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Introduction
This contribution provides Samsung’s views on multi-TRP/Panel Transmission.
Multiple-PDCCH based enhancements
1 
2 
PDSCH allocation
The following agreements are available for PDSCH allocation for multi-DCI based NCJT:
	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.




Our views on the FFS points above are as follows:
1) 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.
2) UE behaviour when the indicated BWPs from different TRPs are not identical: 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.
3) How to define multi-DCI based multi-TRP transmission: To define multi-DCI based multi-TRP transmission to apply the restrictions above, following three options are available; 1) explicit indication by introduce a new RRC parameter per serving cell, or 2) implicit indication depending on the higher layer index per CORESET, or 3) implicit indication depending on the UE capability on multi-DCI based multi-TRP transmission. Since it is up to gNB whether to configure the higher layer index per CORESET for multi-DCI based multi-TRP transmission, option 2 may induce serious restrictions on potential use cases of the whole feature. In other words, option 2 is a subset of possible multi-DCI based multi-TRP transmissions but cannot be the universal set of them. Therefore, option 1 or option 3 should be the proper way to go.
Proposal 1: Support RRC configured bundling size only for NC-JT support.
Proposal 2: The values of BWP indicators for two co-scheduled PDSCHs shall be identical for NC-JT support. Otherwise, UE assumes single TRP transmission.
Proposal 3: Down-select one among the following options to determine a DL serving cell configured with multi-DCI based multi-TRP transmission to increase the maximum numbers of BD/CCE
· Option 1: Explicit indication by introduce a new RRC parameter per serving cell
· Option 2: Implicit indication depending on the UE capability on multi-DCI based multi-TRP transmission
BD/CCE enhancements
The following agreements were made from the email discussion after RAN1#98bis meeting:
	Agreement
The gNB can configure UE to use Rel-15 BD/CCE limits regardless of UE capability signalling on BD/CCE limit enhancement
· FFS: Whether RRC signalling is needed
Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· 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, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.


Our views on remaining issues are as follows:
1) How to determine DL serving cells configured with multi-DCI based multi-TRP transmission: To determine a DL serving cell configured with multi-DCI based multi-TRP transmission to increase the maximum numbers of BD/CCE, following three options are available; 1) explicit indication by introduce a new RRC parameter per serving cell, or 2) implicit indication depending on the higher layer index per CORESET, or 3) implicit indication depending on the UE capability on multi-DCI based multi-TRP transmission. In contrast with the discussion in Section 2.1, option 2 is valid here, since option 2 does not preclude that gNB performs multi-DCI based multi-TRP transmission without configuring higher layer index per CORESET. On the other hands, option 3 may induce that all the configured DL serving cells should be either DL serving cells without multi-DCI based multi-TRP or DL serving cells with multi-DCI based multi-TRP.
2) Support of DC capable UEs: The agreed principles also can be directly applied for DC capable UEs, i.e. UEs reporting pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE. In other words, the same bounds can be applied for both CA and/or DC capable UEs.
3) PDCCH overbooking for NC-JT: 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. Regarding SCell, it is preferred to use the same rule for Rel-15, i.e. no overbooking by gNB implementation, for minimum specification efforts.
Proposal 4: Regarding the maximum numbers of PDCCH candidates and non-overlapped CCEs,
· Down-select one among the following options to determine a DL serving cell configured with multi-DCI based multi-TRP transmission to increase the maximum numbers of BD/CCE
· Option 1: Explicit indication by introduce a new RRC parameter per serving cell
· Option 2: Implicit indication depending on the higher layer index per CORESET
· Option 3: Implicit indication depending on the UE capability on multi-DCI based multi-TRP transmission
· Support the same principles for DC capable UEs as well
Proposal 5: Secure at least one search space set per CORESET for NC-JT capable UE with PCell PDCCH overbooking
· Note: No specification change for SCell, i.e. no overbooking by gNB implementation.
PDSCH rate matching
The following agreements on LTE CRS rate matching were made in RAN1#98bis meeting:
	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.


Furthermore, agreements on DSS were made in RAN1#98 beeting:
	Agreements:
· 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


As a consequence, the following descriptions have been drafted for Rel-16 CR on TS38.214:
	· [when the UE configured by higher layer parameter PDCCH-Config with two different values of CORESETPoolIndex in ControlResourceSet] and also configured by the higher layer parameter LTE-CRS-PatternList-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
· REs indicated by CRSPatternList-CORESETPoolIndex for a UE supporting the capability of [separate-lte-CRS-ToMatchAround].
· REs indicated by CRS-PatternList-r16 in ServingCellConfig for a UE not supporting the capability of [separate-lte-CRS-ToMatchAround]


From our understanding, the value of Y from DSS discussion were determined as two taking into account the discussion in MTRP. With this understanding, the agreements from MTRP agenda are supposed to be subordinate behaviors under DSS agreements. If this is the common understanding in RAN1, the RE patterns indicated by CRSPatternList-CORESETPoolIndex should be included among the RE patterns indicated by CRS-PatternList-r16. Otherwise, the total number of LTE-CRS patterns per serving cell at UE side is ambiguous.
Proposal 6. The RE patterns indicated by CRSPatternList-CORESETPoolIndex should be included among the RE patterns indicated by CRS-PatternList-r16.
Single PDCCH based enhancements
1. 
1. 
1. 
5. DMRS port indication enhancements
The following agreements on DMRS port indication were made in RAN1#98bis meeting:
	Agreement
For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data 



From Rel-15, the following three operations, i.e. 1) TCI state activation/de-activation, 2) TCI code point indication, and 3) DMRS port indication, have been independently performed. However, given that the first (TCI state activation/de-activation) and second (DMRS port indication) operations were enhanced in Rel-16 to enable single DCI based multi-TRP transmission, some pairs of above three operations may not be valid anymore. For instance, there are no clear agreements that preclude to indicate of one or more DMRS ports within a single CDM group when the TCI code point allocated by the scheduling DCI is associated with two TCI states. In such case, not only the throughput performance can be degraded because of unclear UE behaviour but also the use cases are not clear. To address this issue, the following proposal can be considered:
Proposal 7. Down-select one of the following options for the UE received Rel-16 TCI activation MAC CE.
· Option 1: Clarify that the UE does not expect to be indicated with a TCI code point associated with two TCI states and to be indicated with one or more DMRS ports within a single CDM group
· Option 2: Define new DMRS port indication tables corresponding to a TCI code point associated with two TCI states
5. Mapping of TCI states and CDM group
Regarding the mapping between TCI states and CDM groups for single PDCCH based NC-JT, the following agreements were made so far.
	Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact
Agreement
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 
FFS: the definition of the first or second indicated CDM group
FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS
Agreement
For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.


For DMRS type 2, one remaining issue is that whether the three CDM groups for NC-JT will be supported or not. Since there will be no additional specification support for 1+3/3+1 layer combinations, MU cases, and two CWs for NC-JT, the only use case for three CDM groups is that in single CW transmission, one TRP is allocated a single CDM group while the other TRP is allocated the remaining two CDM groups. Such case is not supported if Rel-15 DMRS tables for single CW are reused, as there are no entries which uses DMRS ports from three CDM groups for single CW. Also, we can’t find any technical benefit by supporting such cases in NC-JT. Hence our view is that three CDM groups for NC-JT is not needed in Rel-16.
Proposal 8. No additional specification support for three CDM groups.
UCI/CSI/RS design for NC-JT
6 
HARQ ACK/NACK enhancements
The following agreements on HARQ-ACK feedback enhancements had been made so far:
	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
In order to switch between joint and separated ACK/NACK feedback within a slot, 
· RRC signaling is used to switch between joint feedback and separate feedback
· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 
Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP
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. 


Our views on the FFS points above are as follows:
1) UE behaviour in case the higher layer index per CORESET is not configured: In case that the higher layer index per CORESET is not configured, gNB can utilize Rel-15 HARQ-ACK framework (i.e. by using slot based TDMed PUCCH resources) or Rel-16 eURLLC HARQ-ACK framework (i.e. by using sub-slot based TDMed PUCCH resources). Therefore, no need to specify a new UE behaviour for this case.
2) Association between a PUCCH resource and higher layer index per CORESET (CORESETPoolIndex): When a PUCCH resource is associated with a higher layer index per CORESET, the PUCCH resource will be transmitted to the TRP corresponding to that higher layer index per CORESET. Since there would be pathloss gap between two different TRPs in general, different power control parameters may be needed per the association between a PUCCH resource and TRP. Fortunately, existing PUCCH configuration already permits a PUCCH spatial relation to be associated to one of two “PUCCH power control adjustment states”, which is given as RRC field closedLoopIndex with one of two possible values, say ‘i0’ or ‘i1’, in PUCCH-SpatialRelationInfo. It means that a PUCCH resource can be associated with one among the given “PUCCH power control adjustment states” by activating corresponding PUCCH spatial relation for the PUCCH resource. Hence, by defining one-to-one mapping between PUCCH power control adjustment state and higher layer index per CORESET, e.g., closedLoopIndex with value ‘i0’ corresponding to CORESETPoolIndex with value 0 and ‘i1’ corresponding to value 1, a PUCCH resource can be associated with a higher layer index per CORESET without introducing any additional parameter.
Observation 1. No specification supports are required to define UE behaviour in case the higher layer index per CORESET is not configured.
Proposal 9. A PUCCH resource and higher layer index per CORESET (CORESETPoolIndex) can be associated via “PUCCH power control adjustment state” corresponding to CORESETPoolIndex.

3) PRI indication with the granularity of sub-slot for eMBB with M-TRP: One of the easiest way to support separate HARQ-ACK feedback within a slot is utilizing sub-slot granularity for K1 and reuse the HARQ-ACK codebook generation from Rel-15. For instance, the following agreements from eURLLC can be a good starting point for NC-JT as well:
	Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.

Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.

Agreements:
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.



If the existing agreements can be reused for NC-JT as well, it seems that the remaining issues need to be addressed further:
1) Maximum number of PUCCH transmissions carrying HARQ-ACKs in a slot: Up to two PUCCH transmissions carrying HARQ-ACK in a slot will be enough in Rel-16 for the sake of NC-JT support.
2) Sub-slot grid
	2-1) First symbol of sub-slot: Preferred to support at least 1st and 8th OFDM symbols in a slot
	2-2) Length of sub-slot: Preferred to support at least 7 OFDM symbols
	2-3) Do not allow PUCCH across sub-slot boundary in Rel-16
3) Extension of K1 value range and/or the corresponding DCI payload: Extension of K1 value range to have the same flexibility on resource allocation for slot-based HARQ-ACK transmission can be considered. For instance, the existing K1 value range can be doubled under the suggestions on sub-slot grid above. However, we don’t see a strong reason to increase DCI payload.
Proposal 10. Adopt the agreements on sub-slot-based HARQ-ACK feedback for NC-JT as well. And address the following aspects:
· Support up to two PUCCH transmissions carrying HARQ-ACK in a slot
· Regarding sub-slot grid,
· Support first symbol of sub-slot in the 1st and 8th OFDM symbols in a slot at least
· Support sub-slots comprising 7 OFDM symbols at least
· Do not allow PUCCH across sub-slot boundary in Rel-16
· Consider to extend the existing K1 value range
· Keep the DCI payload for PUCCH resource indication
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.
Default QCL
It have been reported that the UE behaviour for NC-JT operation can be ambiguous for when default QCL shall be used. For instance, when the scheduling offset(s) between one or two scheduling DCIs and the scheduled PDSCH(s) are less than the reported value of timeDurationForQCL, then the existing rules for default QCL may make UE to apply the same QCL assumption for different PDSCHs received at the same time, which should not be a proper intention. Considering that the remaining TUs are quite limited and Rel-16 discussions have been mainly focusing on FR1, we prefer to have a simple solution for Rel-16 and revisit this issue in the upcoming releases.
Proposal 13. In Rel-16, UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT eMBB operations.
NC-JT for URLLC
7 
Details on scheme 2a/2b
In RAN1#97, it was agreed to support FDM based repetition schemes with single and multiple CWs at least for single DCI. FDM-based repetition can achieve better reliability due to additional frequency diversity by using different TRPs per repetition. Such frequency diversity can be better utilized if the frequency resource per repetition is chosen flexibly, by allowing flexible RB allocation per repetition. Figure 1 shows the BLER gain from flexible RB allocation over fixed RB allocation for both scheme 2a and 2b. In Figure 1 more than 1 dB gains are observed at target BLER= for both scheme 2a and 2b.
[image: ]
[bookmark: _Ref16689188]Figure 1. BLER comparison for different PRB allocations under scheme 2a and 2b.
One way of supporting flexible RB allocation is to use multi-DCI, at least for repetition with multiple CWs. In multi-DCI based repetition, each repetition can have independent FD-RA field, which inherently supports flexible RB allocation. Besides, multi-DCI based repetition allows to have independent MCS per each repetition in nature. If such MCS is restricted to be the same across repetitions, it may cause bad BLER performance when the channel quality considerably varies per each repetition – which is likely to happen in multi-TRP scenario. So our view is to support independent MCS selection per each repetition for multi-DCI based repetition. Across the repetitions, the LDPC base graph and TBS shall be the same to ensure combining between them, even if they are allocated different number of RBs and different MCS.
In RAN1#98bis, the following conclusion was made on multi-DCI based FDM scheme.
	Conclusion
Whether to support multi-DCI based FDM scheme with repetition has no RRC impact. Further details of RAN1 spec impact can be further discussed in RAN1#99 meeting.


On the spec impact of multi-DCI based FDM scheme, our understanding is that current multi-DCI based NC-JT framework already supports non-overlapping FD-RA and the only needed spec impact would be how to indicate UE to know whether multiple DCIs schedule the same repeated PDSCHs or not. One way of enabling such indication is to introduce 1 bit signalling in DCI or new RNTI.
One remaining issue for scheme 2b is on the RV sequence for each repetition as shown in the following agreements.
	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)


In designing the RV sequence, the following principles need to be considered:
i) Self-decodability of each repetition: In multi-TRP repetition, the channel quality of each repetition may considerably vary due to e.g., different blockage condition per each TRP-UE channel. In this situation, ensuring self-decodability is important. Hence, when self-decodable RV for the first TRP is selected by RVid, the RV for the second TRP should be also self-decodable. For example, when the RVid is selected as 0, the RV for the second TRP is desired to be 0 or 3.
ii) Combining gain across repetitions: To obtain high combining gain across repetitions, assigning different RV at each repetition is desired. Recalling the example above, when the RVid is selected as 0, the RV for the second TRP is better to be 3 than 0.
From the above principles, we obtain Table 1.
[bookmark: _Ref4715639]Table 1. RV sequence for scheme 2b
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Proposal 14: Support of multi-DCI based FDM scheme with repetition
· Introduce 1 bit signalling in DCI or new RNTI to permit soft combining of PDSCHs
Proposal 15: Support independent MCS selection for each TRP at least for multi-DCI based FDM scheme with repetition.
Proposal 16: LDPC base graph and TBS shall be same across repetition for multi-DCI based FDM scheme with repetition, as in single-DCI based FDM scheme.
Proposal 17: Use Table 1 as RV sequence candidates for scheme 2b.
Details on scheme 3/4
Various discussion points for TDM-based repetition schemes have been clarified such as:
1) The maximum number of repetition for scheme 4
2) TCI state mapping to PDSCH transmission occasions for scheme 4
3) RV sequences for scheme 4
4) [bookmark: _GoBack]DL/UL switching within a slot for scheme 3
5) Default QCL assumption

Remaining discussion points for scheme 4 are listed as follows.
	Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
The maximum number of repetition is FFS.

Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
FFS: Whether both or one of the options is UE optional or not

Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.


On the maximum number of repetition, our view is that we can start from the number of repetitions used for Rel-15 PDSCH slot aggregation, which is up to 8. Further enhancements can be considered if the benefits are clearly proven.
For TCI state mapping to PDSCH transmission occasions, both the two options, cyclical mapping and sequential mapping, are agreed to be supported. A remaining discussion point is whether both or one of the options is UE optional or not. In our view, cyclical mapping is the default while sequential mapping is UE optional since the former is more suitable for multi-TRP based repetition. In multi-TRP scenario, the channel quality of each repetition may considerably vary due to different blockage condition per each TRP-UE channel. Taking two TCI states with 4 total repetitions as an example, cyclical mapping obviously achieves better diversity gain than sequential mapping for the first two repetitions, which leads to higher early termination probability and therefore lower power consumptions at the UE side.
Regarding RV sequence for scheme 4, it was agreed that the RV sequence associated to the second TRP is determined by a RV offset. One remaining issue is about the default behaviour when the RV offset is not configured. There are two possible options: first option is to apply a default value of RV offset, such as zero, and the second option is to apply the RV sequence selected via DCI throughout all repetitions of all TRPs. Our preference is the first option since i) the first option ensures the consistent behaviour between the cases when RV offset is configured and otherwise, while the second option does not, and ii) first option is better than the second option in perspective of self-decodability across repetitions. In multi-TRP repetition, ensuring the self-decodability is important due to the different blockage condition per each TRP-UE channel.
One remaining issue for scheme 3 is the handling of PDSCH repetitions overlapping in the semi-static/dynamic UL symbols as captured in the following agreement.
	Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot


In Rel-15, behaviours when a PDSCH repetition overlaps with semi-static or dynamic UL symbols respectively are specified: The PDSCH repetition overlapping with semi-static UL symbols is not transmitted, while the overlapping between PDSCH repetition and dynamic UL symbols is avoided by NW implementation. In multi-TRP URLLC scheme 3, such behaviour needs to be enhanced. First, since the collision between PDSCH repetition and slot boundary is avoided by NW implementation, the overlapping between PDSCH repetition and semi-static UL symbols can be treated in the same manner and no additional rule as in Rel-15 is needed. However, overlapping between PDSCH repetition and dynamic UL symbols should be treated differently because avoiding such overlapping by NW implementation may greatly reduce the scheduling flexibility of both the repeated PDSCHs and dynamic UL symbols. In such case, rate-matching the PDSCH on the overlapped symbols will be a simple and efficient solution.
In Rel-15, default QCL is to be applied throughout all repetitions when the scheduling offset(s) between the scheduling DCI and the first scheduled PDSCH is less than the reported value of timeDurationForQCL. One may argue that the Rel-15 behaviour on default QCL lacks support of low latency beam switching and needs enhancement. However, considering that the remaining TUs are quite limited and Rel-16 discussions have been mainly focusing on FR1, we prefer to revisit this issue in the upcoming releases rather than making hasty and incomplete solution in this release.
Proposal 18: For M-TRP URLLC scheme 4,
· Support up to 8 repetitions as in Rel-15
· Support cyclical mapping as default and sequential mapping as UE optional
· Apply a default value for RV offset, such as zero, when RV offset is not configured
Proposal 19: For M-TRP URLLC scheme 3,
· Avoid overlapping between PDSCH repetition and semi-static UL symbols by NW implementation.
· Rate-match the PDSCH symbols overlapped with dynamic UL symbols
Proposal 20. In Rel-16, UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT URLLC operations.
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Conclusions
12 
This contribution considered the remaining issues on multi-TRP/-panel. The following proposals and observations are made:
Proposal 1: Support RRC configured bundling size only for NC-JT support.
Proposal 2: The values of BWP indicators for two co-scheduled PDSCHs shall be identical for NC-JT support. Otherwise, UE assumes single TRP transmission.
Proposal 3: Down-select one among the following options to determine a DL serving cell configured with multi-DCI based multi-TRP transmission to increase the maximum numbers of BD/CCE 
· Option 1: Explicit indication by introduce a new RRC parameter per serving cell
· Option 2: Implicit indication depending on the UE capability on multi-DCI based multi-TRP transmission
Proposal 4: Regarding the maximum numbers of PDCCH candidates and non-overlapped CCEs,
· Down-select one among the following options to determine a DL serving cell configured with multi-DCI based multi-TRP transmission to increase the maximum numbers of BD/CCE 
· Option 1: Explicit indication by introduce a new RRC parameter per serving cell
· Option 2: Implicit indication depending on the higher layer index per CORESET
· Option 3: Implicit indication depending on the UE capability on multi-DCI based multi-TRP transmission
· Support the same principles for DC capable UEs as well
Proposal 5: Secure at least one search space set per CORESET for NC-JT capable UE with PCell PDCCH overbooking
· Note: No specification change for SCell, i.e. no overbooking by gNB implementation.
Proposal 6. The RE patterns indicated by CRSPatternList-CORESETPoolIndex should be included among the RE patterns indicated by CRS-PatternList-r16.
Proposal 7. Down-select one of the following options for the UE received Rel-16 TCI activation MAC CE.
· Option 1: Clarify that the UE does not expect to be indicated with a TCI code point associated with two TCI states and to be indicated with one or more DMRS ports within a single CDM group
· Option 2: Define new DMRS port indication tables corresponding to a TCI code point associated with two TCI states
Proposal 8. No additional specification support for three CDM groups.
Proposal 9. A PUCCH resource and higher layer index per CORESET (CORESETPoolIndex) can be associated via “PUCCH power control adjustment state” corresponding to CORESETPoolIndex.
Proposal 10. Adopt the agreements on sub-slot-based HARQ-ACK feedback for NC-JT as well. And address the following aspects:
· Support up to two PUCCH transmissions carrying HARQ-ACK in a slot
· Regarding sub-slot grid,
· Support first symbol of sub-slot in the 1st and 8th OFDM symbols in a slot at least
· Support sub-slots comprising 7 OFDM symbols at least
· Do not allow PUCCH across sub-slot boundary in Rel-16
· Consider to extend the existing K1 value range
· Keep the DCI payload for PUCCH resource indication
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. In Rel-16, UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT eMBB operations.
Proposal 14: Support of multi-DCI based FDM scheme with repetition
· Introduce 1 bit signalling in DCI or new RNTI to permit soft combining of PDSCHs
Proposal 15: Support independent MCS selection for each TRP at least for multi-DCI based FDM scheme with repetition.
Proposal 16: LDPC base graph and TBS shall be same across repetition for multi-DCI based FDM scheme with repetition, as in single-DCI based FDM scheme.
Proposal 17: Use Table 1 as RV sequence candidates for scheme 2b.
Proposal 18: For M-TRP URLLC scheme 4,
· Support up to 8 repetitions as in Rel-15
· Support cyclical mapping as default and sequential mapping as UE optional
· Define default RV offset value for the case when such RV offset is not configured
Proposal 19: For M-TRP URLLC scheme 3,
· Avoid overlapping between PDSCH repetition and semi-static UL symbols by NW implementation.
· Rate-match the PDSCH symbols overlapped with dynamic UL symbols
Proposal 20. In Rel-16, UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT URLLC operations.
Observation 1. No specification supports are required to define UE behaviour in case the higher layer index per CORESET is not configured.
Appendix
Table 2. Evaluation assumptions for the LLS evaluation results
	Parameters
	Values

	Carrier frequency / SCS
	4GHz / 15kHz

	Bandwidth
	20MHz

	Channel model
	TDL-C with DS = 100ns

	UE speed
	3km/h

	gNB / UE antenna configuration
	2 Tx ports / 4 Rx ports

	DMRS type / symbols
	Type 1, 1 symbol, no FDM with data

	DMRS channel estimation
	Ideal

	CSI measurement
	Ideal

	CSI-RS configuration
	2 ports per TRP with density 1

	CSI reporting
	PMI and CQI reporting with 5 slot periodicity

	Time domain resource allocation
	PDSCH mapping type B with 4 symbols

	Number of RBs
	40 RBs

	TBS
	1224 bits

	MCS index (Table 3 in TS38.214)
	Index 12
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