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[bookmark: DocumentFor][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings and email discussions, progress were achieved for multi-TRP. In this paper we further discuss remaining issues to finalize multi-TRP in Rel-16.

Multi-PDCCH Based Multi-TRP
Multi-PDCCH based Multi-TRP Enabling
After email discussion on RRC parameters, RRC parameters for M-PDCCH-based M-TRP transmission determined to be introduced include [1]:
1) CORESETPoolIndex
2) Number of CORESET by configuring controlResourceSetToAddModList/controlResourceSetToReleaseList 
3) AddtionalDataScramblingIdentityPDSCH
4) FFS: [PUCCHResource-CORESETpoolIndex]
5) CRSPatternList- CORESETPoolIndex
6) BDFactorR
7) ACKNACKFeedbackMode

When a UE identifies itself operating in the M-PDCCH-based M-TRP transmission, possible behaviors that are different from legacy ones include PDCCH monitoring, PDSCH reception and PUCCH transmission. Possible dependency of detailed behaviors and relating RRC parameters are summarized in Table 1.
Table 1
	UE behavior
	Conditions affect the UE behavior

	PDCCH monitoring
	

	CORESET association with TRP
	1)	with different values

	Increased number of PDCCH BD/CCE and CORESETs per serving cell
	2)	> 3

	PDCCH BD/CCE partition between cells with TRP and without TRP
	6)	> 1; or
2)	> 3

	PDSCH reception
	

	Full/partial/non-overlapping overlapping with DMRS restriction
	

	Separate PDSCH scrambling
	1)	with different values and 3) configured; or
2)	> 3 and 3) configured; or
7) Separate A/N feedback configured and 3) configured

	Separate CRS pattern rate matching
	1)	with different values  and 5) configured; or
5) configured

	Out of order HARQ-ACK feedback
	1)	with different values; or
2)	> 3; or
7) Separate A/N feedback configured

	BWP switching restriction
	1)	with different values; or
2)	> 3; or
7) Separate A/N feedback configured

	PUCCH transmission
	

	PUCCH resource association with TRP
	1)	with different values and 4) configured and 7) Separate A/N feedback configured; or
1)	with different values and 7) Separate A/N feedback configured

	PUCCH for HARQ-ACK determination including joint/separate HARQ-ACK feedback and codebook construction
	Joint HARQ-ACK feedback determination:
1)	with different values and 7) configured with joint feedback; or
1) not configured and 7) configured with joint feedback; or
1) not configured and 7) not configured
Separate HARQ-ACK feedback determination
1)	with different values and 7) configured with separate feedback; or
[1)	with different values and 7) not configured]

	Possible increase of number of PUCCH transmission within a slot
	1)	with different values and 7) configured with separate feedback; or
1)	with different values and 7) configured with separate feedback and 6) configured



From the above-listed possible dependencies between configured RRC parameters and UE behaviors for M-PDCCH-based M-TRP transmission, we have following observations:
It is clear that if CORESETs are associated with different values of CORESETPoolIndex, UE is expecting M-PDCCH-based M-TRP transmission.
For ideal backhaul scenario, if AddtionalDataScramblingIdentityPDSCH is configured without configuring CORESETPoolIndex, UE can expect M-PDCCH-based M-TRP transmission with joint HARQ-ACK feedback.
For typical non-ideal backhaul scenario, CORESETs should be associated with different values of CORESETPoolIndex and AddtionalDataScramblingIdentityPDSCH should be configured. Separate HARQ-ACK feedback is desired.
Additional PDSCH scrambling ID should always be configured if multiple PDSCHs from multiple TRPs are full/partially overlapped, thus M-PDCCH-based M-TRP for both ideal backhaul and non-backhaul cases can be identified by configuring AddtionalDataScramblingIdentityPDSCH.
At least for ideal backhaul scenarios, support to enable M-PDCCH based M-TRP without explicitly configuring CORESETPoolIndex:
a) AddtionalDataScramblingIdentityPDSCH is used to differentiate behaviors for PDSCH receptions;
b) CRS patterns are used to determine the rate matching behaviors;
c) Number of configured CORESETs is used to differentiate behaviors for BD/CCE;
d) ACKNACKFeedbackMode is used to determine joint feedback or separate feedback.
For a system with multiple BWPs, some of which are identified as M-PDCCH-based M-TRP, some of which may be not. Therefore, M-PDCCH-based M-TRP determination is based on the configuration of active BWP.
Whether to enable M-PDCCH based M-TRP or not is based on the configuration of active BWP.
For non-ideal backhaul, out-of-order PDSCH and HARQ-ACK feedback is inevitable since any scheduler has no idea of the real-time scheduling from the other TRP. Thus for M-PDCCH based M-TRP, out-of-order HARQ-ACK feedback should be supported.
Support out-of-order PDSCH and HARQ-ACK feedback when M-PDCCH-based M-TRP is enabled.

Association between scrambling IDs and TRPs
Agreement on scrambling ID was made in RAN1 #97 [2].
	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
In case higher layer index per CORESET is configured, 
· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.



The remaining issue is when both dataScramblingIdentityPDSCH and AddtionalDataScramblingIdentityPDSCH are configured how to associate them with TRPs.
If AddtionalDataScramblingIdentityPDSCH is configured while	CORESETPoolIndex is not configured, UE has to know the exact scrambling ID for each PDSCH for correct detection. In this case, association between scrambling IDs and TRPs can be achieved by mapping between scrambling ID and CORESET by predefined rules or configuration, e.g., a scrambling ID can be associated with one or more CORESET IDs. A uniform association between scrambling ID and TRP can be realized by configuring or default association between scrambling ID and CORESETs no matter CORESETPoolIndex is configured or not. If CORESET is associated with a CORESETPoolID, a scrambling ID is associated with all the CORESETs in same CC with the same CORESETPoolID.
Similarly, if CRSPatternList- CORESETPoolIndex is configured but CORESETPoolIndex is not configured, each CRS pattern in the CRSPatternList can be mapped to specific CORESETs so that the PDSCH scheduled by the PDCCH in those CORESETs can rate match around the associated CRS pattern.
Support to associate AddtionalDataScramblingIdentityPDSCH and CRS patterns with CORESETs.

Remaining issues on HARQ-ACK feedback
1. 
1.1. 
In this subclause we discuss some remaining issues HARQ-ACK feedback.
2.3.1. PUCCH association with CORESETPoolIndex
With regarding to PUCCH resource grouping for M-PDCCH based NCJT transmission, PUCCH grouping has been discussed for a long period of time. The main focus is about whether the explicit configuration of PUCCH grouping or implicit PUCCH resource grouping up to NW implementation is employed. In RAN1 #98bis meeting [3], the progress is made as follows.
	Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET
· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET
· FFS: Details on association


In the NR-RRC email discussion, some alternatives on association were proposed:
Alt 1: hard association of PUCCH resources, e.g. the lowest indice(s) of configured PUCCH resources associated with the value 0 of HigherLayerIndexPerCORESET
Alt 2: Whether the source RS in the activated spatial relation of the PUCCH resource is the same as the QCL source RS in the activated TCI state of the CORESET
Alt 3: new IE
Alt 4: PUCCH resources for TRP0 are configured with close loop index 0, and PUCCH resources for TRP0 are configured with close loop index 1.
Alt 1 may require the configuration of boundary between low index and high index to be indicated or configured to the UE. As some companies pointed out, Alt 2 is not always the case since the source RS in the activated spatial relation of the PUCCH resource does not have to be the same as QCL source RS in the activated TCI state of any CORESET.
As a matter of fact, PUCCH grouping for spatial relation update can be used for the association between a PUCCH resource and a value of CORESETPoolIndex. There are some ways to achieve this. For example, the activated spatial relation for a PUCCH or a PUCCH group can be associated with a CORESETPoolIndex by signaling. A simpler way could be setting up the association between the PUCCH grouping indexes and CORESETPoolIndex. If PUCCH grouping index for simultaneous spatial relation info update is configured, the PUCCH grouping index can be associated with a CORESETPoolIndex by signaling or by predefined rules. Redundant work on explicit configuration of association between each PUCCH resource and CORESETPoolIndex should be avoided.
Index of the PUCCH grouping for spatial relation update is used for the association between a PUCCH resource and a CORESETPoolIndex.

2.3.2. PUCCH/PUSCH multiplexing
The agreement on PUCCH/PUSCH multiplexing were made in RAN1 #98bis.
	Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP. 



First of all, considering multiple types of UCI, we think two PUCCHs per TRP can be supported for a UE to avoid frequent dropping or multiplexing. Besides two separate PUCCHs for HARQ-ACK, a PUCCH carrying other types of UCI can be allowed to transmit within the same slot.
Support at least up to 3 PUCCH transmissions within a slot.
The purpose of distinguishing a PUCCH resource’s belonging TRP is related to the PUCCH/PUSCH multiplexing. When the association between PUCCH resources and CORESETPoolIndex is not set up, while separate HARQ-ACK feedback is configured, UE doesn’t expect an indicated PUCCH resource for CSI/SR/BFR overlaps with more than one indicated PUCCH resource for HARQ-ACK. From the above agreement, PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. It implies that if the association between the PUCCH resource and the CORESETPoolIndex is absent, the UE can perform in Rel-15 way if any PUCCH/PUSCHs are overlapped since the UE should assume that the overlapped PUCCH/PUSCHs are towards the same TRP.
 For the case when PUCCH resources and CORESETPoolIndex are not associated but separate feedback is configured,
· UE doesn’t expect an indicated PUCCH resource for CSI/SR/BFR overlaps with more than one indicated PUCCH resource for HARQ-ACK.
· UE performs in Rel-15 way if any PUCCH/PUSCHs are overlapped.
UE doesn’t expect a scheduled PUSCH overlap with more than one indicated PUCCH resource for HARQ-ACK. 
When separate HARQ-ACK feedback is configured, there would be the case that the two indicated PUCCH resources for HARQ-ACK overlap. Therefore, defining a dropping rule or up to UE implementation can be considered to deal with the situation.
For separate HARQ-ACK feedback, when two indicated PUCCH resources for HARQ-ACK overlap, UE can drop one of the HARQ-ACK feedbacks by predefined dropping rule or by UE implementation.

2.3.3. Support of sub-slot HARQ-ACK feedback for M-TRP
The following agreements were achieved in RAN1 #98 on separate HARQ-ACK feedback [4].
	Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP



Sub-slot configuration introduced in Rel-16 which has been through thorough discussion can be used to determine non-overlapped PUCCH resources for separate HARQ-ACK feedback. The configuration of sub-slot doesn’t prevent usage for eMBB with M-TRP. Separate HARQ-ACK feedback can be determined by the sub-slot indication even if no PUCCH grouping is configured. If ACKNACKFeedbackMode is not configured and different sub-slot indices are indicated by multiple DCIs separate HARQ-ACK feedback should be applied. If ACKNACKFeedbackMode is set to joint HARQ-ACK feedback and sub-slot HARQ-ACK feedback is configured with sub-slot granularity, then joint HARQ-ACK feedback should be within the indicated sub-slot.

Support sub-slot HARQ-ACK feedback for M-TRP
· If ACKNACKFeedbackMode is not configured and different sub-slot indices are indicated by multiple DCIs separate HARQ-ACK feedback is applied.
· If ACKNACKFeedbackMode is set to joint HARQ-ACK feedback and sub-slot HARQ-ACK feedback is configured with sub-slot granularity, then joint HARQ-ACK feedback is within the indicated sub-slot. 

Single-PDCCH Based Multi-TRP
2. 
3. 
3.1. 
1. 
2. 
2.1. 
Switching among URLLC schemes
Following agreements on URLLC schemes for M-TRP are summarized to identify the characteristics of each scheme.
	RAN1 #97
[bookmark: OLE_LINK4]Agreement
For M-TRP based URLLC, support both 2a and 2b 
· [bookmark: OLE_LINK34]Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

RAN1 #98
Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b: 
· The number of TCI states is 2
· Support up to 2 transmission layers for scheme 2a 

Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  

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

RAN1 #98bis
Agreement
When 2 TCI states are indicated by a TCI code point, for DMRS type 1 and type 2 for eMBB and URLLC scheme-1a, if indicated DMRS ports are from two CDM groups, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.

Agreement
For single-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 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



The most challenging requirement of URLLC that all designed URLLC schemes should try to achieve is to guarantee the target BLER of 10-6 while keep the latency within 1ms. But the M-TRP URLLC schemes except scheme 4 restrict the PDSCH transmission occasions within a single slot. It is risky to limit the number of PDSCH transmission occasions or restrict the PDSCH transmission occasions for URLLC within a single slot to meet the BLER requirement of URLLC in some cases. For example, when a slot is semi-statically configured or dynamically indicated with DL/UL switching points and thus the DL symbols within a slot is limited, the TDRA for a PDSCH scheduling should within the available DL symbols otherwise it is regarded as an error case in Rel-15. Another reason to introduce more repetitions is that one would not introduce additional very low MCS for the case of small TB size but rather repeat with more transmissions.
Therefore, enhanced DL URLLC for single TRP which is a counterpart to the UL eURLLC, or for M-TRP to enable PDSCH transmission occasions across slot boundaries to achieve the target BLER may be needed in future releases. The enhancement can be realized by supporting combination of scheme 4 and other schemes. 
Support combination of scheme 4 and other URLLC schemes.
We don’t see much need for dynamic switching among scheme 2a/2b/3. By identifying the characteristics of different M-TRP-based URLLC schemes, we summarize the conditions of each scheme in Table 2 in which a RRC parameter to switch scheme 2a/2b/3 is applied.
Table 2
	Index
	Scheme
	Configured or indicated parameters

	1
	Scheme 1a
	CDM group = 2, TCI = 2

	2
	Scheme 2a/2b/3
	TDRA entry with N=1, CDM group = 1, TCI = 2, RRC=2a/2b/3

	3
	Scheme 4
	TDRA entry with N>1, CDM group = 1, TCI = 2, no RRC for 2a/2b/3

	4
	Scheme 2a/2b/3+4
	TDRA entry with N>1, CDM group = 1, TCI = 2, RRC=2a/2b/3

	5
	Rel-16 S-TRP slot-level repetition
	TDRA entry with N>1, CDM group = 1, TCI = 1, no RRC for 2a/2b/3

	6
	Rel-15 S-TRP slot-level repetition
	TDRA entry with N=1, slotAggregationFactor>1, TCI = 1, CDM group = 1, no RRC for 2a/2b/3

	7
	S-TRP mini-slot repetition
	TDRA entry with N=1, CDM group = 1, TCI = 2 with same TCI state values, RRC = 3

	8
	S-TRP mini-slot repetition + Rel-16 slot repetition
	TDRA entry with N>1, CDM group = 1, TCI = 2 with same TCI state values, no RRC for 2a/2b/3, S-TRP mini-slot level repetition + 4

	9
	S-TRP mini-slot repetition + Rel-15 slot repetition
	TDRA entry with N=1, slotAggregationFactor>1, CDM group = 1, TCI = 2 with same TCI state values, RRC = 3, S-TRP mini-slot level repetition + slot-level repetition



Single-TRP slot-level repetition can be indicated by dynamic number of repetitions with the TDRA entry with N>1 and one indicated TCI states (entry 5), or fall back to Rel-15 semi-statically configured RRC parameter “slotAggregationFactor” (entry 6).
Furthermore, single-TRP mini-slot repetition can be supported by allowing indicating 2 TCI states with same value as given by entry 7.
Scheme 2a/2b/3 are switched semi-statically by RRC parameter.
Mini-slot repetition for single-TRP can be indicated by TCI codepoint indicating  two TCI states with same values.

Semi-static HARQ-ACK codebook construction for scheme 3
In scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point while the maximum number of transmission occasions is limited to 2. Type 1 HARQ-ACK codebook construction should be defined.
As shown in Figure 1, when scheme 3 is configured or indicated, SLIV of each entry of the TDRA table applies for the first transmission occasion. No matter the second transmission occasion is indicated to transmit or not, the SLIV of the first transmission occasion is always used for candidate PDSCH reception occasion determination. HARQ-ACK bits can be saved with this manner. However, when HARQ-ACK is configured to feedback in sub-slot granularity, determining the candidate PDSCH reception occasion in the above manner would cause missing the candidate PDSCH reception occasion in Type 1 HARQ-ACK codebook in some cases, as the window for generate Type 1 HARQ-ACK codebook is in sub-slot granularity which may not cover the first transmission occasion or the second transmission occasion. As shown in Figure 2 where one DL slot corresponds to two UL sub-slots, the window for Type 1 codebook generation is from the second sub-slot of slot n to the second sub-slot of slot n+1. In both Figure 1 and Figure 2, the first colored block in each row represents the SLIV given by one entry of the TDRA table. The second colored block in each row stands for the deduced SLIV of the second transmission occasion. The number marked in the colored block is the candidate PDSCH occasion index in the Type 1 HARQ-ACK codebook. The block with red border is the actual scheduled PDSCH.
[bookmark: _GoBack][image: ]
Figure 1: Illustration of Type 1 HARQ-ACK codebook for slot granularity
[image: ]
Figure 2: Illustration of Type 1 HARQ-ACK codebook for sub-slot granularity

For semi-static HARQ-ACK codebook for scheme 3,
· For HARQ-ACK feedback with slot granularity, the number of candidate PDSCH reception occasions for any entry in the TDRA table is 1, which is determined by the SLIV of the entry.
· For HARQ-ACK feedback with sub-slot granularity, the number of candidate PDSCH reception occasions for any entry in the TDRA table is 2 if the second SLIV deduced by the SLIV of the entry in TDRA table and K-symbol offset between the two transmission occasions is within the same slot, otherwise the number of candidate PDSCH reception occasions for that entry is 1.

DL/UL switching points for scheme 3/4
1. 
0. 
0. 
1 
1.1 
1.2 
There may have one or two DL/UL switching points in a slot. A nominal transmission occasion can skip the UL symbols and split into two actual transmission occasions. The multiple actual transmission occasions of the each nominal transmission occasion can apply different TCI states, and each actual transmission occasion is mapped with a different RV of the same TB. Mapping different TCI states and RVs to each split tries to let different TRPs have opportunities to transmit if there is no DL symbols available for the next nominal transmission occasion(s). This should be applied to both scheme 3 and scheme 4.
For scheme 3 and 4,
· When there is only one switching point in a slot, UE transmits on all available resources that are within DL symbols;
· When a nominal transmission occasion is split into multiple actual transmission occasions by DL/UL switching points, each actual transmission occasion of the one nominal transmission occasion apply different TCI states and is mapped with a different RV of the same TB.

PTRS for scheme 2a/2b
In RAN1 #98bis, two PTRS ports for single-PDCCH based NCJT at least for eMBB and URLLC scheme 1a is supported.
	Agreement
Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  
· RRC signalling is used to configure the two PTRS ports
· Note that whether supporting two PTRS ports is subject to UE capability
· FFS: Applicability for other cases



For scheme 2a/2b for FR2, two PTRS ports should also be supported to perform phase tracking. The difference in DL signling between scheme 2a/2b and scheme 1a lies in the FDRA interpretation and the number of DMRS groups. FDRA partition between the two TRPs were agreed in RAN1 #98.
	Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 
· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 



Since frequency domain resources allocated per TRP is approximately half of the overall FDRA, leading to half PTRS density. The PTRS density per TRP should be based on the number of PRBs for that TRP to maintain the phase tracking accuracy.
For scheme 2a and 2b, PTRS frequency domain density is based on the number of PRBs per TCI state.

Support of PDSCH repetition schemes with M-PDCCHs
2.2. 
For typical M-TRP scenarios, MCS and resource allocation from different TRPs could be different, which would adapt to the channel condition from the multiple TRPs and increase the reliability of URLLC service. The specification impact would be much less by enabling scheduling different PDSCH from different TRPs through different PDCCHs. To schedule the same TB with different PDCCHs from different TRPs, the same HARQ process ID with NDI un-toggled could be used in the two PDCCHs to indicate to the UE that those two PDSCHs could be soft combined. However, there is a scheduling restriction that the gNB may not be able to transmit the same TB with the same HARQ process ID before a NACK is received in Rel-15. For URLLC, such restriction would increase the latency and not acceptable for this type of service. Thus the UE may expect to receive another PDSCH for a given HARQ process before the end of the expected transmission of HARQ-ACK for that HARQ process with NDI un-toggled for multi-PDCCH based M-TRP. UE behavior on soft combining and HARQ-ACK feedback should be clarified. Any other restriction for PDSCH processing timeline should be addressed. For example, based on the indicated PUCCH resources for HARQ-ACK feedback in the scheduling DCI, UE may or may not feedback a combined HARQ-ACK bit after decoding the PDSCHs.
Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
The potential specification impact may only be related to removal of out of order restriction for M-TRP transmission. An example CR is given as below:
	A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. For PDSCH scrambled with the same scrambling identity, fFor 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. For PDSCH scrambled with the same scrambling identity, Tthe UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. For PDSCH scrambled with different scrambling identity, the UE may receive another PDSCH for a given HARQ process before the end of the expected transmission of HARQ-ACK for that HARQ process.



Conclusion
In this contribution, we have the following proposals on remaining issues for M-TRP transmission.
1. At least for ideal backhaul scenarios, support to enable M-PDCCH based M-TRP without explicitly configuring CORESETPoolIndex:
a) AddtionalDataScramblingIdentityPDSCH is used to differentiate behaviors for PDSCH receptions;
b) CRS patterns are used to determine the rate matching behaviors;
c) Number of configured CORESETs is used to differentiate behaviors for BD/CCE;
d) ACKNACKFeedbackMode is used to determine joint feedback or separate feedback;
Whether to enable M-PDCCH based M-TRP or not is based on the configuration of active BWP.
Support out-of-order PDSCH and HARQ-ACK feedback when M-PDCCH-based M-TRP is enabled.
Support to associate AddtionalDataScramblingIdentityPDSCH and CRS patterns with CORESETs.
Index of the PUCCH grouping for spatial relation update is used for the association between a PUCCH resource and a CORESETPoolIndex.
Support at least up to 3 PUCCH transmissions within a slot.
For the case when PUCCH resources and CORESETPoolIndex are not associated but separate feedback is configured,
· UE doesn’t expect an indicated PUCCH resource for CSI/SR/BFR overlaps with more than one indicated PUCCH resource for HARQ-ACK.
· UE performs in Rel-15 way if any PUCCH/PUSCHs are overlapped.
UE doesn’t expect a scheduled PUSCH overlap with more than one indicated PUCCH resource for HARQ-ACK. 
For separate HARQ-ACK feedback, when two indicated PUCCH resources for HARQ-ACK overlap, UE can drop one of the HARQ-ACK feedbacks by predefined dropping rule or by UE implementation.
Support sub-slot HARQ-ACK feedback for M-TRP
· If ACKNACKFeedbackMode is not configured and different sub-slot indices are indicated by multiple DCIs separate HARQ-ACK feedback is applied.
· If ACKNACKFeedbackMode is set to joint HARQ-ACK feedback and sub-slot HARQ-ACK feedback is configured with sub-slot granularity, then joint HARQ-ACK feedback is within the indicated sub-slot. 

Support combination of scheme 4 and other URLLC schemes.
Scheme 2a/2b/3 are switched semi-statically by RRC parameter.
Mini-slot repetition for single-TRP can be indicated by TCI codepoint indicating  two TCI states with same values.
For semi-static HARQ-ACK codebook for scheme 3,
· For HARQ-ACK feedback with slot granularity, the number of candidate PDSCH reception occasions for any entry in the TDRA table is 1, which is determined by the SLIV of the entry.
· For HARQ-ACK feedback with sub-slot granularity, the number of candidate PDSCH reception occasions for any entry in the TDRA table is 2 if the second SLIV deduced by the SLIV of the entry in TDRA table and K-symbol offset between the two transmission occasions is within the same slot, otherwise the number of candidate PDSCH reception occasions for that entry is 1.
For scheme 3 and 4,
· When there is only one switching point in a slot, UE transmits on all available resources that are within DL symbols;
· When a nominal transmission occasion is split into multiple actual transmission occasions by DL/UL switching points, each actual transmission occasion of the one nominal transmission occasion apply different TCI states and is mapped with a different RV of the same TB.

For scheme 2a and 2b, PTRS frequency domain density is based on the number of PRBs per TCI state.
Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
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