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1 Introduction
Agreements from RAN1#94bis to RAN1#98bis were summarized in [1]. In this contribution, we provide our considerations on remaining details of multi-TRP/panel transmission. 
2 Multiple PDCCH based multi-TRP/Panel transmission
2.1 Downlink Design for M-DCI NCJT
2.1.1 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. ” 


[bookmark: _Ref7733847]Figure 1 Restrictions of scheduling/HARQ in Rel-15

Restriction 1 and 2 as shown in Figure 1 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 1a, 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. 
For Figure 1b, 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. Given that separate feedback for both type I and II HARQ-ACK codebook has been determined, it is reasonable to allow UE process and feedback to out-of-order scheduled PDSCHs.
Therefore above restrictions would substantially limit practical implementation of multi-PDCCH based solution, due to semi-static coordination among TRPs. For multi-TRP operation, PDSCHs with same processing timing in parallel can be assumed. When the PDSCHs are non-overlapping, the capability can be regarded as supporting Case 0 in eURLLC, where the UE processes all PDSCHs without dropping. For full/partial overlapping PDSCHs, since full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, it is unnecessary to extend PDSCH processing capability due to parallel decoding of PDSCHs. 
Proposal 1: If UE is capable of receiving multiple PDCCH based PDSCHs transmission, at least for eMBB, 
· 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.
· 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.
2.1.2 PDCCH Enhancements for M-DCI 
· PDCCH candidates overbooking
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 2, 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 for that TRP 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 2 Illustration of BD allocation for multi-TRP

Proposal 2: For a DL serving cell configured with multi-PDCCH based multi-TRP/panel transmission, in the case of PDCCH overbooking for PDCCH candidates monitoring, support Alt 2, i.e. when USS set i does not satisfy BD/CCE limit of a TRP (i.e. identified by the value of CORESETPoolIndex), the UE shall drop remaining USSs (≥i) associated with CORESETS configured with the same value of CORESETPoolIndex.

· Hash function for PDCCH candidate determination
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 3. 
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[bookmark: _Ref16526691]Figure 3 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 3: 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.
2.1.3 PDSCH Enhancements for M-DCI
· CRS rate matching
In last meeting, there’s agreed RRC parameters to support CRS rate matching for multi-TRP. The remaining issue is the value range of CRSPatternList- CORESETPoolIndex which is to indicate which CORESETPoolIndex is associated for a CRS pattern. Companies raised concern about how to implement that some CRS patterns are rate matched by PDSCHs from both TRPs. For example, if CRS pattern #1 is rate matched by PDSCHs from TRP1, but CRS pattern #2 is rate matched by PDSCHs from both TRPs. One solution is that to duplicate configuration of CRS patterns, i.e. CRS pattern #1~3 are configured but CRS patter #2 and #3 are identical. It could cause some limitation since the number of configured CRS patterns are restrictive. A simpler alternative can be considered. The gNB does not have to configure the same length of CRSPatternList- CORESETPoolIndex as LTE-CRS-PatternList. The configured values of CRSPatternList- CORESETPoolIndex are one to one mapped to LTE-CRS-PatternList. If the length of CRSPatternList- CORESETPoolIndex is less than LTE-CRS-PatternList, the remaining unmapped CRS patterns are automatically associated with both TRPs. For example, CRS pattern #1 and #2 are configured, and CRSPatternList- CORESETPoolIndex has value 0. It means that, CRS pattern #0 is rate matched by PDSCHs scheduled by CORESET with CORESETPoolIndex 0, while CRS pattern #1 is rate matched by PDSCHs scheduled by CORESET with CORESETPoolIndex 0 and 1.
Proposal 4: For a CRS pattern included in lte-CRS-PatternList-r16 but not configured/associated with a value of CORESETPoolIndex, the UE shall rate matched around that CRS pattern for all PDSCH(s) received from that serving cell.
· PRG alignment
PRG alignment restriction in Rel-15 is for MU case, where two UEs are scheduled with DMRS ports in the same CDM group. For multi-PDCCH based multi-TRP transmission, different PDCCHs would schedule DMRS ports in different CDM groups. Since the DMRS ports from different TRPs would occupy orthogonal resources. The UE does not need to estimate interference on DMRS ports from the other TRP when it conducts channel estimation of DMRS ports from one TPR. 
Proposal 5: For partial/full overlapping PDSCHs scheduled by multi-PDCCH from multi-TRPs/panels, aligning PRG-grid of PDSCHs is not needed.

2.2 Uplink design for M-DCI NCJT
· Remaining Issues on HARQ-ACK Codebook Generation
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[bookmark: _Ref16259301] Figure 4 Generation of joint HARQ-ACK codebook
For Type-II joint codebook, the UE can concatenate separated HARQ-ACK information into single payload according to CORESETPoolIndex as shown in Figure 4. 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 CORESETPoolIndex) 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 is 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 CORESETPoolIndex. 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 CORESETPoolIndex, e.g. with adding subscript to , .
Proposal 6: For joint dynamic HARQ-ACK codebooks, support Alt 2 whereas HARQ-ACK information bits for each TRP (identified by associated CORESETPoolIndex) are sorted following Rel-15 procedure, and then HARQ-ACK information bits for two TRPs are concatenated by the ascending order of values of CORESETPoolIndex. 

· PUCCH grouping

In the last meeting, it was agreed that each PUCCH resource may be associated with a value of higher layer index per CORESET and PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. The straightforward solution is to explicitly configure associated 
CoresetPoolIndex ID in each PUCCH resource, applicable for both FR1 and FR2. The new parameter(s) for PUCCH resource grouping for simultaneous spatial relation update by MAC CE is for FR2 only and up to 4 groups are supported. Certain restriction is needed, e.g. PUCCHs in the same group shall be associated with the same CoresetPoolIndex, but the number of PUCCH groups associated with the same TRP (i.e. CoresetPoolIndex) is controlled by gNB. 
Therefore, we have the following proposal.
Proposal 7:  For M-DCI NCJT transmission, each PUCCH resource is explicitly configured with a value of CORESETPoolIndex to differentiate targeted TRPs for PUCCH transmission. 

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 5, 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 5. 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 CORESETPoolIndex. 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 value of CORESETPoolIndex as the CORESET of the scheduling PDCCH, monitored in the latest slot.

Proposal 8: 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 configured with the same value of CORESETPoolIndex 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 6, a single NR PDCCH schedules a single NR PDSCH in which different layers can be transmitted from separate TRPs.  
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Figure 6 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 a 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 9: 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.
3.2 TCI-DMRS relationship
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. 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 1.  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 1 Illustration of TCI states and CDM mapping rule
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Proposal 10: 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
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 2, 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 2 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 11: 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. 
4 Reliability/Robustness enhancement with Multi-TRP/Panel transmission
4.1 Scheme differentiation for URLLC schemes
In RAN1#98b meeting, agreements on URLLC schemes differentiation is listed as below:
Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 
· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion

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 previous meeting #98 and 98b, it has been agreed that scheme 1a used DMRS ports from 2 CDM groups which is different from other schemes. In addition, for scheme 4, there is an explicit configurable repetition factor, which is also distinguished from other schemes. Therefore, we can assume that the scheme 1a and scheme 4 can be naturally differentiated from other schemes by aforementioned configurations/signallings. Then the remaining issue is the differentiation of schemes 2a/2b/3. 
Observation 1: Scheme 1a can be naturally differentiated from other URLLC schemes with the DMRS ports configuration from two CDM groups. 
Observation 2: Scheme 4 can be naturally differentiated from other URLLC schemes when an explicit repetition factor is configured and whose value is larger than one. 
As agreed in last meeting (#98), a new RRC parameter is introduced to enable one or multiple schemes among 2a/2b/3. It is obviously that, if only one scheme is enabled by the RRC parameter, the UE can assume that the transmission is under the corresponding scheme. In this case, these 3 URLLC schemes can be semi-statically switched. Such operation may be sufficiently flexible for transmission scenarios with URLLC business only.
However, in the URLLC and eMBB coexistent transmission scenarios, dynamical switching can provide further flexibility. 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. As schemes 2a/2b/3 have almost the same latency performance, the selection of a scheme is highly depends on real-time TRP load of next TTI, channel condition as predicted by latest CSI, and reliability requirement etc., which is obviously vary dynamically. As a result, dynamic switching between schemes 2a/2b/3 is recommended. 
· Differentiation for scheme 2a/2b/3
Since the scheme 1a can be differentiated relying on DMRS ports configuration, 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 indication. 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. One example is given by Table 3.
Table 3. Differentiation method summary for URLLC schemes 1a/2a/2b/3/4
	URLLC scheme
	Conditions of Scheme Enabling 

	SDM 
	SDM scheme 1a
	Two CDM groups

	FDM
	FDM scheme 2a
	CDM group #0 and NDI bit in 2nd TB is set to 0

	
	FDM scheme 2b
	CDM group #0 and NDI bit in 2nd TB is set to 1

	TDM
	TDM scheme 3
	CDM group #1 (or #2)

	
	TDM scheme 4
	Single CDM group and being present of URLLCRepNum



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 4 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 4 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. 
In an addition, for simplicity, it is suggested that the above DMRS ports differentiation rule is still effective even when either FDM or TDM scheme is not enabled by the RRC parameter. For example, if only scheme 2a/2b are enabled, NW may only schedule entries {3, 4, 7}, and the entries of {5, 6, 8} are reserved. 
Table 4. 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

	6
	2
	3
	3

	7
	2
	0,1
	2a/2b

	8
	2
	2,3
	3

	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
	


In above table 4, the schemes 2a/2b needs further indication. Earlier in scheme discussion for 2a/2b [2], 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. 
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. 
Proposal 12: For single-DCI based URLLC schemes 2a/2b/3, 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
In RAN1#98b meeting, agreements on URLLC TDM schemes 2b are listed as below:
Agreement
For single-DCI based M-TRP URLLC scheme 2b
· The RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to PDSCH associated with the second TCI state.  
Agreement
For single-DCI based M-TRP URLLC scheme 2b
· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 
· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)
· 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 13: RV sequences {0, 2}, {2, 0}, {0, 3}, {3, 0} should be supported for RV indication of scheme 2b.
· PTRS for scheme 2a/2b

For single DCI based multi-TRP transmission with URLLC scheme 1a and eMBB, 2 PTRS ports are associated with 2 TCI states respectively. For scheme 2a/2b, one PTRS port is associated with DMRS from one CDM group but with different TCI states in different time or frequency domain resource. In Rel-15, frequency density of PTRS port is determined by the number of schedule RBs, details can be found in TS 38.211. 
If we reuse the design in Rel-15 for scheme 2a/2b, when the PRG size is 2 RBs and the density of PTRS is 4 RBs, one of the TCI states cannot be associated with PTRS, as can be seen in Figure 7, the PTRS only present in RB [1, 5] which is associated with TCI 1. 
[image: ]
Figure 7. Using Rel-15 PTRS mapping rule for scheme 2a/2b

Observation 3: When PRG size is 2 and frequency density of PTRS is 4 RBs, one of the TCI states cannot be associated with PTRS ports. 
To solve the problem for this case, we should allow to map the PTRS for the RBs associated with each TCI states. For example in Figure 8, PTRS should be firstly mapped to RB 1,2,5,6 following the frequency density and then, mapped to RB 3,4,7,8 following the same frequency density.
[image: ]
Figure 8. Proposed PTRS mapping rule for scheme 2a/2b


Proposal 14: For scheme 2a/2b, when PRG is 2 and frequency density of PTRS is 4, PTRS should be firstly mapped to the RBs associated with the 1st TCI state following the frequency density, and then, mapped to the RBs associated with the 2nd TCI state following the same.
4.3 Remaining Design for URLLC Schemes 3/4
In RAN1#98b meeting, agreements on URLLC TDM schemes 3/4 are listed as below:
Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
· The maximum number of repetition is FFS.
Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99
· FFS: Any restrictions on the possible value pairs for K and SLIV
Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.

· Restriction on K and SLIV for scheme 3
For scheme 3, it is agreed to apply StartingSymbolOffsetK K between two transmission occasions. The configuration and restriction for K and SLIV should be studied. 
The network should ensure that the two transmission occasions are not mapped outside the slot. Namely, the last symbol of the second transmission should not exceed the last symbol of the slot. Consider S and L are the indicated starting symbol and symbol length of the first transmission according to SLIV, the following restriction should be adopted.
S+2L+K<=14 for normal CP
S+2L+K<=12 for extended CP
According to above restriction, the candidate value of K as a RRC parameter could be a range from 0 to maximal 10. 
Proposal 15: For values of S, L and K of URLLC scheme 3, following restrictions are applied, i.e. S+2L+K<=14 for normal CP and S+2L+K<=12 for extended CP for both PDSCH mapping type A and B. 
Proposal 16: For single-DCI based URLLC schemes 3, candidate values of StartingSymbolOffsetK is [0:1:K_max] with K_max=10.

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

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 M-DCI NCJT in Rel-16, we have the following proposals: 
Proposal 1: If UE is capable of receiving multiple PDCCH based PDSCHs transmission, at least for eMBB, 
· 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.
· 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.
Proposal 2: For a DL serving cell configured with multi-PDCCH based multi-TRP/panel transmission, in the case of PDCCH overbooking for PDCCH candidates monitoring, support Alt 2, i.e. when USS set i does not satisfy BD/CCE limit of a TRP (i.e. identified by the value of CORESETPoolIndex), the UE shall drop remaining USSs (≥i) associated with CORESETS configured with the same value of CORESETPoolIndex.
Proposal 3: 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 4: For a CRS pattern included in lte-CRS-PatternList-r16 but not configured/associated with a value of CORESETPoolIndex, the UE shall rate matched around that CRS pattern for all PDSCH(s) received from that serving cell.
Proposal 5: For partial/full overlapping PDSCHs scheduled by multi-PDCCH from multi-TRPs/panels, aligning PRG-grid of PDSCHs is not needed.
Proposal 6: For joint dynamic HARQ-ACK codebooks, support Alt 2 whereas HARQ-ACK information bits for each TRP (identified by associated CORESETPoolIndex) are sorted following Rel-15 procedure, and then HARQ-ACK information bits for two TRPs are concatenated by the ascending order of values of CORESETPoolIndex. 

Proposal 7:  For M-DCI NCJT transmission, each PUCCH resource is explicitly configured with a value of CORESETPoolIndex to differentiate targeted TRPs for PUCCH transmission. 
Proposal 8: 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 configured with the same value of CORESETPoolIndex are monitored by the UE. 
For S-DCI NCJT, we have the following proposals: 
Proposal 9: 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 10: 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). 
[bookmark: _GoBack]Proposal 11: 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. 
For Reliability/Robustness enhancement with Multi-TRP/Panel transmission, we have the following observations and proposals: 
Observation 1: Scheme 1a can be naturally differentiated from other URLLC schemes with the DMRS ports configuration from two CDM groups. 
Observation 2: Scheme 4 can be naturally differentiated from other URLLC schemes when an explicit repetition factor is configured and whose value is larger than one. 

Observation 3: When PRG size is 2 and frequency density of PTRS is 4 RBs, one of the TCI states cannot be associated with PTRS ports. 

Proposal 12: For single-DCI based URLLC schemes 2a/2b/3, 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 13: RV sequences {0, 2}, {2, 0}, {0, 3}, {3, 0} should be supported for RV indication of scheme 2b.


Proposal 14: For scheme 2a/2b, when PRG is 2 and frequency density of PTRS is 4, PTRS should be firstly mapped to the RBs associated with the 1st TCI state following the frequency density, and then, mapped to the RBs associated with the 2nd TCI state following the same.
Proposal 15: For values of S, L and K of URLLC scheme 3, following restrictions are applied, i.e. S+2L+K<=14 for normal CP and S+2L+K<=12 for extended CP for both PDSCH mapping type A and B. 
Proposal 16: For single-DCI based URLLC schemes 3, candidate values of StartingSymbolOffsetK is [0:1:K_max] with K_max=10.
Proposal 17: Consider to support channel interpolation for URLLC schemes 3/4 with dynamical signalling.
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