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1 Introduction

In RAN1#97 meeting [1], the following agreements on multi-TRP transmission were achieved. 
Agreement

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

· FFS: How to define capability per TRP 

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

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

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

· This does not preclude configuring the index for other purposes

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

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

Email discussion 97-NR-08

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

· Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. 
· FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Agreement

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

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

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

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

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

Agreement 

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

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

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

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

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

· 1+3 and/or 3+1

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

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

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 HARQ-ACK Codebook Generation/Transmission
In R15, both type-I (semi-static) and type-II (dynamic) HARQ-ACK codebook are specified and mandatory to the UE. In RAN1#97 meeting, it was also agreed that both joint and separate HARQ-ACK feedback are supported for M-DCI based NCJT. 
The basic concepts supported in R15 can be summarized as following as shown in Figure 1: 
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Figure 1 Generation of HARQ-ACK codebook and feedback in Rel-15
For Type-I HARQ-ACK codebook, the payload for HARQ-ACK information is semi-statically determined. The generation procedure can be summarized as following steps: 
· The UE firstly determines a set of PDSCH reception occasions according to configured values of K1 set, e.g. K1= {3, 1}. HARQ-ACK feedback for these PDSCH occasions are pointed to the same uplink slot for PUCCH transmission. 
· 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. 
· Lastly, the UE will sort and aggregate HARQ-ACK information over these PDSCH reception occasions to a single codebook with a fixed payload. 
For Type-II HARQ-ACK codebook, the payload for HARQ-ACK information is dynamically determined. The generation procedure can be summarized as following steps: 
· The UE firstly receives a set of PDCCHs over PDCCH monitoring occasions with values of PDSCH-to-HARQ_feedback timing indicator pointing to the same slot for PUCCH transmission. Each PDCCH contains total DAI indicating the total number of {serving cell, PDCCH monitoring occasion}-pair(s) up to current PDCCH monitoring occasion, and counter DAI indicating accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) up to current serving cell and current PDCCH monitoring occasion.
· Then the UE generates HARQ-ACK information for a detected DCI, where the UE only expects one DCI with DAI corresponding to the uplink slot for PUCCH transmission. 
· Lastly, the UE sorts HARQ-ACK information by the order determined by DAI and map them to a codebook accordingly. 

For HARQ-ACK reporting, the UE determines the PUCCH resource according to a last DCI which is defined over the detected DCI formats, which are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. The example can be referred to the DCI with circle as in Figure 1.
However HARQ-ACK reporting in Rel-15 basically does not consider multi-PDCCH reception per PDCCH monitoring occasion for eMBB and overlapped PDSCH scheduling scenarios. Thus, to support M-DCI based NJCT, some procedures need to be updated accordingly:  

· With separate HARQ-ACK feedback, the UE would generate HARQ-ACK information for PDSCH(s) received from each TRP, and then sort/arrange them into two HARQ-ACK codebooks. Each of HARQ-ACK codebooks will be mapped into a separate PUCCH resource and transmitted accordingly.
· With joint HARQ-ACK feedback, the joint codebook contains HARQ-ACK information for PDSCHs from two TRPs and is mapped into a single PUCCH resource.
· Separate Feedback
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Figure 2 Separate HARQ-ACK feedback in Rel-16 
For Type-I HARQ-ACK codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent with each other for DCIs received from CORESETs and associated/scheduled PDSCH, if CORESETs are configured with different values of higher layer signaling indices. For Type-II HARQ-ACK codebook, counting DAIs are independent with each other for DCIs from CORESETs, if CORESETs are configured with different values of configured higher layer signaling indices. Further detailed generation of HARQ-ACK codebook within one TRP, i.e. with the same value of configured higher layer signaling index, can follow Rel-15 specification. 

For PUCCH resource determination conveying type I or type II HARQ-ACK codebook, the last DCI among DCIs, if values of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission with slot-level granularity of K1, is determined independently for detected DCIs from CORESETs with different values of configured higher layer signaling indices. 

The example of HARQ-ACK codebook generation and PUCCH resource selection is shown in Figure 2. 
· Joint Feedback
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 Figure 3 Generation of joint HARQ-ACK codebook
For Type-I and II HARQ-ACK codebook as shown in Figure 3, R15 procedure need to be clarified from the UE perspective for joint A/N feedback by M-DCI since HARQ-ACK information is generated per PDSCH reception occasion (for Type I HARQ-ACK codebook) or per PDCCH monitoring occasion (for Type II HARQ-ACK codebook) in Rel-15. 
A simple extension is that for Type-I HARQ-ACK codebook with joint feedback, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent with each other for DCIs received from CORESETs and associated/scheduled PDSCH, if CORESETs are configured with different values of higher layer signaling indices, and then two HARQ-ACK informations are concatenated into one payload/codebook with ascending order of corresponding higher layer indices configured in CORESETs. Similar mechanism is applied to Type-II HARQ-ACK codebook for joint feedback which can concatenate separated HARQ-ACK information into single payload according to higher layer indices configured in CORESETs. Therefore, we have the following proposal:
Proposal 1: For joint semi-static and dynamic HARQ-ACK codebooks, HARQ-ACK information bits for each TRP (identified by associated higher layer index per CORESET) are sorted following Rel-15 procedure, and then HARQ-ACK information bits for two TRPs are concatenated by the ascending order of index values. 
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Figure 4 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 higher layer index configured within CORESETs, after sorting by {serving cell indices, PDCCH monitoring occasion indices}, e.g. the DCI selected by the circle shown in Figure 4. 
Proposal 2: 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 higher layer indices configured in CORESETs, and then serving cell indices, and then PDCCH monitoring occasion indices. 

2.1.2 Remaining Details of UCI Reporting 
· PUCCH format

In general, short PUCCH can be used for CSI feedback with a relatively short periodicity whilst long PUCCH are optimized for UL coverage. In R15, since only one PUCCH carrying HARQ-ACK codebook within one slot is allowed, in general there’s no need to support two long PUCCHs within the slot for better HARQ-ACK reliability. Therefore Rel-15 specification allows only one long PUCCH and one short PUCCH within a slot. 
However, for M-DCI based multi-TRP transmission, it has been agreed that two PUCCHs carrying HARQ-ACK would be TDM-ed within the slot.  It would be beneficial to support two long PUCCH formats in one slot, at least for transmitting two HARQ-ACK information separately. Otherwise, one PUCCH resource conveying HARQ-ACK can only occupy up to two symbols, if following Rel-15 restriction. Moreover, since a NCJT UE is likely to be located at cell-edge or close to cell-edge in order to receive joint transmission from M-TRP, the propagation channel from two TRPs received at the UE can be similar and it is likely that the UE/NW requires more than two symbols per PUCCH resource. 

Thus we have the following proposal.

Proposal 3: Support UE transmitting two TDM-ed PUCCHs in a slot, using formats 1 or 3 or 4.
· 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 5, 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. 
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Figure 5 UE behaviour of multiplexing HARQ-ACK and CSI for two TRPs

One possible way to avoid such an ambiguity can be considered by re-using the higher layer signaling index per CORESET 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 higher layer signaling index per CORESET) 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 higher layer indexes.

Moreover, if the configuration of CSI reporting and HARQ-ACK cannot be associated/linked by the same value of higher layer single index 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 5 to drop that P/SP CSI report at given time slot if necessary.
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Figure 6 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 6, 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 higher layer index per CORESET, as shown in the lower sub-figure in Figure 6. 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. 

For the remaining PUCCH, e.g. PUCCH 2 in Figure 6, it's critical to define dropping/multiplexing rules in case that the UE cannot transmit PUCCH and PUSCH simultaneously. After the UE piggyback HARQ-ACK1 into the PUSCH, that PUSCH can overlap some symbols with another PUCCH 2 for TRP2. When both PUSCH and PUCCH carries HARQ-ACK, dropping either of them will result in performance loss. As in Rel-15, when HARQ-ACK is contained in PUSCH, it’s placed at fixed position or right after the DMRS symbol, and coded separately from the rest data/CSI reports. The simple solution could be to prioritize PUCCH transmission over overlapped symbols between PUSCH and PUCCH (e.g.  PUCCH 2 in Figure 6) and drop PUSCH transmission over those symbols.  

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 a higher layer signaling index in corresponding CSI report configuration, and multiplexing P/SP CSI report(s) with HARQ-ACK information only if both higher layer signaling indices have the same value. 

· 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 higher layer signaling index per CORESET.

2.1.3 HARQ process management

For multiple NR-PDCCHs, the UE will receive multiple NR-PDSCHs using separate HARQ processes. A simple NW implementation is to allocate HARQ ID between TRPs semi-statically, e.g. TRP1 using ID 1~8 and TRP 2 using ID 9~16. Therefore, only 8 HARQ processes can be used per TRP, which will reduce the maximum buffer size of UE compared with single DCI operation and be very restrictive for some Uplink/Downlink TDD configurations. Take an example of “8DL: 2UL” TDD configuration, which is one of typical slot configurations in NR. Assume that UE detects PDSCH in slot n and can feed back ACK/NACK in slot n+3 or later. Therefore in this case total 9 HARQ process numbers are needed at least as shown in Figure 7.
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Figure 7 Example of needed HARQ processes for each TRP for “8DL: 2UL” TDD configuration with n+3 feedback
One straightforward solution is to increase the number of HARQ IDs, e.g. 16(32. However this method will increase the number bits of HARQ process ID in DCI. Therefore, in order to maintain consistency of the maximum buffer size of the UE without introducing new DCI format, the number of HARQ processes among TRPs can be implicitly increased. For example HARQ process ID and other parameter related to PDCCH can be used jointly to distinguish actual HARQ process. For instance, PDSCH #1 is associated with HARQ ID #1 scheduled by PDCCH #1, and PDSCH #2 is also associated with the same HARQ ID #1 scheduled by PDCCH #2. Since PDCCH #1 and PDCCH #2 is configured in different CORESETs from different TRPs, the UE can distinguish them and using separate buffer/memory when processing HARQ processes. Based on the above analysis, we have following proposal:

Proposal 5: The UE shall use both HARQ process number indication and associated higher layer signaling index per CORESET to distinguish specific HARQ process.
2.2 Downlink Design for M-DCI NCJT

2.2.1 PDCCH Enhancements for M-DCI 

It was agreed that # of CORESETs, BD, and CCEs will be increased, but the impact of blocking probability, UE complexity shall be also considered. 
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. The detailed analysis can be found in [2]. 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 8. 
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Figure 8 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 6: 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.
In Rel-15, the maximum number of BD and CCEs are defined so that the UE is not required to monitor more than defined maximum number of BD/CCEs. Moreover, the gNB may allocate PDCCH candidates for monitoring USS sets in a slot only for the primary cell with more than the upper limit of BD/CCEs, then the UE needs to allocate PDCCH candidates following a priority rule for those overbooked PDCCH candidates, i.e. keeping candidates with lower search space/candidate indexes. 
For multi-PDCCH based NCJT, the maximum number of BD/CCE may be increased based on existing agreement and detailed number/design may be subject to further UE capability discussion. As an example, assuming that the maximum number of BD/CCEs can be increased to an integer n larger than 44 for[image: image9.wmf]0
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, and configured the number of PDCCH candidates over Pcell is N which is greater than n. Then the UE needs to conduct the pseudocode among all configured candidates based on the priority rule for overbooking. For a PDCCH candidate, the UE needs to compare it with all candidates with lower search space set indexes, and lower candidate indexes. The overall PDCCH candidate determination complexity increases exponentially, depending on both values N and n. 

Thus in order to reduce such a complexity of PDCCH candidate determination, the gNB may ensure that only one out of TRPs may overbook PDCCH candidates. For example, TRP #1 may configure 56 PDCCH candidates in the PCell but TRP2 shall not configure more than 44 candidates. Then the UE could apply the priority rule for those overbooked candidates assigned to TRP 1. Therefore, we have the following proposal,  
Proposal 7: To reduce PDCCH determination complexity of UE, the PDCCH candidate overbooking rule/pseudocode in the Pcell is only applied to PDCCH candidates associated with CORESETs configured with the smallest value of higher layer signaling indexes. 

2.2.2 PDSCH Enhancements for M-DCI
· PDSCH Scrambling  

It was agreed that different PDSCH scrambling sequences can be supported for PDSCHs, for eMBB with multi-DCI based multi-TRP/panel transmission. The remaining problem is, how to associate dataScramblingIdentityPDSCH with PDSCHs from different TRPs, for the UE de-scrambling PDSCHs. It has been agreed that a higher layer signalling index per CORESET is used to generate separated ACK/NACK codebook. Therefore such an index can be reused for associating PDSCH and dataScramblingIdentityPDSCH. The UE can identify the dataScramblingIdentityPDSCH to be used from the detected DCI which is associated to the value of higher layer index configured per CORESET.
Proposal 8: When two dataScramblingIdentityPDSCHs are configured, each of them is associated with the value of higher layer signaling index configured per CORESET.

· Rate matching
In last meeting, it was agree that the parameter lte-CRS-ToMatchAround is extended to be configured with multiple CRS patterns in a serving cell. In R15, lte-CRS-ToMatchAround parameter is contained in ServingCellConfig. For multi-TRP transmission, it’s possible that two NR TRPs co-exist with two LTE TRPs with different LTE cell IDs, sharing the same frequency resource allocation. For example, when inter-cell interference is not severe, the UE may only rate match around single CRS pattern affecting one PDSCH. When one PDSCH from one NR TRP generates strong interference to more than one LTE cells, e.g. depending on UE geometry, then rate match around multiple CRS patterns could be more beneficial.
To achieve such rate matching flexibility, when configured with CRS pattern(s), the UE is also provided with one or more CORESET indexes associated with a CRS pattern. Then, when a PDCCH schedules a PDSCH, the UE may conduct rate matching around all associated CRS patterns for that PDSCH corresponding to that PDCCH/CORESET. For example, it is possible that in Rel-16 two lte-CRS-ToMatchAround parameters may be included and within each lte-CRS-ToMatchAround one or more CORESET indexes of this serving cell can be configured to link a CRS pattern to one or more CORESET(s). 
The same mechanism is applicable for both S-DCI and M-DCI based NCJT. In that case, the gNB may configure all CORESET indexes to multiple CRS patterns.
Moreover, CRS locations/patterns will also impact DMRS OFDM symbol locations for the case with one additional DMRS and 13/14-symbol PDSCH scheduling duration. To be more specific, when DMRS and CRS are overlapped at certain symbol(s) as shown in entries 13 and 14 in Table 7.4.1.1.2-3 in 38.211, the additional DMRS symbol location would be shifted to the 13th OS otherwise it is located at the 12th OS. For multi-TRP/panel transmission, in order to make sure that all DMRS symbol locations for two received PDSCHs are aligned with each other, additional DMRS symbol location should be determined according to all configured CRS pattern(s), alternatively additional DMRS symbol location can be fixed to the 13th OS, when at least one CRS pattern is configured.
Proposal 9: For both M-DCI and S-DCI based M-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 the CORESET index;
· the UE shall determine the DMRS symbol location for each scheduled PDSCH according to pre-configured CRS pattern(s) associated with that PDSCH.

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 An illustration of single DCI based multi-TRP transmission

3.1.1 DMRS port indication
In RAN1#97 meeting, some detailed principles have been agreed for single front-load symbol DMRS and eMBB. Therefore some detailed entries of DMRS port indication table for SU-MIMO are proposed and shown in Table 1 and Table 2.  Further detailed DMRS table design are provided in [2].
For better clarification, the new entries, which have not been included in Rel-15, are marked in red, i.e., entry 2 in Table 1 and entries 2 and 4 in Table 2 respectively. For DMRS type 2, the entries 4-7 (with number of CDM groups without data =3) can provide higher power boosting gain of 4.77dB of DMRS EPRE over PDSCH EPRE, which is beneficial to improve channel estimation accuracy for cell edge M-TRP UEs. 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. 
Table 1 DMRS port indication entries for Type 1 with single symbol

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled

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

	0
	2
	0,2

	1
	2
	0,1,2

	2
	2
	1,2,3

	3
	2
	0,1,2,3


Table 2 DMRS port indication entries for Type 2 with single symbol
	One codeword:

Codeword 0 enabled,

Codeword 1 disabled

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

	0
	2
	0,2

	1
	2
	0,1,2

	2
	2
	
1,2,3

	3
	2
	0,1,2,3

	4
	3
	0,2

	5
	3
	0,1,2

	6
	3
	3,4,5

	7
	3
	0,1,2,3


Moreover, it has been agreed that the DMRS table size is the same as Rel-15 at least for DCI format 1-1. Then in order to determine which table or entry is enabled for given UE operating M-TRP, one simple approach is to refer to the TCI state indication in the DCI. For example, if one TCI state is indicated by the TCI code point, then Rel-15 table/entry is applied, otherwise Rel-16 DMRS table/entry (only if a Rel-16 UE can support) is applied. In this way, Rel-15 and Rel-16 DMRS indications can be switched dynamically based on indicated TCI code point. 
Proposal 10: For single-DCI based NCJT transmission, at least for eMBB, support following new entries in addition to Rel-15 legacy entries, which are enabled when the TCI code point indicates more than one TCI states: 
· DMRS ports {1,2,3} with 2 CDM groups without data, for DMRS type 1 with single front-loaded symbol 

· DMRS ports {1,2,3} with 2 CDM groups without data and {0, 2} with 3 CDM groups without data,  for DMRS type 2 with single front-loaded symbol 

· Supported MU cases

For MU case between M-TRP UE and single-TRP (S-TRP) UE, not supporting such case will strongly restrict network scheduling and harm the spectrum efficiency. For example, if UE is only scheduled as SU in M-TRP scenario, then the resources used by M-TRP UEs can be no longer re-scheduled for any S-TRP UEs of coordinated TRPs. This restriction will be profound when there are plenty of M-TRP UEs or coordinated TRPs. As shown in our previous simulation, 40% UEs in whole network can be operated in M-TRP scenario, where the scheduling of M-TRP UEs is not restricted, so they could be SU or MU. If the network can only schedule these M-TRP UEs in SU, then the network performance will be restricted severely. Note that M-TRP is also beneficial for moderate network load scenario, e.g., 40%~60% RU [3] [4]. Therefore, the MU paring case of M-TRP UE and S-TRP UE is necessary. 

The scenario of MU pairing between NC-JT UEs has already been supported in LTE Rel-15, as shown in Table 3, where two rank-2 M-TRP UEs can be paired by value #2 and #4 (in yellow) or by value #3 and #5 (in blue). Note that Table 5.3.3.1.5D-2 is for NC-JT only since it is enabled by qcl-Operation is set to ‘type-C’ in LTE. Therefore, continuously supporting the MU pairing case between M-TRP UEs is beneficial for NR. 

Table 3 DMRS port indication table in LTE Rel-15 NC-JT for DCI format 2D (Table 5.3.3.1.5D-2)
	Two Codewords 

	Value
	Message

	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	3 layers, ports 7,9,10

	7
	4 layers, ports 7-10

	8
	5 layers, ports 7,8,9,10,12

	9
	6 layers, ports 7,8,11,9,10,12

	10
	7 layers, ports 7,8,11,9,10,12,14

	11
	8 layers, ports 7,8,11,13,9,10,12,14

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


Proposal 11: For single PDCCH based NCJT transmission, support MU pairing cases, i.e., M-TRP UE and S-TRP UE, and M-TRP UE and M-TRP UE.
· Supported DMRS configurations
Besides the agreed single front-load symbol, 2 front-load symbol DMRS is also needed to guarantee that the cell edge M-TRP UE can achieve satisfied channel estimation performance, due to the additional 3dB gain obtained by TD-OCC. Furthermore, 2 front-load symbol DMRS can also provide much more scheduling flexibility for network, e.g., a M-TRP UE scheduled with 3+1 or 1+3 layers from two TRPs can only be supported by 2 front-load symbol DMRS. For better explanation, examples of DMRS tables are given in [2]. 
Proposal 12: For single-DCI based NCJT transmission, support enhancing DMRS port indication with two front-load symbols. 
3.1.2 TCI-DMRS relationship

In previous meetings, it has been agreed that one or two TCI states can correspond to one TCI code point. In specific, it has been agreed that 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. However, the mapping scheme between TCI states and CDM groups has not been decided yet.

One straightforward way is based on the number of TCI states and the number of occupied CDM groups of indicated DMRS ports as shown in Table 4: 

· 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, then DMRS ports are mapped to TCI states according to a fixed mapping rule as 
· For one occupied CDM group, i.e., all indicated DMRS ports are from one CDM group: This can be implemented as DPS with only one of two TCI states to be valid, according to the CDM group index of indicated DMRS ports. Specifically, the first TCI state is valid if ports in CDM group#0 are indicated otherwise the second TCI state is valid. Therefore by indicating different CDM groups, one TCI code point {TRP#1, TRP#2} can present two TCI code points {TRP#1} and {TRP#2}, which can reduce required number of TCI code points configured for TCI field and provide higher flexibility by dynamic DMRS port indication. 

· For example, consider 4 TRPs={TRP#1, TRP#2, TRP#3, TRP#4} as a TRP coordination set, then 10 TCI code points are needed for all possible TCI states combinations if NW wants to achieve full flexibility by DCI, as shown in Figure 10(a). However Figure 10(a) requires a TCI field with more than 3-bit. On the other hand, with proposed scheme, 6 TCI code points are sufficient to support full combinations as shown in Figure 10(b), where each TCI code point can be further interpreted as two “equivalent” TCI states according to the indicated CDM group in DMRS port indication. For example, for TCI code point 1, if CDM group#0 is indicated, then {TRP#1} is valid otherwise {TRP#2} is valid. In the other words, to achieve the same NW flexibility, proposed scheme can save 1 bit. Moreover, if the NW wants to realize DPS with more than one CDM groups, e.g., DMRS ports as {0, 2}, then entries 7-8 in Figure 10(b) can be further configured. In this way, the proposed scheme provides additional NW flexibility without additional TCI overhead.
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Figure 10 An example of TCI indication
· For multiple occupied CDM groups, i.e., indicated DMRS ports are from multiple CDM groups: For given indicated DMRS ports, the first CDM group is mapped to the first TCI state and the rest CDM group(s) is mapped to the second TCI state. Then layer combinations from two TRPs, e.g., 1+2 and 2+1, can be supported by indicating different DMRS entries.

· For example, if DMRS ports {0, 1, 2} are indicated, then {0, 1} of CDM group #0 correspond to the first TCI state, and {2} of CDM group#1 corresponds to the second TCI state, i.e., layer combination 2+1 from two TRPs. Then if DMRS ports {1, 2, 3} are indicated, {1} of CDM group#1 corresponds to the first TCI state while {2, 3} of CDM group#2 correspond to the second TCI state, i.e., layer combination 1+2. In this way, one can easily switch between 1+2 and 2+1 by the indication in antenna port field.

In summary the mapping relationship of proposed scheme can be shown in Table 4.  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 4 Illustration of TCI states and CDM mapping rule
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Proposal 13: If two TCI states are indicated by a TCI code point, support a fixed mapping rule between TCI states and CDM group(s):

· If all indicated DMRS ports are from one CDM group, only one of two TCI states is valid, e.g., if DMRS ports from CDM group 0 is indicated then only the first TCI state is applied from the UE perspective, otherwise the second TCI state is applied;
· If indicated DMRS ports are from multiple CDM groups, the first CDM group among indicated groups is mapped to the first TCI state and the rest CDM group(s) is mapped to the second TCI state.

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

4.1 Remaining Design for URLLC Schemes 2a/2b
The PDSCH schemes 2a/2b can support the transmission from multiple TRPs, where the time-frequency resources of different TRPs are multiplexed in frequency domain. The schemes description in e-mail discussion [96-NR-09] was provided:
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation 

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

· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.

· Scheme 2a: 
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 

· Scheme 2b: 

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

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

· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed.

· Frequency domain resource allocation
One fundamental issue of FDM schemes is the frequency domain resource allocation (FD-RA) enhancement for single-DCI based URLLC reliability transmission. Our preferred design is to keep the bit length of FD-RA field the same for all URLLC schemes for simplicity. Therefore a simple way is to introduce new allocation rule for FDM schemes by reusing current FD-RA mechanism as much as possible. In Rel-15, there are two DL frequency resource allocation types, i.e. type0 and type1. The enhancement discussion is provided in terms of different allocation types respectively. 
· Type 0 DL PDSCH resource allocation:

For type 0 DL resource allocation, the FD-RA field is consisted of a bitmap indicating the frequency resource allocation per RBG.

Comb-like resource allocation between TRPs

One possible design is “comb-like allocation” that the frequency resources are sequentially allocated to TRPs in an interleaved manner. An example is given by Figure 11(a), within the BWP, the odd numbered RBGs and the even numbered RBGs are assigned to different TRPs. In other words, TRP 1 can only transmit in odd numbered RBGs, while TRP 2 can only transmit in even numbered RBGs. The bitmap is used to indicate whether a RBG is scheduled or not as usual. We can understand that, the odd bits in the bitmap are used as frequency resource indicator for one TRP, while the even bits are used for the other TRP. 
An alternative design is to use RBG set that each bit in the bitmap can be used to indicate two consecutive RBGs. As illustrated by Figure 11(b), within the same BWP, the RBGs are grouped into 3 RBG sets. Each TRP needs only 3 bits for the indication, so that the original 6 bits bitmap can support FD-RA for 2 TRPs. It is noted that if both two bits (from respective TRP), corresponding to the same RBG set, are set to ‘1’, UE can assume the RBGs within the RBG set are allocated to different TRPs respectively.

	[image: image13.emf]RBG size = 2

RB 0

RB N

6 bits bitmap

RBG 0

RBG 1

RBG 2

RBG 3

RBG 4

RBG 5

0/1


(a) Comb-like allocation
	[image: image14.emf]RBG size = 2

RB 0

RB N

RBG 0

RBG 1

RBG 2

RBG 3

RBG 4

RBG 5

6 bits bitmap

0/1


(b) RBG set


Figure 11 FD-RA indication enhancement with respect to type 0 for FDM schemes
· Type 1 DL PDSCH resource allocation:

For type1 DL resource allocation, the FD-RA field is consisted of a RIV (resource indication value) indicating the continuous VRBs (virtual resource blocks). Depending on the value “VRB-to-PRB mapping”, the VRBs are mapped to PRBs with or without interleaving operation. 

Comb-like resource allocation between TRPs
Figure 12(a) shows an example of applying comb-like method in Type1 DL resource allocation, where the bundle size for interleaving from VRBs to PRBs are set to 2. Assume the PRBs are pre-allocated to different TRPs using comb-like method, after interleaving, the PRBs used for transmission to each TRP are determined accordingly. 

Consecutive RB allocations
Another type1 DL allocation method is that the two TRPs adopt the same number of consecutive RBs with different starting RB indices. For example, as shown in Figure 12(b), the starting RB and the number of consecutive RBs of TRP 1 are indicated by the FD-RA field in the DCI. The starting RB of TRP 2 can be established according to a gap which is the gap between the last RB of the TRP1 and the first RB of TRP 2. The gap can be a default value for simplicity (e.g., gap=0), or dynamically indicated by the DCI for frequency selective gain. In this scheme, it is likely that the RBs of TRP2 exceed the bound of the BWP. To avoid such situation, the gNB can restrict the starting RB of TRP 1. 
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Figure 12 FD-RA indication enhancement with respect to type 1 for FDM schemes
· Pros and cons

Based on above analysis, the comb-like method can be applied to both type0 and type1 DL resource allocation types. In addition, it has the smaller allocation granularity compared to other methods, which could have slightly better frequency diversity gain. However, as the frequency resources have to be pre-allocated to TRPs (associated to different TCI states), it may cause some scheduling restriction at NW side. 

The method using RBG set have full flexibility in resource allocation to different TRPs. But it can only be used for Type 0 allocation and the granularity is slightly bigger than comb-like method. 

The method of consecutive VRB allocation is suitable for Type 1 allocation. It may not be beneficial in frequency diversity gain if the interleaving is not performed. In addition, the frequency resources allocated to TRPs are equal for simplicity, which may also has restrictions from NW side. 

Among these methods as summarized in Table 5, we slightly prefer the comb-like method as it is a unified design for FD-RA enhancement for URLLC FDM schemes.  

Table 5 Summary of attributes for different resource allocation methods

	FD-RA type
	Methods
	Attributes

	Type 0
	Comb-like
	Relatively easy to obtain both frequency/spatial diversity with unified solution for both type 0 and 1

	
	RBG set
	Full flexibility to allocate frequency resources to each TRP

	Type 1
	Comb-like
	Easy to obtain frequency/spatial diversity with unified solution for both type 0 and 1

	
	Two consecutive VRBs
	Always equal resources allocated between TRPs for easy implementation


Proposal 14: For M-TRP based URLLC schemes 2a and 2b, allocating frequency resources to up to 2 TRPs according to one of options for downlink resource allocation Type 0 and 1: 
· For downlink resource allocation type 0:
· Option 1: Comb-like frequency resource allocation, e.g. sequentially allocate the bitmap of resource allocations into TRPs in an interleaved manner
· Option 2: RBG set indication, e.g. each bit of the bitmap indicates two consecutive RBGs
· For downlink resource allocation type 1:

· Option 1: Comb-like frequency resource allocation, e.g. VRBs are mapped to pre-allocated PRBs which are sequentially allocated into TRPs in an interleaved manner

· Option 2: the same number of consecutive VRBs with different starting RB index for each TRP. A relative offset between two sets of VRBs can be indicated whereas the first and second sets are allocated to TRP1 and TRP2 respectively.

· Transmission layers
Basically, 2 layer transmission can provide extra reliability gain from lower coding rate, compared to the case of 1 layer transmission, when the TB size is the same. However, for more than 2 layer transmission, the inter-layer interference should be considered as a trade-off. Especially for scheme 2a/2b, each TRP in cooperation may transmit all data layers. It is different from scheme 1a, where each TRP only transmit 2 layers, and the channel between TRPs are usually low-correlated. Besides, it was agreed in last meeting that the scheme 2b can support up to 2 layers transmission. Considering the consistency design of scheme 2a/2b, the maximal transmission layer of scheme 2a should be no larger than 2. 

Proposal 15: For M-TRP based URLLC schemes 2a, support up to 2 transmission layers.
· Differentiation of scheme 2a/2b
An indication mechanism is needed to differentiate the scheme 2a/2b. For FDM schemes 2a/2b, same single or multiple DMRS port(s) are supposed to be used across different frequency resource allocations for different TRPs. For URLLC applications, probably the transmission layers are no more than 2. According to CW-2-LM rule, only 1 codeword can be recognized from UE’s perspective. The UE has to be aware of the schemes so that it may determine to perform soft-combining between the PDSCH received from different FD-RAs. 

During discussion around simulation results in previous meetings, it can be seen that scheme 2a and 2b may harvest gain under different channel environment, e.g. for different coding rate. Since coding rate is dynamically indicated in DCI through MCS indication, it’s reasonable to allow the gNB adapt to scheme 2a/2b according to dynamical indication, e.g. MCS. Thus, dynamic indication (some reserved bits in the DCI) of scheme 2a/2b should also be considered to fully explore the potential of scheme 2b for URLLC transmission.
Proposal 16: For M-TRP based URLLC schemes 2a and 2b, support dynamic differentiation of schemes 2a and 2b by DCI.

· TCI states association mechanism

In general, the number of TCI states is up to the number of TRPs in a cooperation set for FDM schemes. Supporting a larger cooperation set could result in significantly increased complexity in the FD-RA indication. RAN1 may consider 2 TRPs in cooperation for URLLC scheme 2a/2b as a starting point. Therefore it can be assumed that the TCI indication method for M-TRP eMBB can be reused, i.e. up to 2 TCI states in one code point in DCI. Moreover, TCI states are associated to different frequency resource allocation blocks respectively, whereas detailed association mechanism depends on FD-RA enhancement discussed in earlier sub-section. For instance, if the frequency resources are sequentially allocated to different TRPs, then the possible association is that the first TCI state in the indicated TCI code point is associated to all odd numbered RBGs and the second TCI state is associated to even numbered ones, if considering downlink resource allocation type 0.

Proposal 17: For M-TRP based URLLC schemes 2a and 2b, support up to 2 TCI-states per TCI code point. 
4.2 Remaining Design for URLLC Schemes 3/4
The PDSCH schemes 3/4 can support the transmission from multiple TRPs, where the time-frequency resources of different TRPs are multiplexed in time domain. The schemes description in e-mail discussion [96-NR-09] was provided:
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 

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

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

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

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

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

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

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

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

· Time domain resource allocation indication
The time domain resource allocation (TD-RA) indication needs to be enhanced. The Rel-15 slot aggregation consists of a repetition factor and a resource allocation rule, i.e., N repetition across N consecutive slots, where each repetition transmission occupies exactly the same symbol locations in the slots as indicated by the single DCI. The above mechanism could be directly used for scheme 4, but may not be fully applicable for mini-slot based scheme 3. In this sub-section, the design of TD-RA to enable the scheme 3 will be discussed. 

In general, the difference of TD-RA between scheme 3 and scheme 4 is: scheme 3 has a boundary of slot, while the scheme 4 does not. With [S, L] (SLIV) and repetition factor, UE can self-deduce all the possible PDSCH locations as long as the offset between consecutive repetition transmissions is informed or pre-defined as shown in Figure 13. In addition, a dedicate RRC signal may be needed for the repetition factor indication for scheme 3. Assuming that possible number of repetition occasions up-bounded by corresponding slot boundary is K1 for a given slot, the repetition factor indicated by RRC signalling is K2, then actual number of transmission occasions of scheme 3 within that slot is obtained according to min{K1, K2}. 
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Figure 13 Illustration of transmission schemes 3 with common offset between PDSCH repetitions
Proposal 18: For M-TRP based URLLC scheme 3, the number of repetition occasions of mini-slot is indicated by a higher layer signalling, and also upper bounded by corresponding slot boundary per slot.

· Differentiation of scheme 3/4 and 2a/2b
The differentiation method for scheme 2a/2b has been discussed in previous section. Then the scheme 3/4 can be easily differentiated if a dedicate RRC signalling for repetition time is introduced for scheme 3, while the scheme simply re-use the slot aggregation in Rel-15. Both these two signalling are RRC parameters and used to define the repetitions in the time domain. As a result, they can be used to differentiate the URLLC FDM schemes and TDM schemes. A summary is given by the Table 6. 

Table 6 Differentiation method summary for URLLC schemes 2a/2b/3/4

	URLLC scheme
	DCI
	RRC parameters

	2a
	Reserved bit is set to 0
	MiniSlotAggregationFactor =1 and SlotAggregationFactor = 1, or both are not configured

	2b
	Reserved bit is set to 1
	MiniSlotAggregationFactor =1 and SlotAggregationFactor = 1, or both are not configured

	3
	n.a.
	MiniSlotAggregationFactor >1 and SlotAggregationFactor = 1

	4
	n.a.
	SlotAggregationFactor >1 and MiniSlotAggregationFactor =1


· TCI state association mechanism
The TCI states association to each transmission occasion can be discussed. For example, the number of TRP is 2, then UE can be informed of 2 TCI state indexes via DCI (entry 6 as shown in Figure 14). At the meanwhile, the UE may be informed by high-layer signalling about the repetition number K. When K = 2, the TCI states are associated to each transmission occasions sequentially. When K = 4, the TCI states expand to 4 indexes by repetition, and then associate to each transmission occasions sequentially. In Figure 14, two TCI states can be indicated via one TCI code point of the DCI in single DCI based transmission.
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Figure 14 Example for association of TCI states and the transmission occasions in repetition transmission
However, 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 15, 4 ‘nominal’ repetitions are configured and 2 of them are dropped due to that symbol 5, 6, 12, 13 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 15 Example for TCI states mapping to each ‘nominal’ repetition

Another way is to map the TCI states to each of the actual repetition. For example, as shown in Figure 16, same assumption as the example shown above, the remained repetitions can use different TCI states. In this case, it is an optimal mapping way.
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Figure 16 Example for TCI states mapping to each ‘nominal’ repetition

Proposal 19: For M-TRP based URLLC schemes 3 and 4, support up to 2 TCI states in one TCI codepoint which are associated to different transmission occasions according to a pre-defined mapping order, e.g. sequentially mapping TCI state(s) indicated by that codepoint into actual repetition occasions in an interleaved manner.

5 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 semi-static and dynamic HARQ-ACK codebooks, HARQ-ACK information bits for each TRP (identified by associated higher layer index per CORESET) 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: 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 higher layer indices configured in CORESETs, and then serving cell indices, and then PDCCH monitoring occasion indices. 

Proposal 3: Support UE transmitting two TDM-ed PUCCHs in a slot, using formats 1 or 3 or 4.
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 a higher layer signaling index in corresponding CSI report configuration, and multiplexing P/SP CSI report(s) with HARQ-ACK information only if both higher layer signaling indices have the same value. 

· 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 higher layer signaling index per CORESET.

Proposal 5: The UE shall use both HARQ process number indication and associated higher layer signaling index per CORESET to distinguish specific HARQ process.
For DL design for M-DCI NCJT in Rel-16, we have the following proposals: 

Proposal 6: 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 7: To reduce PDCCH determination complexity of UE, the PDCCH candidate overbooking rule/pseudocode in the Pcell is only applied to PDCCH candidates associated with CORESETs configured with the smallest value of higher layer signaling indexes. 

Proposal 8: When two dataScramblingIdentityPDSCHs are configured, each of them is associated with the value of higher layer signaling index configured per CORESET.

Proposal 9: For both M-DCI and S-DCI based M-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 the CORESET index;
· the UE shall determine the DMRS symbol location for each scheduled PDSCH according to pre-configured CRS pattern(s) associated with that PDSCH.

For S-DCI NCJT, we have the following proposals: 

Proposal 10: For single-DCI based NCJT transmission, at least for eMBB, support following new entries in addition to Rel-15 legacy entries, which are enabled when the TCI code point indicates more than one TCI states: 
· DMRS ports {1,2,3} with 2 CDM groups without data, for DMRS type 1 with single front-loaded symbol 

· DMRS ports {1,2,3} with 2 CDM groups without data and {0, 2} with 3 CDM groups without data,  for DMRS type 2 with single front-loaded symbol 

Proposal 11: For single PDCCH based NCJT transmission, support MU pairing cases, i.e., M-TRP UE and S-TRP UE, and M-TRP UE and M-TRP UE.
Proposal 12: For single-DCI based NCJT transmission, support enhancing DMRS port indication with two front-load symbols. 
Proposal 13: If two TCI states are indicated by a TCI code point, support a fixed mapping rule between TCI states and CDM group(s):

· If all indicated DMRS ports are from one CDM group, only one of two TCI states is valid, e.g., if DMRS ports from CDM group 0 is indicated then only the first TCI state is applied from the UE perspective, otherwise the second TCI state is applied;
· If indicated DMRS ports are from multiple CDM groups, the first CDM group among indicated groups is mapped to the first TCI state and the rest CDM group(s) is mapped to the second TCI state.

For Reliability/Robustness enhancement with Multi-TRP/Panel transmission, we have the following proposals: 

Proposal 14: For M-TRP based URLLC schemes 2a and 2b, allocating frequency resources to up to 2 TRPs according to one of options for downlink resource allocation Type 0 and 1: 
· For downlink resource allocation type 0:
· Option 1: Comb-like frequency resource allocation, e.g. sequentially allocate the bitmap of resource allocations into TRPs in an interleaved manner
· Option 2: RBG set indication, e.g. each bit of the bitmap indicates two consecutive RBGs
· For downlink resource allocation type 1:

· Option 1: Comb-like frequency resource allocation, e.g. VRBs are mapped to pre-allocated PRBs which are sequentially allocated into TRPs in an interleaved manner

· Option 2: the same number of consecutive VRBs with different starting RB index for each TRP. A relative offset between two sets of VRBs can be indicated whereas the first and second sets are allocated to TRP1 and TRP2 respectively.

Proposal 15: For M-TRP based URLLC schemes 2a, support up to 2 transmission layers.
Proposal 16: For M-TRP based URLLC schemes 2a and 2b, support dynamic differentiation of schemes 2a and 2b by DCI.

Proposal 17: For M-TRP based URLLC schemes 2a and 2b, support up to 2 TCI-states per TCI code point. 
Proposal 18: For M-TRP based URLLC scheme 3, the number of repetition occasions of mini-slot is indicated by a higher layer signalling, and also upper bounded by corresponding slot boundary per slot.

Proposal 19: For M-TRP based URLLC schemes 3 and 4, support up to 2 TCI states in one TCI codepoint which are associated to different transmission occasions according to a pre-defined mapping order, e.g. sequentially mapping TCI state(s) indicated by that codepoint into actual repetition occasions in an interleaved manner.
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