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Introduction
In this contribution, the following aspects are discussed in different sections:
· Remaining details of single-PDCCH based design including URLLC schemes
· Remaining details of multiple-PDCCH based design.
Remaining details of Single-PDCCH Based Design Including URLLC Schemes
For layer combination 1+2, the DMRS port entry is decided for DMRS type 1 to be {0,2,3}. For DMRS type 2, the same port entry can be used for layer combination 1+2 when number of CDM groups without data is 2. When number of CDM groups without data is 3, the existing port entry 3-5 can be used.  
[bookmark: p1]Proposal 1: For layer combination 1+2 for DMRS type 2 with one front-loaded DMRS symbol, support
· Entry {0,2,3} for 2 CDM groups without data.
· Existing entry 3-5 for 3 CDM groups without data.

For NCJT antenna port(s) indication (SDM scheme), some of the antenna ports in Rel. 15 (Tables 7.3.1.2.2-1 to 7.3.1.2.2-4 in 38.212) will not be used due to
· Entries indicating one port only are not needed.
· Entries indicating two or more ports within one CDM group are not needed given that at least two different CDM groups are needed for proper channel estimation of the ports that are not QCLed.

[bookmark: _Hlk528942724]In fact, the number of required DMRS antenna ports entries for multi-TRP SDM case are limited (e.g. only 4 entries needed corresponding to layer combinations 1+1, 1+2, 2+1, 2+2). Note that antenna port field size is the same as Rel-15 as agreed. On the other hand, dynamic switching between single-TRP and multi-TRP is possible based on current agreements, i.e., whether the indicated TCI codepoint in the DCI points to one TCI state or two TCI states.  
Given the above, a natural choice is to have a new DMRS port table, which is only used for the case of multi-TRP with single-DCI based design (SDM, FDM, TDM). If the TCI field codepoint in the DCI correspond to one TCI state, Rel. 15 tables should be used; If the TCI field codepoint in the DCI corresponds to two TCI states, the new tables should be used. 
The following was agreed in RAN1 #98bis:
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

Dynamic switching between single-TRP, SDM, FDM, and TDM (scheme 3) is beneficial. Dynamic switching between single-TRP and multi-TRP schemes is already supported thanks to the TCI state enhancements agreed in this WI. Depending on resources availability in time / frequency domain, channel state information (CSI feedback / SRS), and delay budget / reliability target (e.g. first transmission vs. retransmission), different multi-TRP schemes can be used dynamically. For example, if delay budget is tight, SDM / FDM schemes should be used (e.g. for a retransmission getting close to the deadline) compared to the TDM scheme. As another example, if the channel condition is not suitable for rank>1, SDM scheme may not be a good choice (e.g. based on feedback) as minimum rank is 2 in the SDM scheme. In that case, FDM or TDM schemes should be used. Regarding scheme 4, it can be determined based on configuration of the new TDRA table.
[bookmark: p2]Proposal 2: Support dynamic switching between schemes 1a, 2a, 2b and 3.
Using DMRS table for dynamic switching between these schemes makes sense especially because the required number of antenna ports entries is not only limited for the SDM scheme (only 4 entries needed as discussed), but also limited for FDM and TDM schemes due to smaller number of layers needed for URLLC schemes (i.e. it is already agreed that maximum number of layers for FDM and TDM schemes is 2 and they DMRS ports belong to one CDM group). In order to dynamically switch between different schemes without the need of introducing a new DCI format, we can signal the necessary information along with the antenna ports field. This approach both saves DCI overhead and eliminates the need to introducing a new DCI format / new field. 
The following DMRS tables (when TCI field in the DCI points to two TCI states) are proposed for DMRS type 1 and type 2 for single front-loaded DMRS symbol when scheme 4 is not configured (UE is not configured with pdsch-TimeDomainAllocationList which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation).
Table 1: DMRS port table for DMRS type 1 with single front-loaded DMRS symbol.
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	
mTRP scheme

	0
	2
	0,2
	
SDM (scheme 1a)

	1
	2
	0,1,2
	

	2
	2
	0,2,3
	

	3
	2
	0-3
	

	4
	1
	0
	
FDM (scheme 2a)

	5
	1
	0,1
	

	6
	2
	0
	

	7
	2
	0,1
	

	8
	1
	0
	
FDM (scheme 2b)

	9
	1
	0,1
	

	10
	2
	0
	

	11
	2
	0,1
	

	12
	1
	0
	
TDM (scheme 3)

	13
	1
	0,1
	

	14
	2
	0
	

	15
	2
	0,1
	



Table 2: DMRS port table for DMRS type 2 with single front-loaded DMRS symbol.
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	
mTRP scheme

	0
	2
	0,2
	


SDM (scheme 1a)

	1
	2
	0,1,2
	

	2
	2
	0,2,3
	

	3
	2
	0-3
	

	4
	3
	0,2
	

	5
	3
	0,1,2
	

	6
	3
	3-5
	

	7
	3
	0-3
	

	8
	1
	0
	

FDM (scheme 2a)

	9
	1
	0,1
	

	10
	2
	0
	

	11
	2
	0,1
	

	12
	3
	0
	

	13
	3
	0,1
	

	14
	1
	0
	

FDM (scheme 2b)

	15
	1
	0,1
	

	16
	2
	0
	

	17
	2
	0,1
	

	18
	3
	0
	

	19
	3
	0,1
	

	20
	1
	0
	

TDM (scheme 3)

	21
	1
	0,1
	

	22
	2
	0
	

	23
	2
	0,1
	

	24
	3
	0
	

	25
	3
	0,1
	

	26-31
	Reserved
	Reserved
	Reserved



[bookmark: p3][bookmark: _Hlk23952460]Proposal 3: If UE is not configured with pdsch-TimeDomainAllocationList which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation, DMRS port Tables 1-2 above are used when TCI field indicates two TCI states
· If a particular scheme among {‘FDMSchemeA’,‘FDMSchemeB’,‘TDMSchemeA’} is not configured by the higher layer parameter URLLSchemeEnabler, the UE is not expected to be indicated with an antenna port entry indicating that scheme.

As discussed, determination of scheme 4 can be based on configuration of pdsch-TimeDomainAllocationList which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation. Given that the TDRA table now also indicates # of repetitions, more TDRA entries are needed. Note that in eURLLC agenda item for PUSCH repetition, the same mechanism as in eMIMO is also agreed, but the it is also agreed that the maximum size of TDRA table is increased to 64 (corresponding to 6 bits in the DCI field).
Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· [bookmark: _Hlk23954213]The maximum TDRA table size is increased to 64
· No other spec impact is expected

At the same time, maximum number of layers is 2 and DMRS ports belong to one CDM group for scheme 4. Hence, only limited number of DMRS port entries are required. In order to avoid increasing the DCI size unnecessarily while allowing for more flexibility for the TDRA indication , we propose to use the following DMRS tables when scheme 4 is configured:
Table 3: DMRS port table for DMRS type 1 with single front-loaded DMRS symbol (scheme 4).
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	0,1

	2
	2
	0

	3
	2
	0,1



Table 4: DMRS port table for DMRS type 2 with single front-loaded DMRS symbol (scheme 4).
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	0,1

	2
	2
	0

	3
	2
	0,1

	4
	3
	0

	5
	3
	0,1

	6-7
	Reserved
	Reserved



[bookmark: p4]Proposal 4: If UE is configured with pdsch-TimeDomainAllocationList which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation
· Maximum size of the TDRA field is increased to 6 bits (maximum TDRA table size is increased to 64).
· Antenna port(s) field size is 2 bits for DMRS type 1 and 3 bits for DMRS type 2 (DMRS tables 3-4 are used).
· When TCI field indicates one TCI state, it is used across all repetition (i.e. slot-aggregation with dynamic number of repetitions)

Regarding RV indication, same solution can be used for schemes 2b and scheme 3 given that both of these schemes require 2 RV values. For scheme 2b, we have the following agreement:
Agreement
For single-DCI based M-TRP URLLC scheme 2b
· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 
· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)
For choosing the RV pair values, the trade-off between coding gain versus self-decodability should be allowed, which depends on channel conditions for the RV pair of a first transmission as well as RV pair of retransmissions. Based on the evaluation results in [1,2], RV pair (0,2) maximizes the coding gain while RV pair (0,0) can be better for self decodability. In addition, at least one retransmission should be considered for maximizing the coding gain across consecutive transmissions (same HARQ ID with NDI untoggled). For this, RV pair (1,3) can be considered. Additionally, in order to avoid introducing two TCI codepoints (i.e. one for (TCI state i, TCI state j) and another for (TCI state j, TCI state i)), RV pair (2,0) should also be included when second TCI state is better than the first TCI state. Hence we propose the following RV pairs:
[bookmark: _Ref23973404]Table 5: RV pair for schemes 2b and 3.
	Value of RV field
	RV pair

	0
	(0,2)

	1
	(0,0)

	2
	(1,3)

	3
	(2,0)



[bookmark: p5]Proposal 5: For schemes 2b and 3, RV pairs given in the Table 5 are supported.
For scheme 3, the following agreement was achieved in RAN1 #98bis:
Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99
· FFS: Any restrictions on the possible value pairs for K and SLIV

One remaining issue is about possible value pairs for K and SLIV. The motivation for the RRC configured parameter K is to allow for non-contiguous PDSCH transmission occasions (for avoiding TRS or UL/flexible symbols). However, most of the slots do not have any TRS, or some of the slots may be configured with only DL symbols, but this offset value cannot be controlled dynamically. Therefore, when the UE is configured with K>0, not only scheduling back-to-back transmission occasions for scheme 3 is not possible, but also the starting symbol cannot be later in the slot (as the second transmission occasion will cross the slot boundary for K>0). This is illustrated in Figure 1. In the first example, K=5 is configured to avoid the TRS in some of the slots. However, for other slots that do not have TRS very limited choices for scheduling are available. One limitation is that scheduling back-to-back transmission occasions for scheme 3 is not possible. Another limitation is that the starting symbol cannot be later in the slot (e.g. cannot start at symbol 3 of any slot when duration of each transmission occasion is four symbols), which is very restrictive especially for URLLC with stringent latency requirements.
[image: ]
[bookmark: _Ref24112895]Figure 1: The limitation for scheme 3 when K>0 is configured.
One simple solution to address some of these limitations is that if UE is configured with K>0 and the second transmission occasion does not cross the slot boundary, then configured K is applied for the gap between the first and second transmission occasions (as normal), but if the second transmission occasion crosses the slot boundary, then UE assumes K=0 for that scheduling provided that with K=0 the second transmission occasion does not cross the slot boundary. With this simple approach, dynamic switching between the left and the right for both examples in Figure 1 becomes possible without the need to introduce any DCI field, which provides good level of flexibility to the network. 
[bookmark: p6]Proposal 6: For schemes 3, if UE is configured with K>0 symbols offset, and the DCI indicates an SLIV that would result in the second PDSCH transmission occasion to cross the slot boundary, UE assumes K=0 instead of the configured value provided that with this assumption, the second PDSCH transmission occasion does not cross the slot boundary.
Finally, default QCL assumption for the case of single-DCI based multi-TRP should be decided at least for SDM/FDM schemes. Otherwise, they are not usable for low-latency scenarios in FR2 as the time offset between the reception of the DL DCI and the corresponding PDSCH has to be larger than timeDurationForQCL, which can be 28 symbols. If the UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, the two default QCL assumptions should be compatible / feasible to transmit or receive. In addition, the first default QCL assumption should be determined based on Rel. 15 rule. Hence, we propose the following:
[bookmark: p7]Proposal 7: For single-DCI based multi-TRP, if the UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, the first default QCL assumption is determined similar to Rel. 15
· If there is a TCI codepoint that indicates two TCI states and one of them has the same QCL-TypeD as the first default QCL, the other TCI state among the two TCI states is determined as the second default QCL 
· If there are more than one such TCI codepoints, the lowest codepoint is considered
· If there is no such TCI codepoint, single default QCL is assumed
Remaining Details of Multiple-PDCCH Based Design
The following aspects regarding enhancements for multiple-PDCCH based design are discussed in this section:
· PDSCH related enhancements.
· PDCCH related enhancements.
· PUCCH related enhancements.

PDSCH Related Enhancements
Regarding the aspects related to rate matching for multiple-PDCCH based design, first, it should be clarified that PDSCH of one TRP should be always rate matched around DMRS of another TRP, i.e., UE does not expect to receive two partially / completely overlapping PDSCHs from two TRPs with DMRS REs of one PDSCH colliding with data REs of another PDSCH. This is important in order to ensure proper channel estimation. This can be achieved by dynamic indication of number of CDM groups without data through antenna ports field in the DCI. Note that when backhaul is non-ideal, TRPs should ensure the condition above is satisfied through semi-static coordination (even though the signalling is dynamically indicated in the DCI). In addition, in the case of partial overlapping in frequency domain, the rate matching behaviour above should be the same across all RBs of a PDSCH, i.e., number of CDM groups without data for each PDSCH is the same in both overlapping and non-overlapping RBs. 
[bookmark: p8]Proposal 8: For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.
It should be noted that in the previous RAN1 meeting, one company suggested that Rel. 15 specification already supports above referring to text in 38.214 about co-scheduled UEs and number of CDM groups w/o data. However, that is not related to NCJT transmission (in multi-TRP, different TRPs which could be intra-cell or inter-cell schedule same UE independently, and the current text in 38.214 does not apply to co-scheduling among different TRPs). 
For LTE CRS rate matching, the following agreement was achieved in RAN1 #98bis:
Agreement
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.

[bookmark: _Hlk20752315]One remaining issue is shifting the DMRS symbol to the next symbol in some cases when CRS rate matching pattern is configured. For example, in Rel. 15, for PDSCH mapping Type-A, If the NR PDSCH DM-RS with =11 appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, independent of any PRB-level overlap or not with the scheduled PDSCH, the DM-RS of the PDSCH  is expected to be shifted to symbol =12. Also, it is agreed that DMRS locations does not shift dynamically based on whether the subframe is a MBSFN subframe or not. As another example, for the newly agreed PDSCH mapping Type-B with length of 10 symbols in Rel. 16, the DMRS symbols are shifted by one symbol as a result of lte-CRS-ToMatchAround configuration. 
In the case of multi-DCI based multi-TRP, it is already agreed that the two PDSCHs should have aligned DMRS symbols. Therefore, it is necessary that the network ensures if DMRS of one or both PDSCHs are shifted due to LTE-CRS-PatternList-r16 configuration, the DMRS symbols of the two PDSCHs are aligned. UE can shift the DMRS symbol irrespective of the value of LTE-CRS-PatternList-r16 and the association of a PDSCH, but UE should not be expected to shift the DMRS of one PDSCH dynamically based on the presence and scheduling parameters of the other PDSCH. Note that DMRS symbol shift is separate from actual rate matching. As agreed, for rate matching itself, the association of CRS rate matching patter(s) with the CORESETPoolIndex can be taken in to account. This is illustrated in Figure 2.
[image: ]
[bookmark: _Ref20752120]Figure 2: Shifting DMRS due to LTE-CRS-PatternList-r16 configuration.
[bookmark: p9]Proposal 9: DMRS of a PDSCH is shifted by 1 when appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter LTE-CRS-PatternList-r16 independent of a) any PRB-level overlap or not with the CRS pattern(s), b) MBSFN subframe or not c) The value of CRSPatternList-CORESETPoolIndex, d) Presence and scheduling parameters of the other scheduled PDSCH. 
Another issue is related to default QCL assumption for PDSCH. In Rel. 15, the default QCL assumption (if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL) is based on 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 the case of multi-DCI based multi-TRP, two default QCL assumption should be specified corresponding to the PDSCHs from the two TRP. A natural choice is the QCL of the lowest CORESET ID among a corresponding CORESET group, which means that the UE maintains two default QCL assumptions at any time.
[bookmark: p10]Proposal 10: For multi-DCI based multi-TRP, when UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, default QCL for a PDSCH is determined based on the lowest CORESET ID that has the same value of CORESETPoolIndex as the CORESET in which the DCI scheduling the PDSCH is received (i.e. within the same CORESET group).
[bookmark: _Hlk24033021]In Rel. 15, the following operations need to be in-order:
1. In-order PDCCH to PDSCH: “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i”
1. In-order PDCCH to PUSCH: “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i”
1. In-order PDSCH to HARQ-Ack: “In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j”

However, for multi-DCI based multi-TRP, especially for non-ideal backhaul, such constraints reduce the scheduling flexibility to a great extent. Noe that relaxing the in-order operation should be already implied at least for some of the cases above for the case of multi-DCI based multi-TRP. For example, two PDSCHs that are associated with different values of CORESETPoolIndex can be overlapping in the time domain (and frequency domain), which already violates the condition 1 above. Hence, we propose the following:
[bookmark: p11]Proposal 11: For multi-DCI based multi-TRP, out-of-order operation is allowed across TRPs but the operation should remain in-order within a TRP, i.e., 
· When PDCCHs that schedule two PDSCHs / PUSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, they can be out-of-order with respect to PDCCH to PDSCH, PDCCH to PUSCH, and PDSCH to HARQ-Ack.
· When PDCCHs that schedule two PDSCHs / PUSCHs are associated to same or different ControlResourceSets having the same values of CORESETPoolIndex, they should be in-order with respect to PDCCH to PDSCH, PDCCH to PUSCH, and PDSCH to HARQ-Ack.
PDCCH Related Enhancements
[bookmark: _Hlk23889160]The value of CORESETPoolIndex basically groups the CORESETs in to two groups corresponding to the two TRPs. Some of the operations in the case of multi-DCI based multi-TRP use this association (e.g. HARQ-Ack transmission or PDSCH scrambling). 
[bookmark: _Hlk24094771]For the CORESETs configured through ControlResourceSet IE, the higher layer index is added as CORESETPoolIndex. However, CORESET 0 is a special CORESET and is not configured through ControlResourceSet IE. Rather, CORESET 0 is configured by the information in PBCH (MIB) or PDCCH-ConfigCommon through 4 bits (e.g. value of 0,…,15) that determine the parameters through look up tables specified in the specifications. The question is that how the CORESETPoolIndex should be configured for CORESET 0. A simple solution is that CORESET 0 is always associated with a fixed value of CORESETPoolIndex (e.g. value=0).    
[bookmark: p12]Proposal 12: CORESET 0 is always associated with a fixed value of CORESETPoolIndex (e.g. value=0) when the UE is configured with multi-DCI based multi-TRP operation.
Regarding the number of BDs/CCEs, the following agreement was achieved in RAN1 #98: 
Agreement
· 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    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, ,   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,  and  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: 
·  is replaced with , where  is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS , and  is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS  
· 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 PDCCH overbooking for a DL serving cell configured with multi-DCI based multi-TRP, given the per-TRP limit for the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot, it is natural to also define overbooking per TRP rather than per serving cell. In release 15, overbooking is done only for the primary cell, where CORESET0 is defined and carries most of the CSS sets. Similarly, for the case of multi-DCI based multi-TRP in the primary cell, overbooking should be done only for the “primary TRP”, i.e., first value of CORESETPoolIndex, where CORESET0 is defined. 
It does not make any sense to define overbooking jointly across two TRPs while in the CC domain, we only have overbooking for the primary CC (i.e., second CC is not less important than the second TRP). Furthermore, joint overbooking across the two TRPs results in significant UE complexity increase and is not acceptable. Obviously, in the case that per-TRP limit is the same as per scheduled cell limit (i.e. Rel. 15 limit), the per-TRP limit becomes irrelevant and overbooking should be done with respect to the scheduled cell limit. Note that this can happen if, for example, UE indicates R=1 or network configures r=1.
[bookmark: p13]Proposal 13: When multi-DCI based multi-TRP is configured in the primary cell, 
· If per scheduled cell BD/CCE limit is equal to per-TRP BD/CCE limit, overbooking is done in the primary cell (Rel. 15).
· [bookmark: _Hlk23888342]If per scheduled cell BD/CCE limit is larger than per-TRP BD/CCE limit, overbooking is done only for the SS sets associated with the CORESET(s) that are configured with the first value of CORESETPoolIndex.

Another remaining FFS point is related to NR-DC operation. In Rel. 15, for NR-DC operation, UE can indicate the capability values of pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, respective maximum values for pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG. The network then should configure the UE with pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG. A set of conditions for the UE capability values as well as RRC configuration values need to be satisfied as described in 38.213, which depends on whether or not UE reports pdcch-BlindDetectionCA.
When UE does not report pdcch-BlindDetectionCA:
· 
Defining  as the maximum total number of downlink cells that the UE can be configured on both the MCG and the SCG:
· 
pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= .
· 
Defining  as the number of configured downlink cells on both the MCG and the SCG:
· 
pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= .



For multi-DCI based multi-TRP, following the same principles as agreed for the case of CA, when calculating the values of  and  for describing the above two conditions:
· 
 should be replaced with the maximum value of A+R∙B that the UE can be configured with, where A>= 0 is the number of DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and B >=0 is the number of DL serving cells with multi-DCI based multi-TRP in both MCG and SCG.
· 
 should be replaced with a+R∙b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and b is the number of configured DL serving cells with multi-DCI based multi-TRP in both MCG and SCG.

The other conditions for the UE capability values (pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE) as well as RRC configuration values (pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG) should remain the same as Rel. 15. For example, there is no need to change the value range as well as the conditions in the case that UE reports pdcch-BlindDetectionCA. 

[bookmark: p14]Proposal 14: For multi-DCI based multi-TRP and when UE is capable of NR-DC operation, and does not report pdcch-BlindDetectionCA
· pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= Max{A+R∙B}, where A>= 0 is the number of DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and B >=0 is the number of DL serving cells with multi-DCI based multi-TRP in both MCG and SCG, and where Max{.} is over all possible configurations that the UE is capable of.
· pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= a+R∙b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and b is the number of configured DL serving cells with multi-DCI based multi-TRP in both MCG and SCG.

In Rel. 15, UE cannot receive multiped beams (different QCL-TypeD properties) simultaneously in a given serving cell or on multiple serving cells in the same frequency band with CA operation. Priority rules are specified to ensure this in Section 10.1 of 38.213 for the case of multiple PDCCHs (CSS set has priority over USS set; and within CSS / USS sets, lowest SS set index in the cell that has lowest index is selected). For multi-TRP operation, UE may be able to receive two beams with different QCL-TypeD properties simultaneously. In that case, and when UE is configured with multi-DCI based multi-TRP, the priority rules should be defined only within the CORESETs with the same value of CORESETPoolIndex. This is illustrated in Figure 3:
[image: ]
[bookmark: _Ref16581212]Figure 3: Priority rules for overlapping PDCCHs in the case of multi-DCI based multi-TRP.
[bookmark: p15]Proposal 15: For multi-DCI based multi-TRP and when UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, the Rel. 15 priority rules are separately applied for CORESETs with the same value of CORESETPoolIndex over the PDCCH candidates in overlapping PDCCH monitoring occasions in the case of single-cell or intra-band CA.
[bookmark: _Hlk534040470]PUCCH Related Enhancements 
In this section, we discuss Ack/Nack feedback design for multi-TRP transmission with multiple-PDCCH based design. Both joint and separate HARQ-Ack feedback have been agreed, and the details for each is discussed in this section.
Joint Feedback
One of the remaining issues is about DAI counting for the case of joint dynamic HARQ-Ack codebook:
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)).
Our view is that Rel. 15 mechanisms should be used as much as possible to minimize the spec impact while ensuring robust HARQ-Ack operation. For example, for joint HARQ-Ack with dynamic codebook, the counting should be joint similar to CA operation. If the DAI counting is separate, then the probability of HARQ-Ack codebook size mismatch increases because when the last DCI for any of the TRPs is missed, the codebook size for the joint HARQ-Ack is not correct. On the other hand, with joint DAI counting, a missing DCI can be detected as shown in Figure 4. Obviously, joint DAI counting is the natural choice for joint HARQ-Ack feedback.
[image: ]
[bookmark: _Ref16196908]Figure 4: Issues with separate DAI counting for joint HARQ-Ack feedback for dynamic codebook.
In addition to above, when joint HARQ-Ack is used for dynamic codebook, total DAI in a given PDCCH monitoring occasion should not only count the DCIs sent across different CCs, but should also count the DCIs sent across different TRPs in a given CC. This is consistent with the HARQ-Ack mechanism for the case of CA, and can further increase the robustness against missing DCIs as shown in Figure 5. Hence, DCI format 1_1 should contain 2 bits for total DAI if more than one serving cell are configured in the DL (as in Rel. 15) or if multi-DCI based multi-TRP is configured.
[image: ]
[bookmark: _Ref16199011]Figure 5: Robustness when tDAI is indicated for joint HARQ-Ack with dynamic codebook.

Additionally, Alt2 (separate DAI) has major impact for UCI multiplexing. In Rel. 15, when UL DCI 0_1 schedules PUSCH, and UCI containing HARQ-Ack overlaps with the PUSCH, UCI is multiplexed with the PUSCH. In order to protect the PUSCH against possible HARQ-Ack codebook size issues, UL DCI 0_1 indicates total DAI. Now, in the case of multi-DCI based multi-TRP with joint dynamic HARQ-Ack in the case of Alt2 (separate DAI), UL DCI 0_1 needs to indicate two total DAI values corresponding to the two TRPs. Furthermore, in the case of CBG-based A/N, two additional total DAIs are also needed for indicating total DAI for the CBG-based A/N for the two TRP, which results in 4 total DAI fields in UL DCI corresponding to 4 sub-codebooks. Note that in Rel. 15 itself, there are two total DAI fields in UL DCI format 0_1, corresponding to two sub-codebooks when CBG-based A/N is configured (one for TB based A/N and another for CBG-based A/N). 
Therefore, for multi-DCI based multi-TR if Alt2 is agreed for joint dynamic HARQ-Ack codebook, this results in two total DAI fields in UL DCI format 0_1 in the absence of CBG-based A/N, and four total DAI fields in UL DCI format 0_1 in the presence of CBG-based A/N. This results in more DCI overhead and addition of new fields to DCI format 0_1, and at the same time, is less reliable compared to Alt1. 
[bookmark: p16][bookmark: _Hlk16199235]Proposal 16: For joint dynamic HARQ-Ack codebook, support Alt1.
Also, the order of DAI counting needs to be specified in Alt1. In Rel. 15, the counting order is based on serving cell indices in a given PDCCH monitoring occasion, and then across PDCCH monitoring occasions. This is used in the pseudo-code for creating the dynamic HARQ-Ack codebook, and  denotes the PDCCH monitoring occasion index and  denote the serving cell index. For the case of multi-DCI based multi-TRP with Alt1, the order needs to be extended. Hence, we propose:
[bookmark: p17]Proposal 17: For joint dynamic HARQ-Ack codebook in Alt1, DAI counting is 
· [bookmark: _Hlk23976254]First across TRPs (i.e. CORESETPoolIndex) for a given serving cell (CC) and a given PDCCH monitoring occasion
· Second across serving cell indices for a given PDCCH monitoring occasions
· Third across PDCCH monitoring occasions

Separate Feedback
The following agreements were achieved in RAN1 #98bis:
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. 

Regarding the association of each PUCCH resource with a value of CORESETPoolIndex, using RRC configuration should be confirmed as it is the most straightforward way. Similarly, for UL-CG type 1, RRC configuration seems to be most natural way. For UL-CG type 2, the CORESETPoolIndex of the CORESET in which the activation DCI is received can be used. 
[bookmark: p18]Proposal 18: For separate feedback, the following are used for determining the association of a UL channels
· For PUCCH resource: RRC configuration
· For UL-CG type 1: RRC configuration
· For UL-CG type 2: CORESETPoolIndex of the CORESET in which the activation DCI is received

When PUCCH resources are configured with PUCCHResource-CORESETpoolIndex, it should be also allowed to double the PUCCH resources within a PUCCH resource set. The PUCCH resource among a PUCCH resource set (determined by the payload) depends on PRI field value indicated in the DCI as well as the CORESETPoolIndex of the CORESET in which the DL DCI is received.
[bookmark: p19]Proposal 19: When PUCCH resources are configured with PUCCHResource-CORESETpoolIndex, the maximum number of PUCCH resources within a PUCCH resource set is doubled. 
· The PUCCH resource is determined based on PRI field value indicated in the DCI as well as the CORESETPoolIndex of the CORESET in which the DL DCI is received.

In the multi-beam agenda item, the following was agreed as a working assumption:
Working Assumption
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the CORESET with the lowest ID in the most recent monitored downlink slot, or 
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

The rules above for determining default spatial relation for dedicated-PUCCH in the case of single-TRP should be also extended to multi-TRP. A natural way is as proposed below.
[bookmark: p20]Proposal 20: For multi-DCI based multi-TRP, for PUCCH resource without configured spatial relation, corresponding default spatial relation is determined based on the lowest CORESET ID that has the same value of CORESETPoolIndex as the value of PUCCHResource-CORESETpoolIndex of the PUCCH resource.
Note that the above discussion assumes that UE cannot simultaneously transmit PUCCH. However, even in Rel. 15, simultaneous transmission in different UL CCs is supported when UE is capable of two PUCCH groups. In Rel. 15, PUCCH-Cell is configured as part of PDSCH-ServingCellConfig, and determines the serving cell index that carries PUCCH for this serving cell. This is illustrated in Figure 6.
[image: ]
[bookmark: _Ref21092221]Figure 6: Two PUCCH groups in Rel. 15.
This capability can be extended so that instead of the first PUCCH-Cell and the second PUCCH-Cell carrying PUCCH feedback for different DL serving cells (first PUCCH group and second PUCCH group in a cell group), the feedback for all the DL serving cells in the cell group with TRP1 can be transmitted in the first PUCCH-Cell and the feedback for all the DL serving cells in the cell group with TRP2 can be transmitted in the second PUCCH-Cell. This is illustrated in Figure 7.
[image: ]
[bookmark: _Ref21092856]Figure 7: Using two PUCCH groups capability for simultaneous transmission of PUCCHs for two TRPs.
As it can be seen in Figure 7, the PUCCH of the first TRP across all the serving cells in the CG with a higher layer index value per CORESET of 0 is transmitted in the first PUCCH-Cell and the PUCCH of the second TRP across all the serving cells in the CG with a higher layer index value per CORESET of 1 is transmitted in the second PUCCH-Cell. This only requires a simple change in PUCCH-Cell configuration of PDSCH-ServingCellConfig, i.e., if a DL serving cell is configured with two values for the higher layer index per CORESET, “PUCCH-Cell” can indicate two serving cells for carrying the feedback for the two TRPs. With that, if UE has such a capability, the issue of PUCCH collision among the two TRPs is solved as both can be transmitted simultaneously.
[bookmark: p21]Proposal 21: When UE is capable of two PUCCH groups (i.e. PUCCH Scell), support the following for simultaneous PUCCH transmission for the two TRPs:
· The feedback for all the DL serving cells in the cell group with TRP1 can be transmitted in the first PUCCH-Cell and the feedback for all the DL serving cells in the cell group with TRP2 can be transmitted in the second PUCCH-Cell.
Conclusion 
Proposal 1: For layer combination 1+2 for DMRS type 2 with one front-loaded DMRS symbol, support
· Entry {0,2,3} for 2 CDM groups without data.
· Existing entry 3-5 for 3 CDM groups without data.

Proposal 2: Support dynamic switching between schemes 1a, 2a, 2b and 3.
Proposal 3: If UE is not configured with pdsch-TimeDomainAllocationList which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation, DMRS port Tables 1-2 above are used when TCI field indicates two TCI states
· If a particular scheme among {‘FDMSchemeA’,‘FDMSchemeB’,‘TDMSchemeA’} is not configured by the higher layer parameter URLLSchemeEnabler, the UE is not expected to be indicated with an antenna port entry indicating that scheme.
[bookmark: _GoBack]Proposal 4: If UE is configured with pdsch-TimeDomainAllocationList which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation
· Maximum size of the TDRA field is increased to 6 bits (maximum TDRA table size is increased to 64).
· Antenna port(s) field size is 2 bits for DMRS type 1 and 3 bits for DMRS type 2 (DMRS tables 3-4 are used).
· When TCI field indicates one TCI state, it is used across all repetition (i.e. slot-aggregation with dynamic number of repetitions)

Proposal 5: For schemes 2b and 3, RV pairs given in the Table 5 are supported.
Proposal 6: For schemes 3, if UE is configured with K>0 symbols offset, and the DCI indicates an SLIV that would result in the second PDSCH transmission occasion to cross the slot boundary, UE assumes K=0 instead of the configured value provided that with this assumption, the second PDSCH transmission occasion does not cross the slot boundary.
Proposal 7: For single-DCI based multi-TRP, if the UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, the first default QCL assumption is determined similar to Rel. 15
· If there is a TCI codepoint that indicates two TCI states and one of them has the same QCL-TypeD as the first default QCL, the other TCI state among the two TCI states is determined as the second default QCL 
· If there are more than one such TCI codepoints, the lowest codepoint is considered
· If there is no such TCI codepoint, single default QCL is assumed

Proposal 8: For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.
Proposal 9: DMRS of a PDSCH is shifted by 1 when appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter LTE-CRS-PatternList-r16 independent of a) any PRB-level overlap or not with the CRS pattern(s), b) MBSFN subframe or not c) The value of CRSPatternList-CORESETPoolIndex, d) Presence and scheduling parameters of the other scheduled PDSCH. 
Proposal 10: For multi-DCI based multi-TRP, when UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, default QCL for a PDSCH is determined based on the lowest CORESET ID that has the same value of CORESETPoolIndex as the CORESET in which the DCI scheduling the PDSCH is received (i.e. within the same CORESET group).
Proposal 11: For multi-DCI based multi-TRP, out-of-order operation is allowed across TRPs but the operation should remain in-order within a TRP, i.e., 
· When PDCCHs that schedule two PDSCHs / PUSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, they can be out-of-order with respect to PDCCH to PDSCH, PDCCH to PUSCH, and PDSCH to HARQ-Ack.
· When PDCCHs that schedule two PDSCHs / PUSCHs are associated to same or different ControlResourceSets having the same values of CORESETPoolIndex, they should be in-order with respect to PDCCH to PDSCH, PDCCH to PUSCH, and PDSCH to HARQ-Ack.

Proposal 12: CORESET 0 is always associated with a fixed value of CORESETPoolIndex (e.g. value=0) when the UE is configured with multi-DCI based multi-TRP operation.
Proposal 13: When multi-DCI based multi-TRP is configured in the primary cell, 
· If per scheduled cell BD/CCE limit is equal to per-TRP BD/CCE limit, overbooking is done in the primary cell (Rel. 15).
· If per scheduled cell BD/CCE limit is larger than per-TRP BD/CCE limit, overbooking is done only for the SS sets associated with the CORESET(s) that are configured with the first value of CORESETPoolIndex.

Proposal 14: For multi-DCI based multi-TRP and when UE is capable of NR-DC operation, and does not report pdcch-BlindDetectionCA
· pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= Max{A+R∙B}, where A>= 0 is the number of DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and B >=0 is the number of DL serving cells with multi-DCI based multi-TRP in both MCG and SCG, and where Max{.} is over all possible configurations that the UE is capable of.
· pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= a+R∙b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and b is the number of configured DL serving cells with multi-DCI based multi-TRP in both MCG and SCG.

Proposal 15: For multi-DCI based multi-TRP and when UE is capable of receiving two simultaneous beams with different QCL-TypeD properties, the Rel. 15 priority rules are separately applied for CORESETs with the same value of CORESETPoolIndex over the PDCCH candidates in overlapping PDCCH monitoring occasions in the case of single-cell or intra-band CA.
Proposal 16: For joint dynamic HARQ-Ack codebook, support Alt1.
Proposal 17: For joint dynamic HARQ-Ack codebook in Alt1, DAI counting is 
· First across TRPs (i.e. CORESETPoolIndex) for a given serving cell (CC) and a given PDCCH monitoring occasion
· Second across serving cell indices for a given PDCCH monitoring occasions
· Third across PDCCH monitoring occasions

Proposal 18: For separate feedback, the following are used for determining the association of a UL channels
· For PUCCH resource: RRC configuration
· For UL-CG type 1: RRC configuration
· For UL-CG type 2: CORESETPoolIndex of the CORESET in which the activation DCI is received

Proposal 19: When PUCCH resources are configured with PUCCHResource-CORESETpoolIndex, the maximum number of PUCCH resources within a PUCCH resource set is doubled. 
· The PUCCH resource is determined based on PRI field value indicated in the DCI as well as the CORESETPoolIndex of the CORESET in which the DL DCI is received.

Proposal 20: For multi-DCI based multi-TRP, for PUCCH resource without configured spatial relation, corresponding default spatial relation is determined based on the lowest CORESET ID that has the same value of CORESETPoolIndex as the value of PUCCHResource-CORESETpoolIndex of the PUCCH resource.
Proposal 21: When UE is capable of two PUCCH groups (i.e. PUCCH Scell), support the following for simultaneous PUCCH transmission for the two TRPs:
· The feedback for all the DL serving cells in the cell group with TRP1 can be transmitted in the first PUCCH-Cell and the feedback for all the DL serving cells in the cell group with TRP2 can be transmitted in the second PUCCH-Cell.
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