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Introduction
In RAN1#96 meeting and the email discussion [96-NR-09], the following agreements were made for enhancements on multi-TRP/panel transmission [1]:
	Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement
For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis

Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI

Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2

Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2

To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
· Scheme 1a:  
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· Scheme 1b: 
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
· FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 1c: 
· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a: 
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b: 
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
· Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.

Note: Support of number of layers per TRP may be discussed



This contribution provides Samsung’s views on each topic above.
Multiple-PDCCH based enhancements
1 
2 
PDSCH allocation
1) PDSCH mapping type from two co-scheduled PDSCHs: Multiplexing of PDSCH mapping type {A+A} or {B+B} are supported even for Rel-15 UEs. Furthermore, it is evident that multiplexing PDSCH mapping type {B+B} can provide various advantages over PDSCH mapping type {A+A} from larger flexibility on PDCCH monitoring occasions. Therefore, it is highly recommended to support both PDSCH mapping type {A+A} and {B+B} in Rel-16. Support of PDSCH mapping type {A+B} can be studied as well especially for the case with K0>0, since the DMRS RE patterns of each PDSCH with different mapping types may be identical.
2) Alignment of PRG-level grid from multiple TRPs: Bundling size can be determined by a combination of RRC configuration (prb-BundlingType), allocated BW size (frequency domain resource allocation), and DCI indication. For ease of UE implementation, it is preferred to align bundling size. One simple solution is to use RRC configured bundling size only for NC-JT support.
3) How to ensure the same active BWP between multiple TRPs: It was re-confirmed that the number of active BWPs for a UE is 1 per CC. Therefore, to allocate two different PDSCH within the same serving cell, the values of BWP indicators in the two different DCIs shall be identical for NC-JT support. Otherwise, UE assumes single TRP transmission, i.e. UE receives only one PDSCH by intra-UE priority rule(s) as already discussed in eURLLC session.
Proposal 1: Support both PDSCH mapping type {A+A} and {B+B} for two co-scheduled PDSCHs.
· FFS, support of PDSCH mapping type {A+B} for K0>0.
Proposal 2: Support RRC configured bundling size only for NC-JT support
Proposal 3: The values of BWP indicators for two co-scheduled PDSCHs shall be identical for NC-JT support. Otherwise, UE assumes single TRP transmission
BD/CCE enhancements
1) whether to increase the number of CORESETs per “PDCCH-config” more than 3: We don’t see a critical use case to increase the number of CORESETs per PDCCH-config. It seems that 3 is enough to support up to two co-scheduled PDSCHs.
2) UE monitoring/decoding behavior for multiple PDCCHs: In Rel-15, the maximum number of monitored PDCCH candidates per slot and the maximum number of non-overlapped CCE per slot can be increased according to the number of configured DL cells and UE capability signalling for flexible PDCCH transmission in case of CA with large number of DL cells. Given that higher flexibility on PDCCH transmission will be required especially for the NC-JT + CA operation scenarios, it would be worth to consider to extend this feature for NC-JT. For instance, the maximum numbers of BD/CCE for NC-JT capable UEs can be increased even for less than 4 DL cells configured. PCell PDCCH overbooking is another discussion point for NC-JT support. When the maximum numbers of BD/CCE are larger than a given threshold, search spaces with lower priorities (i.e. search spaces with high search space set index) can be dropped. In this case, the remaining search spaces can be associated with a single CORESET or linked with two different CORESETs with the same TCI states, which means NC-JT may not be supported in the PCell. One option to address this issue is to secure at least one search space per CORESET for NC-JT capable UE after search space dropping for PCell PDCCH overbooking.
Observation 1: Up to 3 CORESETs per PDCCH-config are enough to support up to two co-scheduled PDSCHs.
Proposal 4: Support BD/CCE extension for NC-JT capable UEs as well as CA capable UEs.
Proposal 5: Secure at least on search space per CORESET for NC-JT capable UE with PCell PDCCH overbooking
PDSCH scrambling
Since the PDSCH scrambling in Rel-15 does not support dynamic sequence change for data transmission, interference randomization across NC-JT PDSCHs cannot be done for most cases. Given that the UE does not assume any dependency amongst the multiple PDCCHs for the purposes of PDCCH detection, the lack of interference randomization between NC-JT PDSCHs may cause significant performance degradation especially if UE misses one of PDCCH for NC-JT scheduling. Enhancement on cinit for PDSCH scrambling by adding a term dependent on one of DCI contents such as HARQ process number for the corresponding CW could be a simple solution for this.
Proposal 6. Enhance the cinit for PDSCH scrambling, e.g. by adding a term with the value from DCI contents such as an HARQ process number for the corresponding CW.
Single PDCCH based enhancements
1. 
1. 
1. 
5. TCI field payload
The 3 bits payload of TCI field from Rel-15 well covers up to 64 beams via MAC CE activation/deactivation. Therefore, the same TCI field payload should be enough at least for NC-JT with 2 TRPs in FR1.
Proposal 7. TCI field payload is not increased at least for FR1.
5. DMRS port indication enhancements
For backward compatibility of Rel-16 UEs, DCI format for single PDCCH based NC-JT should be distinguishable from Rel-15 DCI formats. In other words, it means that single TRP transmission and multi TRP transmission can be dynamically indicated by DCI formats itself. Therefore, DMRS indication table for single PDCCH based NC-JT can focus on NC-JT support only, i.e. there is no need to cover some cases such as single DMRS port or single DMRS CDM group. In this regard, Table 1, Table 2, Table 3, and Table 4 can be applied per configured dmrs-Type and maxLength, accordingly.
Proposal 8. Adopt Table 1, Table 2, Table 3, and Table 4 for single PDCCH based NC-JT support.

[bookmark: _Ref4715639]Table 1. DMRS indication table for antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

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

	0
	2
	0,2

	1
	2
	1,3

	2
	2
	0,1,2

	3
	2
	0,2,3

	4
	2
	0-3

	5-15
	Reserved
	Reserved



[bookmark: _Ref4715641]Table 2. DMRS indication table for antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,2
	1
	0
	2
	0,1,2,3,4
	2

	1
	2
	1,3
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	2
	0,1,2
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	0,2,3
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	0-3
	1
	4-31
	reserved
	reserved
	reserved

	5
	2
	0,2
	2
	
	
	
	

	6
	2
	1,3
	2
	
	
	
	

	7
	2
	4,6
	2
	
	
	
	

	8
	2
	5,7
	2
	
	
	
	

	9
	2
	0,6
	2
	
	
	
	

	10
	2
	1,7
	2
	
	
	
	

	11
	2
	2,4
	2
	
	
	
	

	12
	2
	3,5
	2
	
	
	
	

	13
	2
	0,1,2
	2
	
	
	
	

	14
	2
	0,2,3
	2
	
	
	
	

	15
	2
	0,1,6
	2
	
	
	
	

	16
	2
	0,6,7
	2
	
	
	
	

	17
	2
	2,4,5
	2
	
	
	
	

	18
	2
	2,3,4
	2
	
	
	
	

	19
	2
	4,5,6
	2
	
	
	
	

	20
	2
	4,6,7
	2
	
	
	
	

	21
	2
	0-3
	2
	
	
	
	

	22
	2
	4-7
	2
	
	
	
	

	23
	2
	0,1,6,7
	2
	
	
	
	

	24
	2
	2,3,4,5
	2
	
	
	
	

	25-31
	Reserved
	Reserved
	Reserved
	
	
	
	



[bookmark: _Ref4715643]Table 3. DMRS indication table for antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	2
	0,2
	0
	3
	0-4

	1
	2
	1,3
	1
	3
	0-5

	2
	2
	0,1,2
	2-31
	reserved
	reserved

	3
	2
	0,2,3
	
	
	

	4
	2
	0-3
	
	
	

	5
	3
	0,2
	
	
	

	6
	3
	1,3
	
	
	

	7
	3
	0,1,2
	
	
	

	8
	3
	0,2,3
	
	
	

	9
	3
	0-3
	
	
	

	10-31
	Reserved
	Reserved
	
	
	



[bookmark: _Ref4715644]Table 4. DMRS indication table for antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,2
	1
	0
	3
	0-4
	1

	1
	2
	1,3
	1
	1
	3
	0-5
	1

	2
	2
	0,1,2
	1
	2
	2
	0,1,2,3,6
	2

	3
	2
	0,2,3
	1
	3
	2
	0,1,2,3,6,8
	2

	4
	2
	0-3
	1
	4
	2
	0,1,2,3,6,7,8
	2

	5
	3
	0,2
	1
	5
	2
	0,1,2,3,6,7,8,9
	2

	6
	3
	1,3
	1
	6-63
	Reserved
	Reserved
	Reserved

	7
	3
	0,1,2
	1
	
	
	
	

	8
	3
	0,2,3
	1
	
	
	
	

	9
	3
	0-3
	1
	
	
	
	

	10
	2
	0,2
	2
	
	
	
	

	11
	2
	1,3
	2
	
	
	
	

	12
	2
	0,1,2
	2
	
	
	
	

	13
	2
	0,2,3
	2
	
	
	
	

	14
	2
	0-3
	2
	
	
	
	

	15
	3
	0,2
	2
	
	
	
	

	16
	3
	1,3
	2
	
	
	
	

	17
	3
	0,1,2
	2
	
	
	
	

	18
	3
	0,2,3
	2
	
	
	
	

	19
	3
	0-3
	2
	
	
	
	

	20
	2
	6,8
	2
	
	
	
	

	21
	2
	7,9
	2
	
	
	
	

	22
	2
	6,7,8
	2
	
	
	
	

	23
	2
	6,8,9
	2
	
	
	
	

	24
	2
	6-9
	2
	
	
	
	

	25
	3
	6,8
	2
	
	
	
	

	26
	3
	7,9
	2
	
	
	
	

	27
	3
	6,7,8
	2
	
	
	
	

	28
	3
	6,8,9
	2
	
	
	
	

	29
	3
	6-9
	2
	
	
	
	

	30
	3
	0,8
	2
	
	
	
	

	31
	3
	1,9
	2
	
	
	
	

	32
	3
	2,6
	2
	
	
	
	

	33
	3
	3,7
	2
	
	
	
	

	34
	3
	0,1,8
	2
	
	
	
	

	35
	3
	0,8,9
	2
	
	
	
	

	36
	3
	2,3,6
	2
	
	
	
	

	37
	3
	2,6,7
	2
	
	
	
	

	38
	3
	0,1,8,9
	2
	
	
	
	

	39
	3
	2,3,6,7
	2
	
	
	
	

	40-63
	Reserved
	Reserved
	Reserved
	
	
	
	


PDCCH design for NC-JT
6 
Although flexible dynamic indication on RA, TCI, and/or MCS, etc., can provide higher performance gains, it is more or less impossible to have such flexibility in case of single PDCCH based NC-JT due to the PDCCH coverage. However, at least for the non-coverage-limited UEs a similar way with multiple PDCCH based NC-JT can be applied for single PDCCH cases as well. For instance, multiple PDSCH for NC-JT can be allocated by two-level DCI (DCI1, DCI2). In this example, the first-level DCI (DCI1) contains the TRP-specific information for the first TRP (e.g. MCS and HARQ related info.) and shared information across TRPs (e.g. CFI or BWP indication). On the other hand, the second-level DCI (DCI2) indicates the TRP-specific information for the other cooperative TRPs. This is akin to two-part UCI in Rel. 15. For instance, the payload of DCI1 can be fixed and that of DCI2 can change dynamically. The information about payload (e.g. number of TRPs) of DCI2 can be included in DCI1. The UE decodes DCI1, and upon successful decoding, knows the payload of DCI2.
Proposal 9: Support two-level DCIs for single PDCCH based NC-JT at least for non-coverage-limited UEs
UCI/CSI/RS design for NC-JT
HARQ ACK/NACK enhancements
As the first step to study HARQ ACK/NACK enhancements for NC-JT, which include HARQ-ACK codebook design, PUCCH resource allocation, etc., it would be beneficial to list possible operation scenarios. Under the understanding that support of multiple PUCCH for higher reliability is in the work scope, the following four options are available as depicted in Figure 1:
Option 1 (Single PDCCH and single PUCCH): Single PDCCH schedules multiple PDSCHs where separate CWs are transmitted from separate TRPs. Also, it is expected that HARQ-ACK information is transmitted to the serving TRP with joint HARQ-ACK payload. This scenario is the base line for single PDCCH based NC-JT.
Option 2 (Multiple PDCCH and single PUCCH): Multiple PDCCHs schedule each PDSCH respectively where each PDSCH is transmitted from a separate TRP. HARQ-ACK information can be transmitted to the serving TRP with joint HARQ-ACK payload. This scenario could be beneficial to reduce UL PUCCH resource overhead and/or UE complexity to transmit different PUCCHs potentially associated with different spatial relation information. One potential issue from this option is that Type-2 HARQ-ACK codebook (dynamic CB) has no redundancy for NC-JT case since codebook size is managed by DAI in DCI.
Option 3 (Multiple PDCCH and multiple PUCCH): Multiple PDCCHs schedule each PDSCH respectively where each PDSCH is transmitted from a separate TRP. HARQ-ACK transmissions to the different TRPs are scheduled in the same slot (different OFDM symbols or different antennas/panels). One potential issue from this option is how to indicate/determine multiple PUCCH resources under the given restriction(s). For instance, allocating two different PUCCH resource associated with different spatial relation information on the same OFDM symbol will not be proper to single panel UEs.
Option 4 (Single PDCCH and multiple PUCCH): Single PDCCH schedules multiple PDSCHs where separate CWs are transmitted from separate TRPs. HARQ-ACK transmissions to the different TRPs are scheduled in the same slot (different OFDM symbols or different antennas/panels). This scenario can be considered for higher reliability for UL transmission but has no clear use cases for eMBB. One potential issue from this option is how to indicate/determine multiple PUCCH resources under the given restriction(s), if any.
Proposal 10. Support the following options at least for HARQ ACK/NACK feedback of NC-JT for eMBB:
Option 1: Single PDCCH and single PUCCH (supported from Rel-15)
Option 2: Multiple PDCCH and single PUCCH
Option 3: Multiple PDCCH and multiple PUCCH (already agreed to support)
[image: ]
[bookmark: _Ref534905040]Figure 1. Examples of possible PDCCH/PDSCH/PUCCH relationships for NC-JT
UCI/CSI enhancements
CSI for NC-JT can be categorized into two.
· PMI codebook-based: CSI for each TRP comprises a subset or all of {CRI, RI, PMI, LI, CQI}, where each of {CRI, RI, LI} is reported WB and each of {PMI, CQI} is reported either WB or per SB.
· Non-PMI feedback: CSI for each TRP comprises {CRI, RI, CQI}, where each of {CRI, RI} is reported WB and CQI is reported WB or per SB.
Note that RI for a TRP can be zero (indicating CSI is not reported for that TRP), and the overall RI (total number of layers) equals the sum of RIs for all TRPs.
The Rel. 15 CSI reporting can be the starting point for the above two CSI categories for NC-JT. In particular, the following non-PMI feedback based on 1-port CSI-RS resources can be considered: CSI for each TRP comprises {CRI, CQI}, where CRI is reported WB and CQI is reported WB or per SB. Note that CRI for a TRP can be zero (indicating zero resource selection, i.e., CSI is not reported for that TRP). Also, CRI can be reported independent per TRP or joint across TRPs. Note that the overall RI (total number of layers) is not reported, and equals the number of resource(s) indicated via CRI(s). An important use case for such non-PMI feedback for multi-TRP is when there are large number of TRPs, each with small number of ports (e.g. 1), which is relevant for FR2 and URLLC scenarios, potentially with channel reciprocity.
Two-part UCI in Rel-15 can be extended for NC-JT from N≥2 TRPs. The main reason for two-part UCI in Rel. 15 is to handle the issue of large CSI payload variation with RI or/and number of CSI reports. For NC-JT, the same issue (large CSI payload variation) exists, and is more involved due to the fact that number of layers (CRI/RI per TRP) needs to be reported for each TRP, where CRI/RI per TRP can even be zero (indicating zero layer from that TRP). Note that the number of layers from a TRP can be zero due to poor channel conditions when compared with other TRPs. This may happen due to channel blockage, large interference, etc. Also, the number of layers (across N TRPs) that UE can receive simultaneously is a UE capability, and the UE may not be capable of receiving PDSCHs from all N TRPs simultaneously. 
A simple solution to handle this issue is extension of two-part UCI to multi-TRP. For example, UCI comprises two parts (UCI#1, UCI#2), where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI2. Note that (2) determines the payload of UCI2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.
As an example, the partial CSI (included in UCI#1) corresponds to the CSI for one TRP, and the remaining CSI (included in UCI#2) corresponds to CSI for remaining TRPs.
Proposal 11. Support the following CSI feedback for NC-JT:
· {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources, where CRI can indicate zero resource selection, and number of layers (RI) equals number of resource(s) indicated via CRI(s)
Proposal 12. Extension two-part UCI = (UCI#1, UCI#2) in Rel-15 for NC-JT, where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI#2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.
NC-JT for URLLC
7 
PDSCH enhancements
In RAN1#96 meeting and the following e-mail discussions, various details for SDM/FDM/mini-slot or slot-aggregation based TDM schemes have been clarified as follows:
1) Support of single/multiple CWs transmission for SDM (scheme 1a or scheme 1b)
2) Support of SFN based enhancement for SDM (scheme 1c)
3) Support of single/multiple CWs transmission for FDM (scheme 2a or scheme 2b)
4) Support of same/different RV for SDM/FDM/mini-slot or slot-aggregation based TDM schemes
5) Support of same/different MCS for SDM/FDM/mini-slot or slot-aggregation based TDM schemes

Our view on the above discussion points are as follows:
1) To support multiple CWs for SDM, modification on the CW-to-layer mapping would be needed which requires large specification impact and change on UE hardware structure. Considering the limited time unit allocation for this WI, it seems appropriate to deprioritize the scheme which needs much specification effort unless its technical advantage is clearly proved. In that sense, we prioritize scheme 1a over scheme 1b.
2) Technical superiority of the SFN based enhancement is not proved yet, while adopting it may cause several changes on the specifications including the mapping between a DMRS port and a TCI state, and the relationship between a DMRS port and PDSCH layer.
3) To support multiple CWs for FDM, various issues need to be jointly resolved including i) the TBS alignment for all CW, and ii) details on the FD-RA. If the TBS of each CW is computed differently at a UE because of the different amount of allocated PRBs, different modulation order and so on, the UE cannot combine the CWs so that some mechanism is needed to align the TBS of all CWs. In that sense, FD-RA for each CW needs to be jointly discussed.
4) In our understanding, different RV can be supported in the case that multiple CWs are enabled. Thus, support of multiple CWs for each scheme need to be discussed first before going into the details on RV issue.
5) On support of different MCS, we have similar view as in different RV. Moreover, the performance benefit by enabling different MCS seems marginal of which details are provided in our companion paper [2].
6) The repeated TBs from TRPs can be properly combined at a UE only if the same TBS and same LDPC BG for each of repetitions are secured. Further details are provided in our companion paper [3].
Proposal 13. Support the following schemes for multi-TRP based URLLC:
· Single CW, multi-layer based scheme for SDM (scheme 1a) 
· Single CW based scheme for FDM (scheme 2a)
Proposal 14. In case that multiple CWs based scheme for FDM (scheme 2b) are supported,
· Secure the same TBS for both CWs 
· Consider flexible FD-RA for each TRP
Proposal 15. For multi-TRP based URLLC, ensure the same LDPC base graph (BG) and the same TBS for the repeated TBs.
PDCCH enhancements
For the sake of URLLC support, several existing solutions such as packet duplication from higher layer can be adopted for data transmission. However, the reliability and robustness of the current control channel still can be the bottleneck for network performance. One simple solution for this issue is support of DCI repetition through multi-beam/-TRP operation such as beam sweeping for PDCCH without dynamic signalling for both CSS and USS.
For instance, the specification can enable a UE to use beam pair link information obtained from the SS block detection for CSS beam sweeping as depicted by Figure 2. The UE may assume that the PDCCH in an OFDM symbol in the CORESET is QCL’ed with an SS block in the spatial parameters, so that the UE can use an Rx beam set that the UE used for SS block detection for the PDCCH reception in the corresponding OFDM symbol in the CORESET. In this approach, multiple CORESETs (can have same configuration) that correspond to the transmitted SS blocks are configured and a UE can assume that PDCCH in a CORESET is QCL’ed with an SS block in the spatial parameters.


[bookmark: _Ref525842272]Figure 2. Multi-beam transmission based on beam sweeping for UE-common control channel
Analogous with CSS, reliability and robustness of DCIs in USS can be enhanced by utilizing multi-beam/-TRP operations. Although the current specification supports dynamic PDCCH beam change via MAC CE signalling, support of monitoring occasion-level change of TCI state while transmitting the same DCI contents for a given time duration still can be beneficial to achieve higher reliability and robustness without higher layer signalling overhead.
Proposal 16. Support beam sweeping for PDCCH without dynamic signalling.
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Conclusions
12 
In this contribution, Samsung’s view on remaining issues on multi-TRP/-panel is presented. The following proposals and observations are made:
Observation 1: Up to 3 CORESETs per PDCCH-config are enough to support up to two co-scheduled PDSCHs.
Proposal 1: Support both PDSCH mapping type {A+A} and {B+B} for two co-scheduled PDSCHs.
· FFS, support of PDSCH mapping type {A+B} for K0>1.
Proposal 2: Support RRC configured bundling size only for NC-JT support
Proposal 3: The values of BWP indicators for two co-scheduled PDSCHs shall be identical for NC-JT support. Otherwise, UE assumes single TRP transmission
Proposal 4: Support BD/CCE extension for NC-JT capable UEs as well as CA capable UEs.
Proposal 5: Secure at least on search space per CORESET for NC-JT capable UE with PCell PDCCH overbooking
Proposal 6. Enhance the cinit for PDSCH scrambling, e.g. by adding a term with the value from DCI contents such as an HARQ process number for the corresponding CW.
Proposal 7. TCI field payload is not increased at least for FR1.
Proposal 8. Adopt Table 1, Table 2, Table 3, and Table 4 for single PDCCH based NC-JT support.
Proposal 9: Support two-level DCIs for single PDCCH based NC-JT at least for non-coverage-limited UEs
Proposal 10. Support the following options at least for HARQ ACK/NACK feedback of NC-JT for eMBB:
Option 1: Single PDCCH and single PUCCH (supported from Rel-15)
Option 2: Multiple PDCCH and single PUCCH
Option 3: Multiple PDCCH and multiple PUCCH (already agreed to support)
Proposal 11. Support the following CSI feedback for NC-JT:
· {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources, where CRI can indicate zero resource selection, and number of layers (RI) equals number of resource(s) indicated via CRI(s)
Proposal 12. Extension two-part UCI = (UCI#1, UCI#2) in Rel-15 for NC-JT, where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI#2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.
Proposal 13. Support the following schemes for multi-TRP based URLLC:
· Single CW, multi-layer based scheme for SDM (scheme 1a) 
· Single CW based scheme for FDM (scheme 2a)
Proposal 14. In case that multiple CWs based scheme for FDM (scheme 2b) are supported,
· Secure the same TBS for both CWs 
· Consider flexible FD-RA for each TRP
Proposal 15. For multi-TRP based URLLC, ensure the same LDPC base graph (BG) and the same TBS for the repeated TBs.
Proposal 16. Support beam sweeping for PDCCH without dynamic signalling.
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