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Introduction
In previous meetings, good progress has been achieved for both eMBB and URLLC. However, there still are some remaining issues to be determined for support of the essential functionality of multiple TRP/panel transmission.
In this contribution, we provide our proposals to support basic functionality of single PDCCH design, multiple PDCCH design and URLLC respectively. 
Discussion
Single PDCCH design and URLLC
RV sequence for scheme 3
For URLLC scheme 3, we support the candidates of RV sequence (0, 3), (2, 1), (3, 0) and (1, 2) for the two PDSCH occasions as shown in Table 2.1-1. 
Table 2.1-1: Proposed RV sequence for scheme 3
	rvid indicated by DCI 
	RV for TRP0
	RV for TRP1

	0
	0
	3

	2
	2
	1

	3
	3
	0

	1
	1
	2



For initial transmission, RV(0,3) is proposed. In this case even one TRP transmission is completely blocked, the other can be successfully detected because each TRP includes either RV=0 or 3 (RV=0 and 3 are self-decodable). Compared with RV(0, 0), RV(0,3) can achieve soft combining gain if both two TRP transmission are not blocked. On the other hand, compared with RV(0, 2) and (0,1), RV(0,3) can resist blockage. Here, we provide our simulation results for 2 repetitions as follows, which are very aligned with our analysis. Specifically, RV(0,3) and RV(0,0) which show comparable performance are better than RV(0,2) in the blockage scenarios. The simulation assumptions can be found in appendix.
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Figure 2.1-1 10% full blockage for the first TRP
Furthermore, even for URLLC, retransmission should be considered depending on the latency requirement. So RV values 1 and 2 should also be supported. Assuming maximum four time retransmissions, all the RV0, 1, 2, 3 can be achieved even one TRP is completely blocked based on Table 2.1-1.
Proposal 1: For URLLC scheme 3, support RV sequences (0, 3), (2, 1), (3, 0) and (1, 2). 

Switching between schemes
In RAN1#98bis meeting, a new RRC signaling is agreed to enable one or more schemes among 2a/2b/3 as follows
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

Conventionally, dynamic switching between single TRP and multiple TRP transmission should be supported because of fast channel fading and interference variance. Since multiple TRP transmission relies on two TCI states, the number of TCI states indicated by DCI can be used to identify whether the transmission is single TRP or multi-TRP. 
For flexibility, it is better also to support dynamic switching between scheme 1a, 2a, 2b and 3 if DCI size is not changed. When single TCI state is indicated by DCI, the legacy DMRS table can be used as Rel-15. When two TCI states are indicated by DCI, it will be multi-TRP transmission, then a new DMRS table can be used. In the new table, each transmission scheme including 1a, 2a, 2b and 3 only needs a few entries because each of them only supports a few DMRS ports and SU-MIMO. Hence the Rel-15 table size is sufficient to accommodate all the entries required by scheme 1a, 2a, 2b and 3.
Therefore, we support a new RRC parameter to enable all schemes of 2a, 2b and 3. When NCJT is scheduled, i.e. two TCI states are indicated by TCI codepoint, and scheme 2a, 2b and 3 are enabled by the new RRC signaling, different entry sets in the DMRS table can be used to differentiate transmission scheme among 1a, 2a, 2b and 3. So most flexibility is achieved and no extra DCI overhead is caused.
Proposal 2: A new RRC parameter is introduced to enable all schemes of 2a, 2b and 3. And dynamic switching among scheme 1a, 2a, 2b and 3 is supported.
· If one TCI state is indicated by TCI codepoint, it is single TRP transmission and Rel-15 DMRS table is used. 
· If two TCI states are indicated by TCI codepoint, it is multi-TRP/panel transmission and a new DMRS table is used.
· Different entry sets in the new DMRS table can represent scheme 1a, 2a, 2b and 3.
Specifically, when two TCI states are indicated by TCI codepoint, a new DMRS table is implicitly reused, an example is provided as follows. By this way, DCI format change is not needed, and dynamic switching among these schemes can be supported.
Table 2.1-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRSCDM group(s) without data
	DMRS port(s)
	scheme

	0
	2
	0; 2
	1a

	1
	2
	0,1; 2
	1a

	2
	2
	2; 0,1
	1a

	3
	2
	0,1; 2,3
	1a

	4
	1
	0
	2a

	5
	1
	0,1
	2a

	6
	1
	0
	2b

	7
	1
	0,1
	2b

	8
	1
	0
	3

	9
	1
	0,1
	3

	10-15
	Reserved
	Reserved
	Reserved



Two PTRS ports for scheme 2a and 2b
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

As shown in the above agreement, two PTRS ports are agreed for scheme 1a in RAN1# 98bis meeting. 
For scheme 2a and 2b, we think two PTRS ports are also needed. As shown in Figure 2.1-1 for scheme 2a or 2b, in the case PRG size = 2 PRBs, and PTRS density = 4 PRB. If we just reuse Rel-15 PTRS, only single PTRS port can be supported. Further, if the PTRS port is transmitted in PRB 0, 4, 8, i.e. in PRG 0, 2, 4 which are only used by TRP 0, for PRGs used by TRP1, there is no PTRS transmission. Since the phase noise is different between two TRPs, the phase noise estimation for TRP0 cannot be used for TRP1. 
[image: ]
Figure 2.1-1 Issue of Rel-15 PTRS density for Multi-TRP
Hence we support independent PTRS ports for the two TRPs. The function of PTRS frequency density in Table 6.2.3.1-2 in 38.214 can be reused for each PTRS port.
Proposal 3: Support two PTRS ports for scheme 2a and 2b if two TCI states are indicated by one TCI code point.
· The frequency density of PTRS port 0 is determined by the scheduled PRBs associated with the first TCI state.
· The frequency density of PTRS port 1 is determined by the scheduled PRBs associated with the second TCI state.

Default beam
In Rel-15 for PDSCH transmission, default QCL assumptions are supported if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL. In this case, UE will use the QCL assumption of PDCCH in the lowest CORESET-ID for the PDSCH reception. In Rel-16, for multi-TRP transmission based on single PDCCH design, indication of two TCI states for one PDSCH has been supported. However, the CORESET is only transmitted by one TRP, i.e. configured with one active TCI state, which is less than the number of indicated TCI states for PDSCH DMRS. In this case, the QCL assumption of DMRS group 1 from the first TRP can still follow the QCL assumption of the lowest CORESET ID. However, there is no QCL source for the DMRS group 2 from the second TRP. The support of scheduling PDSCH with offset less than the threshold is important especially if we consider latency sensitive traffic like URLLC for multi-TRP. 
Therefore, two default TCI states should be supported in case of single PDCCH scheduling multi-TRP transmission with scheduling offset less than the threshold. Otherwise, it should be clarified that single PDCCH based NCJT is only used in FR1 in Rel-16, i.e. in the case when none of TCI states configured for BWP/CC of the scheduled PDSCH contains 'QCL-TypeD'.

Proposal 4: For single PDCCH design, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the default QCL assumption of PDSCH should be enhanced.
· Support two default TCI states which are used for the two DMRS groups of PDSCH respectively if the offset between the DL DCI and the PDSCH is less than the threshold. 

Multiple PDCCH design
BD/CCE restriction
After the RAN1#98 meeting, one email agreement is achieved on BD/CCE restriction for multi-DCI based multi-TRP transmission.
Agreement by email discussion
- If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the following principles for the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission:
· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213;
· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on [image: IMG_256]   as described in subclause 10 in TS38.213;
·  (Bound derived from pdcch-BlindDetectionCA) When determining the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for total limits, [image: IMG_257]  defined in 38.213, the number of DL serving cell(s) configured with multi-DCI based multi-TRP transmission is increased as r times.
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  [image: IMG_258] and[image: IMG_259], are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
· FFS, bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG
- If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the followings for the principles above:
·   [image: IMG_260] is replaced with [image: IMG_261], where [image: IMG_262] is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS [image: IMG_263], and [image: IMG_264] is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS [image: IMG_265]
· The value range of r is [1, 2], and it depends on UE capability.
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0  DL serving cells with multi-DCI based multi-TRP such that A+r∙B>4
· When UE does not provide pdcch-BlindDetectionCA, the value of N^cap_cells is a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP, and b is the number of configured DL serving cells with multi-DCI based multi-TRP.
· FFS: other conditions for UE capability reporting are applied to multi-DCI based multi-TRP transmission
- FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.
- FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.
- Note that how to capture above into the spec can be up to the editor.

Regarding the FFS bullet on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission, we think there are two ways to identify a DL serving cell is with or without multi-DCI based multi-TRP. 
· The first way is to rely on whether the active BWP in the serving cell contain CORESETs with multiple higher layer indices, i.e. have both value 0 and 1. Specifically, the active BWP in the serving cell is configured with two different higher layer indices in the configured CORESETs, the serving cell should be assumed as a DL serving cell with multi-DCI based multi-TRP. Otherwise, it should be a DL serving cell without multi-DCI based multi-TRP. In this case, for cross-carrier scheduling, each scheduled CC should be separately counted.
· The second way is to depend on whether two PDSCH scrambling IDs are configured, i.e. if the active BWP in the serving cell contains two PDSCH scrambling IDs, it should be a DL serving cell with multi-DCI based multi-TRP. Otherwise, it should be a DL serving cell without multi-DCI based multi-TRP.

[bookmark: OLE_LINK1]Proposal 5: One of following options should be adopted to determine if a DL serving cell is configured with multi-DCI based multi-TRP transmission 
· Alt. 1: if the active BWP in the serving cell is configured with two different higher layer indices in the configured CORESETs, the serving cell should be assumed as a DL serving cell with multi-DCI based multi-TRP
· Alt. 2: if the active BWP in the serving cell contains two PDSCH scrambling IDs, it should be a DL serving cell with multi-DCI based multi-TRP
Regarding the FFS bullet on whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking, we think an extension of the rule specified Rel-15 should be defined. 
In Rel-15, only single TRP transmission is considered. The priority of a search space (SS) is based on the SS index. If BD/CCE is overbooking, the SS with higher index will be dropped since the maximum number of BD/CCE for a serving cell is limited. 
In Rel-16, two TRP transmission is supported in a serving cell. The maximum number of BD/CCE not only for a serving cell but also for each TRP is limited. In this case, Rel-15 priority rule can be reused as much as possible. All UE dedicated SSs across two TRPs can still be ordered based on SS index, which is the same as Rel-15. So UE will first detect an SS with lower SS index. If an SS causes BD/CCE overflow of the TRP, UE will skip this SS. If an SS causes BD/CCE overflow of the serving cell, UE will not detect this SS and the remaining SSs with lower SS index.
Proposal 6: A UE dedicated SS with lower index is prioritized.
· If an SS causes BD/CCE overflow of the corresponding TRP, UE will skip this SS, 
· If an SS causes BD/CCE overflow of the serving cell, UE will not detect this SS and the remaining SSs with higher SS index

Joint ACK/NACK feedback
For joint ACK/NACK feedback, the following agreements were made in RAN1#98 meeting: 

Agreement
In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 
· HARQ-ACK information bits are concatenated by the increasing order of
· PDSCH reception occasion index at first
· and then serving cell index
· and TRP (i.e. higher layer index configured per CORESET (if configured))
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Agreement
For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
For joint dynamic ACK/NACK bits multiplexing, our view is that HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of the higher layer CORESET group IDs for simplicity. Compared with separate ACK/NACK generation, the concatenation of ACK/NACK bits from two TRPs is just additionally needed. Based on this way, DAI is still applied independent per each TRP. Therefore, we support above Alt.2 for joint dynamic HARQ-ACK codebook among M-TRP.
Proposal 7: For joint ACK/NACK bits multiplexing, counter DAI is counted per TRP. 

Power control 
Similarly, close loop power control should also be separate for the two TRPs because dynamic coordination of TPC commands may be impossible between two TRPs. Otherwise, the PUCCH transmission power will be out of control for each TRP.

Proposal 8: Close loop power control should be separate for the two TRPs. 

PUCCH resource grouping
As shown in the following agreement made in RAN1#98bis meeting, the association between PUCCH resource and the higher layer index per CORESET is agreed.  
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
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. 

In the email discussion for RRC list, four solutions are provided as follows
· 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 RRC IE in each PUCCH resource
· Alt. 4: PUCCH resources for TRP0 are configured with close loop index 0, and PUCCH resources for TRP1 are configured with close loop index 1. 

For Alt.1, the grouping should be predefined, e.g. each TRP always have half of total configured PUCCH resources, the flexibility is not good. For Alt. 2, the solution is not complete since the same beam is always required for DL and UL. For Alt.4, we agree it is one way. But the limit is each TRP only can have one close loop power control. The flexibility for each TRP will be worse than Rel-15. 
Proposal 9: Support a new RRC signaling to explicitly configure PUCCH resource grouping. 
In addition, some carriers may not be configured for multi-TRP transmission, i.e. only one CORESET group is configured. In this case, PDSCH transmission only from one TRP is supported in these carriers. For semi-static HARQ-ACK codebook, the A/N bits will be unnecessary for the other TRP. 

Rate matching
In TEI agenda, some agreement on CRS rate matching were agreed in RAN1#98 meeting as follows
Agreement#1:
· For DSS TEI
· Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier is X
· X is three
· Maximum number of LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier is Y
· Y is two
· Maximum number of LTE-CRS rate matching patterns in total within a NR carrier is Z
· Z is six
· UE capability for Z={[1,] 2, 3, 4, 5, 6} is defined
In MIMO agenda, the agreement on CRS rate matching was achieved in RAN1#98bis meeting as follows
Agreement#2
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signalling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs
FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.
If interference between two TRPs is not severe, independent CRS rate matching can be configured. So each CRS pattern can be associated with a higher layer index per CORESET.  
If interference between two TRPs is severe as shown in Figure 2.2-1, both PDSCH 0 and PDSCH 1 should do rate matching around both CRS 0 and CRS 1 to mitigate serious interference. In this case, there are two ways to address this issue.
Alt.1: One CRS pattern can be associated with two higher layer indices. Specifically, CRS pattern 0 is associated with both higher layer index 0 and 1, and both PDSCH 0 and PDSCH 1 should do rate matching around CRS pattern 0. Likewise, CRS pattern 1 is also associated with both higher layer index 0 and 1, and both PDSCH 0 and PDSCH 1 should do rate matching around CRS pattern 1. 
Alt.2: One CRS pattern can only be associated with one higher layer index. In order to do rate matching around CRS 0 for both PDSCH0 and PDSCH1, CRS 0 should be associated with higher layer index 0. Another CRS pattern, e.g. CRS 2 should be associated with higher layer index 1. Likewise, in order to do rate matching around CRS 1 for both PDSCH0 and PDSCH1, CRS 1 should be associated with higher layer index 1. Another CRS pattern, e.g. CRS 3 should be associated with higher layer index 0. In this case, four CRS patterns in the same carrier should be configured. 
However, based on the above Agreement#1, maximum number of LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier is just two instead of four. Therefore, Alt.2 cannot work in the scenario shown in Figure 2.2-1. So Alt.1 should be supported.
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Figure 2.2-1 Severe interference between two TRPs
Proposal 10: Support associating one CRS pattern with two higher layer indices.

For other rate matching parameters, such as rateMatchPattern and ZP CSI-RS resources, it is better to also support separate rate matching for two coordinated TRPs. That’s because the signal (e.g. CSI-RS) transmitted on rate matching resources from TRP0 may not introduce much interference to PDSCH transmitted from TRP1. Therefore, rate matching resources for two TRPs should be separately configured, including 

· rateMatchPattern, rateMatchPatternGroup, aperiodic ZP CSI-RS resource sets, semi-persistent ZP CSI-RS resource sets, periodic ZP CSI-RS resource sets.
· rateMatchPattern
· Semi-persistent and periodic NZP CSI-RS resource sets  

TCI
Because two TRPs have different locations, QCL references may be different. So the candidates of TCI states activated by MAC-CE for the two TRPs should be separate. In Rel-15, maximum 8 TCI states from single TRP can be activated by this MAC-CE. For multi-TRP transmission based on multiple PDCCH design,to achieve flexibility per each TRP scheduling, especially on FR2, the total number of activate TCI states for the two TRPs should be increased to up to 16. There are two enhancement can be considered: 

Option 1: Support separate MAC-CE transmission to activate/deactivate maximum 8 TCI states for each TRP. How to associate each MAC-CE transmission with the higher layer index per COROESET is up to RAN2

Option 2: One MAC-CE is used to activate maximum 16 TCI states for the two TRPs, where the first half of activated TCI states can be for TRP0 and the remaining activated TCI states can be for TRP1. 
Proposal 11: The maximum number of MAC-CE activated TCI states should be increased to 16.
· Option 1:Support separate MAC-CE transmission to activate/deactivate maximum 8 TCI states for each TRP
· Option 2: One MAC-CE is used to activate maximum 16 TCI states for the two TRPs.

Default beam
In Rel-15 for PDSCH transmission, default QCL assumptions are used when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL. In this case, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
For multiple PDCCHs design, there is no ideal backhaul between two coordinated TRPs in typical multiple PDCCH design scenario. In this case, two independent PDCCHs are supported and each PDCCH schedules one PDSCH. The following scenario as shown in Figure 2.2-2 may have some issues on the default QCL assumption wherein each DCI and corresponding PDSCH are transmitted from the same TRP. This kind of transmission is the typical scenario for the multiple PDCCH design. When the offset between the DL DCI and the PDSCH is less than the threshold, only one of the two PDSCHs can take the lowest CORESET-ID as the source of the default QCL assumption since the lowest CORESET-ID is only transmitted from one TRP. It is obvious that the PDSCH and the CORESET with lowest CORESET-ID should be from the same TRP. Therefore, two CORESET groups should be set and each group is corresponding to one TRP respectively. The QCL assumption of each PDSCH should be inferred from the lowest CORESET-ID within corresponding CORESET group. 

Figure 2.2-2 Different DCI transmitted by different TRP
Proposal 12: The QCL assumption of each PDSCH should be inferred from the lowest CORESET-ID within the CORESET group when the offset between the DL DCI and the PDSCH is less than the threshold.

DCI format 1_0
So far, the enhancements for multi-DCI based NCJT can be used for PDSCH scheduled by either DCI format 1_1 or 1_0 with USS, except DMRS related agreements. Based on the current agreements, if PDSCHs from two TRPs are overlapping, the corresponding DMRS ports should be in different CDM groups. In order to satisfy this agreement for PDSCHs scheduled by DCI format 1_0, DMRS port 2 or 3 can be used if a PDSCH is scheduled by the DCI which is associated with higher layer index 1.
[bookmark: _GoBack]Proposal 13: DMRS port 2 or 3 can be used if a PDSCH is scheduled by a DCI format 1_0 which is associated with higher layer index 1. 

Multi-DCI based PDSCH repetition 
In RAN1#98 meeting, there is a FFS point on whether to support multi-DCI based PDSCH repetition. 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
We prefer to support this feature especially in blockage scenario. That’s because not only PDSCH but also PDCCH may be blocked. However, so far, all agreed URLLC repetition schemes are based on single DCI design. Although beam diversity gain for PDSCH can be achieved to resist blockage, PDCCH is transmitted only from one TRP. Once PDCCH is blocked, the PDSCH repetitions are wasted. 
Proposal 14: Support multi-DCI based PDSCH repetition. 

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhance multiple TRP/panel transmission. 
· For single PDCCH design and URLLC:
Proposal 1: For URLLC scheme 3, support RV sequences (0,3), (2, 1), (3,0) and (1,2). 
Proposal 2: A new RRC parameter is introduced to enable all schemes of 2a, 2b and 3. And dynamic switching among scheme 1a, 2a, 2b and 3 is supported.
· If one TCI state is indicated by TCI codepoint, it is single TRP transmission and Rel-15 DMRS table is used. 
· If two TCI states are indicated by TCI codepoint, it is multi-TRP/panel transmission and a new DMRS table is used.
· Different entry sets in the new DMRS table can represent scheme 1a, 2a, 2b and 3.
Proposal 3: Support two PTRS ports for scheme 2a and 2b if two TCI states are indicated by one TCI code point.
· The frequency density of PTRS port 0 is determined by the scheduled PRBs associated with the first TCI state.
· The frequency density of PTRS port 1 is determined by the scheduled PRBs associated with the second TCI state.
Proposal 4: For single PDCCH design, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the default QCL assumption of PDSCH should be enhanced.
· Support two default TCI states which are used for the two DMRS groups of PDSCH respectively if the offset between the DL DCI and the PDSCH is less than the threshold. 


· For multiple PDCCH design: 
Proposal 5: One of following options should be adopted to determine if a DL serving cell is configured with multi-DCI based multi-TRP transmission 
· Alt. 1: if the active BWP in the serving cell is configured with two different higher layer indices in the configured CORESETs, the serving cell should be assumed as a DL serving cell with multi-DCI based multi-TRP
· Alt. 2: if the active BWP in the serving cell contains two PDSCH scrambling IDs, it should be a DL serving cell with multi-DCI based multi-TRP

Proposal 6: A UE dedicated SS with lower index is prioritized.
· If an SS causes BD/CCE overflow of the corresponding TRP, UE will skip this SS, 
· If an SS causes BD/CCE overflow of the serving cell, UE will not detect this SS and the remaining SSs with higher SS index

Proposal 7: For joint ACK/NACK bits multiplexing, counter DAI is counted per TRP. 

Proposal 8: Close loop power control should be separate for the two TRPs. 

Proposal 9: Support a new RRC signaling to explicitly configure PUCCH resource grouping. 

Proposal 10: Support associating one CRS pattern with two higher layer indices.
Proposal 11: The maximum number of MAC-CE activated TCI states should be increased to 16.
· Option 1:Support separate MAC-CE transmission to activate/deactivate maximum 8 TCI states for each TRP
· Option 2: One MAC-CE is used to activate maximum 16 TCI states for the two TRPs.
Proposal 12: The QCL assumption of each PDSCH should be inferred from the lowest CORESET-ID within the CORESET group when the offset between the DL DCI and the PDSCH is less than the threshold.
Proposal 13: DMRS port 2 or 3 can be used if a PDSCH is scheduled by a DCI format 1_0 which is associated with higher layer index 1. 
Proposal 14: Support multi-DCI based PDSCH repetition. 

References
[1] Chairman notes of RAN1#98 meeting
[2] R1-1910284, Enhancements on Multi-TRP and Multi-panel Transmission,  ZTE
Appendix
Table 5-1 LLS assumptions for multi-TRP performance evaluation
	Parameters
	

	Carrier frequency for evaluation
	4GHz

	DMRS configuration
	DMRS type 1 without additional DMRS

	Transmission scheme
	Single PDCCH design, 1 layer from each TRP

	Channel model
	CDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h 

	BS antenna configuration
	2 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 1, 2, 1, 1; 1, 2)

	UE antenna configuration
	4 Rx antenna ports

	The number of PRBs
	2, 8

	Modulation
	QPSK 

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	PMI feedback
	Independent PMI feedback for the two TRP, 5 slots feedback interval
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