRS/PTRS/TCI states can be a starting point for future discussions. 
In Rel-16, single-PDCCH based NCJT design is almost reusing a similar design in Rel-15, except that explicit DMRS group was replaced by an implicit DMRS group in CDM groups associated with TCI state. DMRS/TCI design has already been under discussion in Rel-16, then, it’s proper to bring back two PTRS ports design in Rel-16 multi-TRP/panel. As PT-RS is used in FR2 for phase noise estimation, the main use case can be that, the UE receives signals from multiple panels from one TRP, where different oscillators are equipped, contributing to different phase noises. UEs in the cell, not only at cell edge, can benefit from such multi-panel transmission for higher rank. For example, due to highly directional beams, only lower rank can be supported within one beam/panel, then when multi-beam transmission is enabled, more layers can be supported.

In Rel-16, the concept of DMRS group is more or less similar to Rel-15. Thus, to simplify the design, it’d better to replace DMRS group in Rel-15 as DMRS ports associated with the same TCI state. For example, if a TCI code point with 2 TCI states is indicated, then 2 PT-RS ports can be used, and each PT-RS port is associated with the corresponding TCI states. In specific, the first PT-RS port is associated with the lowest indexed DMRS port corresponding to the first TCI state, while the second PT-RS port is associated with the lowest indexed DMRS port corresponding to the second TCI state.

Proposal 17: Support 2 PT-RS ports for multi-TRP with single PDCCH if two TCI states is indicated by one TCI code point, where 

· the first PT-RS port is associated with the lowest indexed DMRS port corresponding to the first TCI state, and

· the second PT-RS port is associated with the lowest indexed DMRS port corresponding to the second TCI state. 
4 Reliability/Robustness enhancement with Multi-TRP/Panel transmission

4.1 Scheme differentiation for URLLC schemes

One remaining issue for M-TRP based URLLC is scheme differentiation. Rel-16 can support single-DCI based SDM scheme 1a, FDM schemes 2a/2b and TDM schemes 3/4. 

In general, all the schemes can be semi-statically indicated by an RRC signalling. It is simple but may not be flexible enough. For example, a URLLC TB may become ready while the TRPs are transmitting eMBB data. The NW usually should schedule space-time-frequency resources as soon as possible for that URLLC TB and determine associated transmission scheme, which depends on real-time TRP load, channel condition, and reliability & latency requirement etc., and can vary dynamically. Therefore, dynamic scheme differentiation mechanism is strongly preferred, in our view, at least among agreed Rel-16 SDM, FDM and TDM URLLC schemes. 

· Indication mechanism for SDM/FDM/TDM schemes
In meeting #98, it has been agreed to restrict DMRS ports configured for the URLLC scheme 2a/2b/3/4 into single CDM group. Consequently, it is natural that the scheme 1a and scheme 2a/2b/3/4 can be implicitly differentiated by the number of CDM group of corresponding DMRS configuration. In other words, the SDM schemes and other URLLC schemes can be dynamic switched. 

Next, to differentiate FDM schemes 2a/2b and TDM schemes 3/4, one may suggest to utilize the time-domain repetition factor. It can be a straightforward solution. But the discussion over repetition factor for scheme 3 and 4 is not finalized yet with a few alternatives. 

However the repetition factors of scheme 3/4 should be dedicated and explicitly configured, only in which case they can be reused as scheme 3/4 indication. It has a restriction on discussion for repetition factor of scheme 3/4. According to e-mail discussion [98-NR-18], some options are automatically excluded as they are either not explicitly or dedicated. But the motivation of a reasonable repetition factor indication mechanism should focus on signalling overhead, spec efforts and/or performance if necessary, which may benefit the scheme 3 and 4. Therefore, the above restriction should be avoided. Secondly, solely relying on repetition factor for scheme 3/4 indication is potentially problematic if the combined schemes are going to be supported. It is because for any TDM scheme and a combined SDM/FDM + TDM scheme, they are both corresponding to the case that the repetition factor are bigger than 1. 
Instead, a unified differentiation mechanism for SDM, FDM and TDM schemes can be considered. As aforementioned, the SDM scheme and other URLLC schemes can be differentiated by the number of CDM group of corresponding DMRS configuration. Similar design principle of dynamic differentiation, i.e. by using DMRS entries, can be considered to further differentiate FDM schemes 2a/2b and TDM schemes 3/4. One example is given by Table 7.
Table 7. Differentiation method summary for URLLC schemes 1a/2a/2b/3/4 and combined schemes

	URLLC scheme
	Number of DMRS CDM group(s) without data
	CDM group index of corresponding DMRS ports

	SDM 
	SDM(1a)
	2
	CDM group #0 & #1

	FDM
	FDM (2a/2b)
	2
	CDM group #0

	TDM
	TDM(3/4)
	2
	CDM group #1


The SDM scheme is indicated if DMRS ports are from both CDM groups #0 and #1. Then if the DMRS ports are only from single CDM group, the FDM schemes are indicated if they are from CDM group #0, and the TDM schemes are indicated if they are from CDM group #1. Table 8 provides further elaboration by applying above differentiation mechanism over DMRS Type 1 with single front loaded symbol. For SDM scheme 1a, all port combinations of “1+1, 1+2, 2+1, 2+2” can be supported by using entries {9,10,11,12}, and they are corresponding to both CDM group #0 & #1. For FDM scheme 2a/2b, both rank-1 and rank-2 transmission can be supported by using entries {3, 4, 7}, and they belongs to CDM group #0. For TDM scheme 3/4, both rank-1 and rank-2 transmission can be supported by using entries {5, 6, 8}, and they belongs to CDM group #1. 

The example in Table 8 demonstrated the most compact solution to dynamically switch among SDM/FDM/TDM schemes by using DMRS entries, where all the agreed rank transmission for each scheme can be support. Under the SU assumption, the scheduling flexibility of entries {3-12} are sufficient for SDM, FDM and TDM schemes respectively. To be noted, the entries {3-12} should be found in all the DMRS tables, so the solution is unified. Therefore, the entries {3-12} can be considered as the basic requirements for URLLC DMRS table, i.e. they should be enabled for M-TRP based URLLC schemes. 
Nevertheless, the scheme differentiation can be further enhanced if more entries are enabled for URLLC. For example, entries {0-2} can be allocated to FDM scheme 2a/2b because they are belonging to CDM group #0. On the other hand, although the focus of this paragraph is for URLLC discussion, it does not mean further enhancement on DMRS entries (e.g. reserved entries 13-15) for S-DCI NCJT are excluded. 

Table 8. Differentiation method based on type 1, 1 symbol DMRS table
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Remarks

(Transmission Scheme)

	
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	

	0
	1
	0
	TBD/2a/2b

	1
	1
	1
	TBD/2a/2b

	2
	1
	0,1
	TBD/2a/2b

	3
	2
	0
	2a/2b

	4
	2
	1
	2a/2b

	5
	2
	2
	3/4

	6
	2
	3
	3/4

	7
	2
	0,1
	2a/2b

	8
	2
	2,3
	3/4

	9
	2
	0-2
	1a/eMBB

	10
	2
	0-3
	1a/eMBB

	11
	2
	0,2
	1a/eMBB

	12
	2
	0,2,3
	1a/eMBB

	13-15
	Reserved
	Reserved
	


· Indication method for 2a/2b
An indication method is also needed to differentiate the scheme 2a/2b. Similarly, the indication can be semi-static or dynamic. Earlier in scheme discussion for 2a/2b[3], it has been demonstrated that, the main benefit of scheme 2b is the stronger self-decodable capability, especially when one of the TRP-UE link is under severer deterioration. NW may have the prior-information of channel variation based on CSI acquisition mechanism during regular data communication for eMBB. When URLLC traffic comes up, the NW may hope to schedule the URLLC scheme 2b in against the aforementioned channel deterioration. Considering the urgent and low latency requirement of URLLC data, dynamic scheme indication is more suitable than semi-static solution. 

However, in order to minimize the spec impact, it is preferred to reuse the existing field in DCI as the scheme indication for 2a/2b. For example, when both 1st and 2nd TB indication fields are valid in the DCI (maxNrofCodeWordsScheduledByDCI = 2), the NDI bit of the 2nd TB is not used. Thus, it can be reused to differentiate scheme 2a/2b. 

· Indication method for 3/4
As mentioned in earlier section, the differentiation of scheme 3 and 4 can rely on the repetition factor, if each scheme has own dedicate repetition factor e.g. by RRC to be explicitly configured. However, according to the email discussion [98-NR-18], it is still under discussion that for scheme 3 the repetition factor may be dynamically indicated or be fixed, and for scheme 4 either dynamic or semi-static indication is still possible. Therefore it can be premature to discuss the scheme differentiation among scheme 3 and 4 until their indication mechanism of repetition factors has been clarified.
Proposal 18: For single-DCI based URLLC schemes 2a/2b/3/4, support following indication principles:
· Support dynamic switching between FDM and TDM schemes according to DMRS entries  

· Support dynamic switching between FDM schemes 2a and 2b by using the un-used bit in DCI, e.g. NDI bit of the 2nd TB. 
4.2 Remaining Design for URLLC Schemes 2a/2b

· TBS alignment for scheme 2b
The FD-RA mechanism for URLLC FDM schemes 2a/2b has been agreed in RAN1 #98. The comb-like allocation method is applied to all the cases of PRG size. According to the agreed method, it can be concluded that, frequency resources allocated to different TRPs may be un-equal, with a difference up to one PRG or RB. For example, in case the PRG size is wideband, the FD-RA1 contains 1 more RB than FD-RA2 if the number of RBs within the active BWP is odd. For the cases of RPG size is set to 2 or 4, the FD-RA1 could have 1 more PRG than FD-RA2 if the allocated RBs constitute odd numbered PRGs (as demonstrated in Figure 10). 

In scheme 2b, each FD-RA corresponds to a CW. For example, the CW0 is mapped to FD-RA1, and the CW1 is mapped to FD-RA2. As the Rel-15 codeword-to-layer mapping rule is reused in Rel-16, a restriction on scheme 2b can be foreseen that, only 1 TB indication field can be enabled because the transmission layers are up to 2. Thus, only one MCS indication within the enable TB is informed to UE.  On the other hand, actually two CWs are scheduled with the same data per CW. Each of them may be allocated by different frequency resources with up to one PRG or RB difference, but they should have the same TBS due to repetition.

It seems that dedicated MCS indication for each CW may be needed to align the TBS when the allocated frequency resources are un-equal. But considering there may be only 1 RB or 1 PRG difference, the coding rate is slightly different from each other. It will be almost impossible to find such two matched MCS indexes in the MCS table. 
It is also possible to have scheduling restriction to ensure that frequency resources are always equally allocated for each TRP. For example, if the BWP is sufficiently big, it may be easier to schedule even number PRGs under both type0 and type1 configuration. However, when the BWP includes less RBs, it may be inevitable to schedule and use the first and the last PRG at the BWP boundary. Then it can be relatively complex to ensure equal frequency resource allocation as those two PRGs can have different number of RBs. It seems that the NW should always avoid to schedule the first and the last PRG, and ensure the allocated PRGs are even, resulting in the increased complexity for NW. 
Instead, for un-equal FD-RAs, UE can simply determine the TBS of the 1st CW according to the MCS indicated via DCI, then determine the coding rate of the 2nd CW based on the assumption that it has the same TBS and modulation order as the first one. There is almost no spec change and additional UE complexity, but only need to clarify the UE behaviour under scheme 2b.  

Proposal 19: For URLLC schemes 2b, TB repetition conveyed by FD-RA associated with the 2nd TCI state is assumed to have the same TBS and modulation order with the TB conveyed by FD-RA associated with the 1st TCI state.
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Figure 10 Example of comb-like FD-RA for FDM schemes 2a/2b
· RV mapping for scheme 2b
In Rel-15, as agreed in RAN1#90bis, RV combining sequence {0, 2, 3, 1} can provide the best decoding gain. The upper limit of the code rate at which each RV is self-decodable is in the following order: 0>3>>2>1, so 0 and 3 can provide better self-decidability.

Observations: 

· If performance is the priority, {0,2,3,1} should be used. 

· If self-decodability is the priority, it should be taken into account that the upper limit of the code rate at which each RV is self-decodable is in the following order: 0>3>>2>1

Agreement: 

· The default RV order is {0,2,3,1} for cases where RV index is not explicitly signalled or otherwise specified and there is no ambiguity about which instance of a transmission occurred, for both BG1 and BG2

The scheme 2b is beneficial for URLLC transmission, especially when the coding rate is very low, or there’s severer deep fading in one of the TRP-UE links. Since URLLC traffic usually requires stringent latency, re-transmission would not be preferred. Thus, when scheme 2b is applied, at least one transmission (repetition) include initial-transmission, and the other transmission (repetition) can be re-transmission, e.g. rvid  =3, to harvest coding gain. 

For the scenario in which scheme 2b can be more beneficial, self-decodability is more preferred so that RV sequence {0, 3} should be supported in case that any of two links is good enough. For other channel conditions, RV sequence {0, 2} should be supported as well to provide the best performance by soft combining gain. It is also beneficial to have switched RV sequences, e.g. {2, 0} and {3, 0}, to save TCI codepoints by fully reusing existing 2 bit RV field. 

Proposal 20: RV sequences {0, 2}, {2, 0}, {0, 3}, {3, 0} should be supported for RV indication of scheme 2b.

· Multiple DCI based FDM scheme for URLLC
The multiple DCI based FDM scheme may provide extra scheduling flexibility for scheme 2b than single-DCI bases solution, in terms of independent FD-RA, MCS, RV etc. However, such flexibility is not essential requirement of URLLC, while the reliability enhancement for PDCCH/PUSCH/PUCCH are still waiting. Considering the limited time, the multiple DCI based FDM scheme for URLLC should be deprioritised in Rel-16. 

Proposal 21: Deprioritize multiple DCI based FDM scheme for URLLC at least in Rel-16. 
4.3 Remaining Design for URLLC Schemes 3/4

In RAN1#98 meeting, agreements on URLLC TDM schemes 3/4 are listed as below:
Email discussion [98-NR-18]

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

· Time domain resource allocation indication
For time domain resource allocation indication of TDM scheme, the priority is to determine the indication of the repetition number for scheme 3 and 4. 

For scheme 3, it is agreed that the indication is dynamic. The down-selection option listed in e-mail discussion [98-NR-18] can be mainly divided in to two categories, the repetition times can be larger than 2, and the repetition time is up to  2. 

For PDSCH mapping type B @ L = 4 or 7, the maximal repetition time of 2 is natural due to the slot boundary constraint. But for PDSCH mapping type B @ L= 2, it theoretically can support up to 7 repetitions within a slot. The restriction to maximal 2 repetition can be too limited that the spatial diversity between TRPs may be gone as one of the repetition may be dropped due to collision with UL symbols etc. In addition, for typical URLLC application, the TB size is usually very small, e.g. 32 bytes. The coding rate is already sufficiently low that limited coding gain can be obtained by merging two 2-symbol PDSCHs into one 4-symbol PDSCH. On the other hand, more repetition usually bring extra reliability against dramatically varying channel conditions, e.g. UE rotation under FR2 or under high mobility scenario, where the PDSCHs repetitions with all the 4 RV versions can be combined. The reliability of the transmission by simply using two 4-symbol repetitions to replace four 2-symbol repetitions may be challenged under above scenarios. Therefore, the maximum repetition times for PDSCH with L = 2 should not be limited to 2. 

Proposal 22: For scheme 3, the maximum number of repetitions can be larger than 2, at least when L=2. 
On the other hand, for PDSCH with L= 2, supporting six repetitions within a slot can be relatively less important since almost entire slot will be occupied to accommodate 6 repetitions and the chance of collision with UL symbols can be increased. Therefore the repetition times of 2 or 4 should be sufficient in general for PDSCH with L=2. 

As the repetition number have very limited options, i.e. 2 repetitions for L=4, 7, and 2/4 repetitions for L = 2, it seems not be necessary to introduce new indication field for flexible scheduling. Instead, a simple solution is to pre-define repetition times according to dynamically indicated starting symbol location S. One example can be given. When starting symbol location is in the first half slot (i.e. [0-6]), the repetition time for L= 2 is fixed to 4. When the starting symbol location is in the second half slot (i.e. [7-10]), the repetition time for L=2 is fixed to 2. The repetition times for L= 4, 7 is fixed to 2. This method does not introduce any new signalling impact and can provide the NW a certain degree of freedom to schedule up to four repetition occasions within a slot to against severe channel fading. 

For scheme 4, the indication mechanism can reuse the Rel-15’s for minimized spec impact. We do not see any fundamental difference between Rel-15’s slot aggregation and the M-TRP based URLLC scheme 4, expect the number of TCI states increased from 1 to 2. Therefore, a high-layer signalling is sufficient. 

Proposal 23: For indicating the number of transmission occasions for M-TRP based URLLC scheme 3 and scheme 4, 
· For scheme 3, support option 1-3 whereas the number of transmission occasion K for L=2   depends on starting symbol location S, e.g.  K= 4 when S <=6 otherwise K = 2. 
· For scheme 4, support option 2.
· TCI state association mechanism 
Two TCI states association mechanism has been discussed: cyclical (option 1) and sequential (option 2) as shown in Figure 11. 

· Option 1: For cyclical association, 2 TCI states are mapped in turns for every transmission occasion. The benefit is that each TRP can obtain better time domain diversity, i.e. transmission are more separated in time domain.

· Option 2: For sequential association, the 1st TCI state is associated to the first half transmission occasions, and the 2nd TCI state is associated to the second remaining transmission occasions. The advantage is that, frequency beam switching can be avoided, only when applied in FR2. 

Since option 1 may provide better spatial diversity gain in case of potential dropping,  option 1 is slightly preferred than option 2.
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Figure 11 Example for association of TCI states and the transmission occasions in repetition transmission
For scheme 3, it is possible that some of repetitions are conflicted with the UL symbols, and one option is to drop these repetitions. In this case, there are two ways to map the TCI states to the repetition. One way is to map different TCI states to each of the ‘nominal’ repetition which is the repetition indicated by DCI. For example, as shown in Figure 12, 4 ‘nominal’ repetitions are configured and 2 of them are dropped due to that some of the occupied symbols are for UL, so the remaining repetitions use same TCI state. In this case, it is not the optimal mapping way for diversity transmission since only one TCI state is used for the TB. 
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Figure 12 Example for TCI states mapping to each ‘nominal’ repetition alternately
Another way is to map the TCI states to each of the actual repetition. For example, as shown in Figure 13, same assumption as the example shown above, the remained repetitions can use different TCI states. It is an optimal mapping way for diversity transmission which is more robust.
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Figure 13 Example for TCI states mapping to each actual repetition alternately

In Rel-15 slot-based PDSCH repetition mechanism among multiple slots, when any OFDM symbol of a repetition is collided with UL OFDM symbol in a slot from the multiple slots, the repetition is dropped in that slot. Similarly, the same rule can be supported for scheme 4. Based on this situation, when the repetition time is larger than the number of TCI states, we need to define the mapping rule between TCI state and each repetition. For example in Figure14, 4 ‘nominal’ repetitions are configured and only two of them can be actually transmitted. Then, the 1st TCI state is used for the 1st ‘nominal’ repetition and the 2nd TCI state is used for the 3rd ‘nominal’ repetition. In this case, the mapping way can make sure that at least one repetition is from each TRP to provide more robustness.
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Figure 14 Example for TCI states mapping to the repetitions for scheme 4
Proposal 24: For M-TRP based URLLC schemes 3 and 4, 2 TCI states in one TCI codepoint are associated to different transmission occasions according to a pre-defined mapping order, e.g. sequentially mapping TCI state(s) to the actual repetition occasions in an interleaved manner.

· Handling for conflict 
For scheme 3, the dynamic TD-RA indication method is under discussion. In general, the TD-RA usually can determine the symbol location of the first TB transmission, and the symbol locations of repetition transmissions are sequentially allocated according to a predefined rule, e.g. consecutive or a fixed offset. Therefore, the first TB transmission is usually flexible enough to be scheduled on DL symbols, but the repetition transmission may or may not be able to avoid the conflicts with UL symbols. 

If a target TB repetition transmission is collided with UL symbol(s), it can be dropped based on above discussion. If the number of  repetitions is larger than 2, the spatial diversity may be still achievable by using the TCI state mapping mechanism after dropping shown in Figure 14. However, for cases that only 2 repetitions can be scheduled, the transmission may be fall-back to single TRP, if the collided repetition is simply dropped. It is therefore necessary to consider a mechanism to postpone the 2nd PDSCH transmission if there are enough available DL symbols to accommodate behind the UL symbols. 
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Figure 15. Dealing with the conflict between repetition transmission and UL symbols
An example is given in Figure 15, where 2 TB repetitions with length of 4 symbols are scheduled consecutively. According to the TD-RA, the 2nd TB repetition is collided with 2 UL symbols. Then, it can be postponed 2 symbols to avoid the UL symbols. As there are 4 available DL symbols, they are perfectly matched with the 2nd repetition. If the postpone operation causes new confliction, e.g. across slot boundary or collided with other UL symbols, the 2nd TB repetition is dropped. 
Proposal 25: For scheme 3 with scheduled two PDSCH repetitions in a slot, if the 2nd PDSCH repetition is collided with uplink symbol(s), consider to postpone it to symbol location right behind the uplink symbol(s). 

· Channel interpolation
As well know, the joint channel estimation have the extra benefit in against severe channel condition. The straightforward example is the use of additional DMRS column in medium or high mobility scenarios. In URLLC scheme 3 & 4, same single or multiple DMRS port(s) are assumed to be applied across different TB repetition transmissions. In this sense, the channel interpolation can be naturally supported for scheme 3 & 4.

On the other hand, it may cause the latency issue. Thus if the channel interpolation is to be supported, an ON/OFF switch is necessary. To be noted, the channel interpolation should be performed on TB repetition transmission associated to the same QCL information. 

Proposal 26: Consider to support channel interpolation for URLLC schemes 3/4 with dynamical signalling.

· Semi-static HARQ-ACK enhancement
In Rel-15, PDSCH occasion is used to determine the HARQ-ACK bits for semi-static HARQ-ACK codebook generation. In Rel-15, The PDSCH occasion can be determined as following, each row of the table for SLIV is used to determine the PDSCH occasion and if the time domain resource of the two rows are overlapped, they are counted as one PDSCH occasion considering that they cannot be simultaneously scheduled. To be more specific, UE would determine a set of occasions for candidate PDSCH receptions or SPS PDSCH releases according to a pseudo-code in section 9.1.2.1 of TS 38.213. 
Take the example shown in Table 9 as a configured SLIV and Figure 16 as the related PDSCH occasion determination, 4 rows in R set are configured for TDRA, UE would firstly find the smallest last OFDM symbol among the 4 rows which can be seen is symbol#6, so that the 1st PDSCH occasion is determined. After that, all the rows with the starting symbol earlier than symbol#6 including row 0, 1 are removed from the R set, and R set only contains row 2 and row 3. Then, find the smallest last OFDM symbol among the remaining 2 rows in the R set which is symbol#9, and the 2nd PDSCH occasion is determined. Since the start symbol of row 2 and 3 are all earlier than symbol#9, the two rows are removed and the R set is empty. After the above procedure, 2 PDSCH occasions are determined and semi-static HARQ-ACK codebook will be generated according to those PDSCH occasions. Two HARQ-ACK information shown in Figure 16 are associated with two PDSCH occasions respectively.
Table 9. An example for the table configured for SLIV

	Row index
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	0
	13

	1
	Type B
	0
	3
	4

	2
	Type B
	0
	8
	2

	3
	Type B
	0
	8
	6
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Figure 16 Example for determining PDSCH occasion for HARQ-ACK codebook generation
When scheme 3 is used, let’s assume that the repetition time of row 1 and row 2 in Table 9 is 2, and we use the green block to show the location of the repetition as shown in Figure 17. We should reuse the principle in Rel-15 to avoid the redundant HARQ-ACK bits, such as, the 4 rows with repetition should be counted as one PDSCH occasion due to that only one of them can be scheduled in a slot. So the UE should determine the actual time domain resource of each row according to S and L in each row of the table taking into account the repetition time. For example, to find the smallest last symbols, the repetition should be counted and the symbol#10 can be seen as the smallest last symbol. Then, all the 4 rows are counted as one PDSCH occasion and only one HARQ-ACK bits is included.
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Figure 17. Example for PDSCH occasion determination for scheme 3
Proposal 27: For URLLC scheme 3, repetition occasions in time domain should be taken into account for each row of the SLIV table, when UE determines the PDSCH occasion(s) for generating semi-static HARQ-ACK codebook.
5 Inter-cell M-TRP transmission
It was agreed to support intra-cell (same cell ID) and inter-cell (different Cell IDs) multi-TRP transmission.  Note that in LTE, inter-cell multi-TRP was also supported. As in 36.819, scenario 1~3 are for inter-cell and only scenario 4 is for intra-cell. To support inter-cell scenarios, the UE was provided with CRS related information, e.g. PCI of other cells. Then the UE can use neighbour CRS for synchronization, if possible for the UE, and following PDSCH reception for rate matching. 

Although CRS can be replaced by TRS, the periodicity of TRS is much larger than CRS which is present at almost every subframe. Therefore, for better synchronization, neighbour SSB can be informed to the UE to for better tracking of TRS. Moreover, it may be beneficial for gNB deployment, e.g. to allow relatively loose BS synchronization requirements and enable more candidate UEs for cooperation. In Rel-15 CA, SSB information from other serving cells can be informed to the UE of current serving cell by TCI framework, i.e. through SSB-Index and ServCellIndex, which can provide type C QCL information to TRS.
Therefore Rel-15 TCI framework can be updated slightly by adding new parameter for SSB reception, e.g. PCI for the SSB, so that a non-serving cell SSB information can be obtained. It can be similar with RRM configurations for serving cell and non-serving cell as well. The mechanism can work for both single- and multi-PDCCH based joint transmission. 
Proposal 28: Support enhancing TCI framework by configuring SSB information of neighboring non-serving cell, e.g. by including PCI of a SSB in a TCI state configuration.

6 Conclusion

This contribution has provided our further analysis and consideration for M-DCI and S-DCI based multiple TRP/panel transmission and reliability/robustness enhancement in Rel-16. In summary following proposals are provided in the contribution:
For UL design for M-DCI NCJT in Rel-16, we have the following proposals: 

Proposal 1: For joint dynamic HARQ-ACK codebooks, support Alt 2 whereas HARQ-ACK information bits for each TRP (identified by associated HigherLayerIndexPerCORESET) are sorted following Rel-15 procedure, and then HARQ-ACK information bits for two TRPs are concatenated by the ascending order of index values. 
Proposal 2: For determining a set of occasions for candidate PDSCH receptions, the set are determined according to the pseudo-code per the value of HigherLayerIndexPerCORESET (if configured).

Proposal 3: To convey joint HARQ-ACK codebook for M-DCI based multi-TRP/panel transmission, PUCCH resource is determined by the last DCI sorted from detected DCI formats, by the ascending orders of HigherLayerIndexPerCORESET, and then serving cell indices, and then PDCCH monitoring occasion indices.

Proposal 4: To multiplex HARQ-ACK feedback and CSI reporting for separate HARQ-ACK feedback, 

· for P/SP CSI reporting over PUCCH, the UE can establish the linkage/association between HARQ-ACK information and CSI by configuring HigherLayerIndexPerCORESET in corresponding CSI report configurations, and multiplexing P/SP CSI report(s) with HARQ-ACK information only if they are associated with the same value of HigherLayerIndexPerCORESET. 

· Otherwise, the UE may drop P/SP CSI reporting without multiplexing. 

· for AP/SP CSI reporting/UL data over PUSCH, the UE can multiplex HARQ-ACK information into a PUSCH if PDCCHs scheduling that PUSCH and the PDSCH (associated to that HARQ-ACK information) have the same value of HigherLayerIndexPerCORESET.

Proposal 5: Support increasing the maximal number of PUCCH resources configured for the first PUCCH resource set to 64.

For DL design for M-DCI NCJT in Rel-16, we have the following proposals: 

Proposal 6: For USS set j associated with a TRP (i.e. identified by the value of HigherLayerIndexPerCORESET), if required BD/CCE for this USS set exceeds the remaining number of BD/CCEs for that TRP, the remaining number of BD/CCEs is abandoned. 

Proposal 7: Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, such as {39828, 39840, 39853}, if more than 3 CORESETs are configured.
Proposal 8: For M-DCI based multi-TRP/panel transmission, the UE shall rate match around pre-configured CRS pattern(s) for a PDSCH scheduled by a PDCCH which can determine those CRS pattern(s) by associated HigherLayerIndexPerCORESET.

Proposal 9: The scheduling/HARQ order for M-DCI based Multi-TRP/panel transmission should be revised as following: 

· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i, only if two PDCCHs are associated with different values of HigherLayerIndexPerCORESET.
· The UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j,  only if two PDSCHs are associated with different values of HigherLayerIndexPerCORESET and satisfy  the corresponding UE processing time condition per PDSCH
Proposal 10: For multi-DCI based multi-TRP/panel transmission and for each PDSCH, if the offset is smaller than the threshold TimeDurationForQCL, the UE may assume that DMRS ports of that PDSCH follows QCL parameters of TCI state of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs with the same value of HigherLayerIndexPerCORESET are monitored by the UE. 
For S-DCI NCJT, we have the following proposals: 

Proposal 11: For single-PDCCH based multi-TRP/panel transmission, a new DMRS table is applicable when two TCI states are indicated by a TCI code point.
Proposal 12: To enable single-DCI based NCJT transmission for eMBB, support following entries of single front-load DMRS symbol for DMRS port indication

· for layer combinations of 1+1, 2+1, 2+2, existing Rel-15 legacy entries with 2 or 3 CDM groups

· for layer combination of 1+1, DMRS port entry {0,2} with 3 CDM groups without data for DMRS Type 2

· for layer combinations of 1+2, DMRS port entries {0,2,3} with 2 or 3 CDM groups without data 

Proposal 13: For single-DCI based NCJT transmission, as least for eMBB, layer combinations of 1+1, 1+2, 2+1, 2+2 should be supported for two front-load DMRS symbols.
Proposal 14: When 2 TCI states are indicated by a TCI code point, at least for eMBB, if DMRS ports indicated by a DMRS entry are from two CDM groups, the first indicated CDM group is the CDM group associated to the first DMRS port according to the ordering of DMRS port(s) of that entry. 
Proposal 15: 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 single CDM group, the UE applies one of the TCI states according to the CDM group index, e.g. the first and second TCI states correspond to CDM group 0 and 1 respectively. 

· If indicated DMRS ports are from three CDM groups, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM group(s). 

Proposal 16: For single-DCI based Multi-TRP transmission, when the scheduling offset of PDSCH is smaller than the threshold of timeDurationForQCL,

· If the Rel-15 default TCI-state (i.e. the activated TCI-state of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot after reception of the activation command of TCI states) is included in one or more TCI codepoint(s), the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by the lowest codepoint among TCI codepoint(s) containing that Rel-15 default TCI-state; 

· Otherwise, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by the Rel-15 default TCI-state. 
Proposal 17: Support 2 PT-RS ports for multi-TRP with single PDCCH if two TCI states is indicated by one TCI code point, where 

· the first PT-RS port is associated with the lowest indexed DMRS port corresponding to the first TCI state, and

· the second PT-RS port is associated with the lowest indexed DMRS port corresponding to the second TCI state. 
For Reliability/Robustness enhancement with Multi-TRP/Panel transmission, we have the following proposals: 
Proposal 18: For single-DCI based URLLC schemes 2a/2b/3/4, support following indication principles:
· Support dynamic switching between FDM and TDM schemes according to DMRS entries  

· Support dynamic switching between FDM schemes 2a and 2b by using the un-used bit in DCI, e.g. NDI bit of the 2nd TB. 
Proposal 19: For URLLC schemes 2b, TB repetition conveyed by FD-RA associated with the 2nd TCI state is assumed to have the same TBS and modulation order with the TB conveyed by FD-RA associated with the 1st TCI state.

Proposal 20: RV sequences {0, 2}, {2, 0}, {0, 3}, {3, 0} should be supported for RV indication of scheme 2b.

Proposal 21: Deprioritize multiple DCI based FDM scheme for URLLC at least in Rel-16. 
Proposal 22: For scheme 3, the maximum number of repetitions can be larger than 2, at least when L=2. 
Proposal 23: For indicating the number of transmission occasions for M-TRP based URLLC scheme 3 and scheme 4, 
· For scheme 3, support option 1-3 whereas the number of transmission occasion K for L=2   depends on starting symbol location S, e.g.  K= 4 when S <=6 otherwise K = 2. 
· For scheme 4, support option 2.
Proposal 24: For M-TRP based URLLC schemes 3 and 4, 2 TCI states in one TCI codepoint are associated to different transmission occasions according to a pre-defined mapping order, e.g. sequentially mapping TCI state(s) to the actual repetition occasions in an interleaved manner.

Proposal 25: For scheme 3 with scheduled two PDSCH repetitions in a slot, if the 2nd PDSCH repetition is collided with uplink symbol(s), consider to postpone it to symbol location right behind the uplink symbol(s). 

Proposal 26: Consider to support channel interpolation for URLLC schemes 3/4 with dynamical signalling.

Proposal 27: For URLLC scheme 3, repetition occasions in time domain should be taken into account for each row of the SLIV table, when UE determines the PDSCH occasion(s) for generating semi-static HARQ-ACK codebook.
For Inter-cell M-TRP transmission, we have the following proposal: 
Proposal 28: Support enhancing TCI framework by configuring SSB information of neighboring non-serving cell, e.g. by including PCI of a SSB in a TCI state configuration.
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