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1. Introduction

In RAN1 #98 meeting, designs for multiple-PDCCH and single-PDCCH based M-TRP/panel transmission as well as enhancement for URLLC were discussed with the following agreements:
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 case higher layer index per CORESET is configured, 

· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Conclusion

For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, there is no consensus to increase the maximum number of HARQ process in Release 16
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)).
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

With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis

· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets

· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

Agreement

For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.
Agreement

At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs

· Alt2: configured CRS patterns which are associated with a higher layer signalling 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.

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 single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 

· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.

· Principle 2: No consensus to have additional specification support for MU cases
· Principle 3: No consensus to have additional specification support for two CWs

Agreement

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 scheme 2a and 2b: 

· The number of TCI states is 2

· Support up to 2 transmission layers for scheme 2a 

Agreement

For single-DCI based M-TRP URLLC scheme 3 & 4 

· The maximum number of TCI states is 2

· Resource allocation in time domain:

· Support same number of consecutive symbols scheduled for transmission occasion 

· For scheme 3 

· All transmission occasions are in a single slot by NW implementation without dropping. 

· FFS for DL/UL switching within the slot  

Agreement

For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 

· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

Agreement

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

For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 

· The supported maximum TBS size is dependent on UE capability 

Agreement

PDSCH repetition indication mechanism: 

· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis

· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions

· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis

· Option 1: It is dynamically indicated 

· Option 2: By high-layer signaling following Rel-15 mechanism 

Email discussion on the details of PDSCH repetition indication mechanism by 6th of Sep Min (Huawei)
After the email discussion following RAN1#98 meeting, the following details on repetition indication mechanism were agreed:
· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 

· Option 1: It is dynamically indicated 

· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC

· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.

· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7,  2/4/6 for L = 2.  FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.

· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 

· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  

· FFS: whether/how X>1 to be supported  

· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 

· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 

· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.

· Option 2: By high-layer signaling following Rel-15 mechanism 

In this contribution, we present further discussions on multiple PDCCH based and single PDCCH based non-coherent joint transmission and enhancements for URLLC transmission from multiple TRPs/panels.
2. Multiple PDCCH based multi-TRP/panel DL transmission
2.1. Enhancements on multiple PDCCHs/PDSCHs transmission
· BWP configuration for partial/full overlapping
For the case of that the time domain resources of multiple PDSCHs from different TRPs overlap partially or fully, it was agreed that UE can only receive those PDSCHs within one BWP simultaneously. Only one BWP can be activated for a UE per CC as specified in Rel-15. To ensure the same active BWP for PDSCHs transmitted from multiple TRPs, four alternatives were proposed in RAN1#96bis meeting:
· Alt.1:  Dynamic BWP switching is not allowed.
· Alt.2: A UE is not expected to be scheduled with PDSCHs simultaneously in different BWPs via multiple PDCCHs.

· Alt.3: Only the BWP indicator in one CORESET is effective for both PDSCHs.
· Alt.4: When a UE is scheduled with PDSCHs simultaneously in different BWPs via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped.
For Alt.1, it is too restricted to disable BWP indicator for a UE supporting multiple TRP/panel transmission. Since the transmission is a UE capability, and whether single or multiple TRPs are used for PDSCH transmission can be transparent to UE, it is difficult to inform UE whether dynamic BWP switching is allowed or not. 
For Alt.2, single active BWP is ensured by gNB. That might not be feasible for deployment scenarios with non-ideal backhaul. If the backhaul between multiple TRP is not ideal, dynamic coordination among TRPs is unavailable. Considering BWP switching can be dynamical by DCI, it is still possible that simultaneously scheduled PDSCHs are scheduled in different BWP. When that happens, the UE would treat it as an error case and drop both PDSCHs accordingly.
For Alt.3, the BWP is only indicated by one predefined PDCCH out of multiple PDCCHs. The PDSCH scheduled by secondary CORESET should follow the BWP of PDSCH scheduled by primary CORESET. In this alternative, the gNB should ensure both PDSCHs are transmitted in the same single active BWP. Otherwise UE may detect PDSCH scheduled by secondary CORESET in a wrong BWP.
For Alt.4, a priority needs to be defined among PDSCHs if they are scheduled in different BWP but collide in time domain. It may happen when backhaul among TRPs is non-ideal. This alternative is preferred because at least the PDSCH with higher priority can be decoded, in contrast to Alt.1 and Alt.2. In most cases, gNB can avoid the collision so that UE can decode both PDSCHs. 
Proposal 1: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped, or only one BWP indicator is effective.
· PDCCH/CORESET configuration
During the email discussion on RRC parameter for multiple TRP transmission, companies had different views on the values of HigherLayerIndexPerCORESET. Some companies suggested to introduce more candidate values other than {0, 1}. In current agreements, only two TRPs are assumed for multiple TRP transmission. For example, the number of CORESETs and PDSCH scrambling only considers the use case of two TRPs, and the HARQ-ACK transmission and multiplexing (e.g. agreements on DCI counting, HARQ-ACK resource allocation) also only considers HARQ-ACK for PDSCHs sent from two TRPs. If more values are introduced, for example, PDCCHs from TRP0 and TRP1 are scheduled in one slot, and PDCCHs from TRP0 and TRP2 are scheduled in another slot, the current agreements cannot support corresponding PDSCH/HARQ-ACK transmission. Hence, the candidate values of HigherLayerIndexPerCORESET should only include 0 and 1.
Proposal 2: The candidate values of higher layer parameter HigherLayerIndexPerCORESET only include {0,1}.
The UE behavior when the higher layer index per CORESET is not configured is unclear by now. If the index is not configured, it is straightforward to assume that all the transmissions are from the same TRP, and the UE behavior should fall back to that specified in Rel-15. No impact to current specification is needed if the specification only specifies the UE behavior with index configured for CORESETs. In this case, multiple dataScramblingIdentityPDSCH and multiple CRS patterns for different TRPs (except that for different carriers) are not needed and thus, they shall not be configured by gNB, or UE would use a default one if multiple configurations are indicated. The same UE behavior can also be applied to the case when the same index is indicated for all configured CORESETs. 
Another issue is whether to support the case that higher layer index is configured for some of the CORESETs but not configured for some other CORESETs. It is preferred that gNB should avoid the case since the use case for this configuration is unclear and would lead to ambiguous UE behavior.
Proposal 3: If higher layer index is not configured for any CORESET, or the same index is configured for all configured CORESETs
· UE behavior will follow that of Rel-15.
· UE is not expected to be configured with multiple dataScramblingIdentityPDSCH.
· UE is not expected to be configured with multiple CRS patterns for different TRPs.
Proposal 4: UE is not expected to be configured with higher layer index only for part of configured CORESETs.
It was agreed that the maximal number of CORESETs per “PDCCH-config” is increased up to 5 subject to UE capability. Considering that the additional CORESETs for scheduling data of secondary TRP (e.g. CORESET(s) with index equal to 1) will only be used to schedule data transmission rather than system information or configuration information (e.g. RRC signaling), the number of blind detections can be reduced by introducing some restriction on the associated search space. As an example, only part of aggregation levels and/or DCI formats needs to be monitored in a search space associated with the secondary TRP. For example, only DCI format 1_1 is expected to be monitored in the search space associated with the CORESETs with the higher layer signaled index being equal to a predefined value to support non-coherent DL transmission. 
Proposal 5: Support mechanisms to reduce the number of blind detections for multiple PDCCH-based multi-TRP transmission. 
· On example is to restrict the aggregation level/DCI format in search spaces associated with CORESET(s) with the higher layer index equal to a predefined value.
· PDSCH configuration
Multiple CRS patterns for different TRPs could be configured to a UE with multiple TRP transmission. It is FFS whether one PDSCH will apply all the configured patterns or only apply the CRS pattern(s) associated with the index configured in the CORESET scheduling the PDSCH. In Rel-15, only the LTE CRS pattern of the TRP transmitting a PDSCH will be applied to the scheduled PDSCH, and pattern of neighboring cells will not be configured to UE for rate-matching. For multiple TRP transmission, it is unreasonable to mandate UE to perform rate-matching on CRS patterns of both TRPs. If the gain from NC-JT is not significant enough, or when UE is dynamically switched to single TRP transmission, rate-matching on all configured CRS patterns may lead to even worse performance than single TRP transmission in Rel-15. Therefore, an association between CRS patterns and higher layer index (Alt.2) should be introduced. Typically, two methods can be considered for configuring the association:

· Alt2.1: implicit association, where each configured CRS pattern is associated with a fixed index. For example, if two patterns are configured, the first configured pattern is associated with index=0, while the second is associated with index=1.
· Alt2.2: explicit association, where the index associated with each CRS pattern is configured by gNB. For example, two bits can be configured for each pattern to indicate the associated index, where ‘01’ indicates it associates with index=1, and ‘11’ indicates it associates with both indexes.
Considering the configuration flexibility, Alt2.2 is slightly preferred. With Alt2.2, even Alt1 can be supported via gNB configuration. 
Proposal 6: For rate matching of CRS, each CRS pattern is associated with at least one higher layer signalled index and adopted to PDSCHs scheduled by the COPRESET(s) with the higher layer signalled index(es).
· DCI design

As a baseline, the DCI formats in Rel-15 should be reused as much as possible to reduce the specification effort and avoid backward compatibility issue. In multi-PDCCH based transmission, each DCI is only used to schedule one PDSCH as in Rel-15, and there is no dependency between DCIs as agreed. Hence, there is no additional information field needed to be introduced to current DCI. DCI formats specified in Rel-15 (DCI format 1_0/1_1) can be reused without modification for supporting multiple-PDCCH based transmission.
Proposal 7: Rel-15 DCI formats are reused for multiple-PDCCH based transmission.
· PDSCH processing/receiving 
PDSCHs from different TRPs could be configured with different reference signal resource IDs for spatial Rx parameter (QCL-TypeD parameter). A UE with single panel is able to detect multiple simultaneous PDSCHs only when they have same Rx beam/QCL-TypeD assumption. Therefore, when different QCL-TypeD configurations are configured to the PDSCHs, the UE with single panel needs to know which QCL-TypeD assumption shall be used. Similar to the discussion in simultaneous transmission/reception topic in Rel-15, a priority can be defined for the simultaneously scheduled PDSCHs. The UE can adopt the TCI state and QCL-TypeD assumption of the PDSCH with higher priority to ensure the performance of high priority PDSCH. The priority can be defined based on the scheduling information of the PDSCHs, e.g. scheduling time, DCI format, carried information etc.  
Proposal 8: Specify reception priority rule for PDSCHs that are transmitted from multiple TRPs with different TCI states and are simultaneously scheduled. The use case is at least for a single panel UE.
2.2. Potential enhancement on UL control signaling

· ACK/NACK feedback

In Rel-15, the PRI indication is based on k1 with granularity of slot. For multiple TRP transmission, it was agreed that separate ACK/NACK feedback can be TDMed within a slot. Then how to determine the time domain resources within a slot for TDMed ACK/NACK feedback will be an issue. One solution is reusing the mechanism in URLLC to indicate k1 with granularity of sub-slot. However, the functionality and requirement of sub-slot is different for NC-JT and URLLC. For URLLC, as in one agreement made in RAN1#98 meeting shown below, one of multiple sub-slot configurations can be indicated to UE, which at least can be duration of “2-symbol*7” and “7-symbol*2”. For NC-JT, since only two TDMed PUCCH for two TRPs is supported, which can be two long PUCCHs, two short PUCCHs or long PUCCH+short PUCCHs. Then the design of URLLC with duration of “2-symbol*7” and “7-symbol*2” for sub-slot can’t support the agreed design in eMBB. For NC-JT, at most two sub-slots are needed for TDMed PUCCH within a slot and the duration should be more flexible, for example 2+2, 2+7, 4+4, etc. To support non-ideal backhaul, the duration of the two sub-slots can be configured by higher layer signaling, and respectively allocated to ACK/NACK transmission of different TRPs semi-statistically. UE can determine the sub-slot to transmit ACK/NACK based on the higher layer index configured for CORESET associated with the ACK/NACK feedback, e.g. 1st sub-slot for TRP with index=0, 2nd sub-slot for TRP with index=1. In this case, the indication mechanism of k1 and PRI in Rel-15 can be fully reused.
Agreements:

At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.

· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.

· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.

· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.

· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots

· FFS for other sub-slot configurations, if any.

· FFS: If a PUCCH resource across sub-slot boundary is supported.
Proposal 9: PDSCH to HARQ timing with granularity of sub-slot is not needed for eMBB.
Proposal 10: The time domain resources within a slot (e.g. subslot) for TDMed ACK/NACK transmission of different TRPs can be implicitly derived from the configured index of associated CORESET.
For non-ideal backhaul, only separate ACK/NACK feedback will be configured by gNB. To avoid resource collision between ACK/NACK feedbacks, a simple solution can be semi-static resource reservation to ensure TDMed PUCCH resources between different TRPs. However, the resource efficiency would be very low considering there can be dynamic switching between single and multiple TRP transmission. For example, it is difficult to pre-assign resources for each TRP with unexpected channel state for TRPs. Another solution is to use TDM as the primary approach for ACK/NACK resource allocation, while UE would drop one of the ACK/NACK feedbacks with lower priority based on some predefined priority rules when PUCCH resource collision happens. This solution would relax the requirement on TDMed PUCCH resources and improve the resource efficiency. The dropping rule can be based on the CORESET/DCI scheduling corresponding PDSCH, or associated PDSCH, or PUCCH resource, etc.
For non-ideal backhaul, there also can be collision between ACK/NACK and other types of CSI, or PUSCH. If they come from the same TRP, the multiplexing mechanism in Rel-15 can be reused. Otherwise, ACK/NACK should be transmitted with higher priority, and the UCI/PUSCH for another TRP should be dropped. 
Proposal 11: If separate ACK/NACK feedback is configured by gNB, a dropping rule is predefined to drop ACK/NACK with lower priority if separate ACK/NACK feedbacks are overlapped in time domain.

Proposal 12: For case of non-ideal backhaul (e.g. when separate ACK/NACK feedback is configured by gNB), if ACK/NACK feedback for one TRP overlaps with CSI report/PUSCH for another TRP in time domain, the CSI report/PUSCH is dropped.
· CSI feedback

To support DL non-coherent JT, CSI of multiple TRPs/panels should be reported to gNB. Similar to the method in LTE that multiple CSI processes are configured to support CoMP transmission, multiple CSI report configurations can be configured to UE each of which is associated with one TRP. The CSI report configuration for one TRP includes the RS transmitted from that TRP for CSI measurement. Each TRP can respectively trigger the CSI report in different resources for its PDSCH transmission. The beam report respective for each TRP can also be supported with this mechanism. Current CSI report mechanism is sufficient to support separate CSI reporting.

There is no merit to support joint CSI report. A CSI report payload for one TRP is usually large and if joint CSI report is used, larger CSI report payload size is expected. It is unnecessary to combine the CSI for different TRPs into one CSI report via single CSI report configuration. For multi-TRP with ideal backhaul, joint CSI reporting does not bring any benefits compared with separate CSI reporting but introduces additional specification effort and possible performance loss in CSI transmission due to larger payload size. For multi-TRP with non-ideal backhaul, joint CSI reporting does not work at all. Some company argued that joint CSI report is necessary for rank restriction because the sum of multiple reported ranks may exceed the maximal layer number supported by UE if separate CSI reporting is used. However, multi-TRP transmission is only beneficial for cell edge UEs, for which only low rank (e.g. rank 1/2) will be reported in each CSI reporting. Considering support of 4 layers transmission is mandatory at least in FR1, the case that reported ranks exceed the supported layer number is a very corner case. Even in this case, gNB can still schedule single TRP transmission, or use a smaller rank for one of the TRPs through scheduling implementation.

Proposal 13: Separate CSI reporting configurations/resources is used for different TRPs.

Proposal 14: No additional enhancement on CSI feedback is introduced in Rel-16 to support NC-JT.

3. Single PDCCH based multi-TRP/panel DL transmission
3.1. Enhancement on TCI state design
In Taipei AdHoc meeting, it was agreed to enhance the TCI code point to support indication of two TCI states. The current MAC CE to activate the TCI states can be extended to support activation of up to 8 TCI states/TCI state sets. The 3bits TCI field in Rel-15 DCI format can remain unchanged for backward compatibility.
Proposal 15: 3 bits TCI field is sufficient to support single PDCCH based multiple TRP/panel transmission.
In the RAN1#98 meeting, there was no consensus to support 1+3/3+1 layer combination, MU cases and two CWs in Rel-16. In this case, we only need to consider the layer combinations of 1+1, 1+2, 2+1 and 2+2 for DMRS table design. Current DMRS table specified in Rel-15 already supports 1+1, 2+1 and 2+2 combinations. Only layer combination of 1+2, e.g. port {0, 2, 3}, needs to be added to current table. Then it is not needed to introduce a new DMRS table in Rel-16. The Rel-15 DMRS table with some new entries to support layer combination of 1+2 is sufficient. 
Proposal 16: Reuse Rel-15 DMRS table with some new entries to support NC-JT.
When two TCI states and two CDM groups are indicated by DCI, the first TCI state will be applied to the first indicated CDM group, while the second TCI state applied to the second indicated CDM group. In current DMRS table, the indicated DMRS ports are ranked in order of small to large. Then it is straightforward that the 1st indicated CDM group is associated with the 1st indicated DMRS ports. For example, for DMRS port {a; b}, a presents the 1st CDM group, while b presents the 2nd CDM group.

Among multiple TRPs to transmit PDSCH to a UE, one of the TRPs may be blocked due to some reason, e.g. overshadowed by something. In this case, the gNB should only schedule PDSCH from the unblocked TRP to avoid unnecessary retransmission since data from different TRPs may share the same codeword. Then dynamic switching between DPS and NC-JT should be supported to guarantee that the PDSCH is always only transmitted from available TRP(s). Two methods can be considered to support the switching:
· Method 1: Up to N TCI state sets can be activated via MAC CE, where each TCI state set includes one or two TCI states. The dynamic switching can be achieved via DCI by indicating one of TCI state sets with one or two TCI states. 
· Method 2: Up to N TCI state sets can be activated via MAC CE, where each TCI state set includes two TCI states. The dynamic switching can be achieved via DCI by configuration of DMRS ports. That is, when DMRS ports from one CDM group are configured, the corresponding CDM group index can be used to select one TCI state from indicated two TCI states to support DPS. When multiple CDM groups are configured, both activated TCI states will be applied to support NC-JT.
In Method 1, more TCI state sets are needed to be activated via MAC CE, and 3 bits TCI field seems insufficient. For example, for a TCI state pair {TCI0, TCI1}, three TCI state sets, {TCI0}, {TCI1}, {TCI0, TCI1}, are needed for Method 1, while one set {TCI0, TCI1} is sufficient for Method 2. Typically, method 1 needs 2 more DCI bits than Method 2 to support the same number of activated TCI states for dynamic switching between DPS and NC-JT. It is preferred to support Method 2 for dynamic switching between DPS and NC-JT, with the same size of TCI field as in Rel-15.
Proposal 17: To support dynamic switching between DPS and NC-JT, the UE can be indicted with two TCI states and one or multiple DMRS CDM groups:

· If one CDM group is indicated in DCI, the UE applies one of the TCI states according to the indicated CDM group index;

· If multiple CDM groups are indicated in DCI, the UE applies both TCI states.
Proposal 18: When 2 TCI states are activated within a TCI code point and two CDM groups are configured, the kth TCI state corresponds to kth configured CDM group, where the 1st indicated DMRS port corresponds to 1st configured CDM group.
3.2. Potential enhancement on reference signal
Based on current agreement, TCI state is directly associated with CDM group(s). The necessity to additionally introduce DMRS port groups as discussed in Rel-15 is diminished. However, multiple PTRS ports are still needed for phase tracking of different TRPs/panels in FR2. Since one TCI state corresponds to one or two CDM groups from one TRP/panel, the same number of PTRS ports as the number of TCI states in one TCI code point can be configured for DL transmission where one PTRS port corresponds to one TCI state. Then each PTRS port can be associated with the DMRS ports corresponding to one TCI state. If multiple panels can share the same PTRS port, one PTRS port can also be sufficient even when two TCI states are indicated. In this case, the PTRS port should be associated with all the configured DMRS ports and all the TCI states. If multiple TRP transmission in FR2 is down-scoped in Rel-16, this issue can be further solved in Rel-17.
Proposal 19: Up to two DL PTRS ports can be configured and are associated with indicated TCI states.
4. Reliability/robustness enhancement for URLLC
4.1. Repetition number indication for PDSCH scheme 3/4
After the email discussion following RAN1#98 meeting, there are three options for indicating the repetition number of scheme 3, and two options for indicating the number of scheme 4. For scheme 3, the repetition can be dynamically indicated via DCI or implicitly determined by the number of indicated TCI states. The difference is that for option 2 only one repetition is allowed for each TRP, while multiple repetitions can be configured for each TRP with option 1. However, for one TRP, multiple repetitions within one slot can’t bring any benefits but suffer from higher and unnecessary DMRS overhead. In Figure.1, we evaluate the performance with one and two repetitions for one TRP, while the PDSCH duration is 6x1 for one repetition and 3x2 for two repetitions. The coding rate of each of the two repetitions is about 2.2 times of that of one repetition considering DMRS overhead. Other evaluation assumption can be found in Appendix. From the results, significant performance loss can be found for case of two repetitions due to higher DMRS overhead. Therefore, it is not needed to support repetition within slot for one TRP. Option 2 should be applied for scheme 3 without any impact to signalling design.
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Figure 1: The performance of one/two repetitions for one TRP

For scheme 4, to minimize the specification effort and simplify the transmission scheme, the signalling design in Rel-15 to support slot aggregation can be a starting point. Compared with slot aggregation in Rel-15, where the repetition number is configured by higher layer, no additional requirement on flexibility is introduced for multiple TRP transmission. The repetition number of scheme 4 can also be configured by higher layer, e.g. reusing the Rel-15 parameter or introducing a new RRC parameter. 

It should be noticed that for both scheme 3 and scheme 4, if single TCI state is indicated by DCI, the UE behaviour will fall back to the UE behaviour in Rel-15.
Proposal 20: For scheme 3, option 2 (implicitly determined by the number of TCI states) is adopted to determine repetition number.
Proposal 21: For scheme 4, the number of repetitions is indicated via higher layer as in Rel-15 (Option 2).

4.2. Resource allocation for PDSCH scheme 3/4
It is also proposed by some company to introduce a gap between repetitions from different TRPs for scheme 3 and 4. The gap can be used to change beams or timing for detection of PDSCHs from different TRPs. However, it is concluded in Rel-15 that no gap is needed for Rx beam switching, e.g. for CSI-RS resources with repetition set to ON. Also, considering UEs scheduled with multiple TRP transmission are usually cell edge UEs, the timing difference between UE and different TRPs would be very small. Gap between repetitions is not justified for scheme 3 and 4.
Proposal 22: Do not introduce gap between mini-slot/slot groups for PDSCH repetition.
In Rel-15, the UL-DL slot format can be configured by RRC or DCI format 2-1, and a symbol can be configured for UL or DL transmission dynamically. If the physical resource for the first repetition and duration of each repetition can be indicated by gNB via DL grant as proposed, gNB can easily avoid the case of repetition in a UL symbol even when the slot format is indicated by DCI format 2-1. Hence, how to avoid the collision case can be left to gNB implementation. 
Proposal 23: UE is not expected to be configured with a PDSCH repetition in an uplink symbol.
4.3. TCI states and RV allocation for PDSCH scheme 3/4
For scheme 1 and 2, the number of repetitions can be simply equal to the number of TCI states for TRP based diversity. For scheme 3 and 4, this restriction is not needed since up to 8 slots can be supported for slot aggregation in Rel-15, which would be larger than the number of TCI states. Additional specification is needed to specify the mapping relationship between TCI states and repetitions. When two TCI states and more than two repetitions are configured, each TCI state can be applied to consecutive or intereaved repetitions. Consecutive repetitions associated with one TCI state (e.g. examples of a) and b) shown in Figure 2) are beneficial to avoid Rx beam switching in each repetition. For case of 8 repetitions, secondary option can be considered is changing TCI state every two repetitions as trade-off between beam switching and diversity gain, as shown in c) of Figure 2. 
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Figure 2: Example of mapping TCI states to repetitoins
Proposal 24: For mapping between TCI sates and repetitions when 2 TCI states are indicated:
· If two repetitions are configured, each TCI state corresponds to one repetition.
· If four repetitions are configured, the first two repetitions correspond to the first TCI state, while the second two repetitions correspond to the second TCI state.
In Rel-15 slot aggregation with single TCI state, the RV sequence is derived from the RV ID indicated by DL grant with a cycle shift between different sequences as shown in Table 1. For scheme 3/4, this mechanism can be reused to reduce specification effort. When two TCI states and multiple repetitions are configured, the RV sequence of different repetitions can also be derived from the RV ID in DCI, with a different table from that for single TRP in Rel-15. The design of table should take TCI state allocation among repetitions into count, e.g., the same sequence can be applied to repetitions with different TCI states which are from different TRPs. 
Table 1: the RV sequence for slot aggregation in Rel-15
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3


Proposal 25: The RV sequence for multiple repetitions depends on the number of TCI states indicated in DCI
· If one TCI state is indicated, scheme 3 falls back to Rel-15 transmission without repetition, while scheme 4 falls back to Rel-15 slot aggregation.
· If two TCI states are indicated, the RV sequence is derived from the RV indication in DCI with a different mapping table between RV ID and RV sequence from Rel-15.
4.4. Configuration of different schemes
Based on current agreements, five different schemes (1a/2a/2b/3/4) are supported for URLLC enhancement. How to configure the transmission scheme according to the latency/reliability requirement and channel state is still an open issue. In principle, the overhead especially the impact on DCI signalling of configuration signalling design for configuring URLLC enhancement scheme should be minimized. The current signalling specified in Rel-15 should be reused as much as possible.
In our view, RAN1 shall consider the following methods for configuring multi-TRP based URLLC schemes. For detailed discussion and analysis, please see our companion contribution [3]. 

· To differentiate SDM (scheme 1a) and TDM (scheme 3,4)/FDM (scheme 2a/2b), the number of CDM group(s) indicated in the DCI is used.

· To differentiate TDM and FDM, consider Alt1-1: using higher layer signalling or Alt1-2: reusing unused bits or unused state of DCI field, for example reusing the NDI field of disabled TB.
· To differentiate scheme 2a and 2b: consider using higher layer signalling or reusing the current DCI bits/states, for example re-using the NDI field of disabled TB(if it is not used to indicate TDM and FDM). 

· To differentiate scheme 3 and 4: reuse the RRC signalling configured to indicate the repetition/slot number of scheme 4 as proposed in Proposal 21.
To be specific, Table 2 and Table 3 provide two alternatives to configure those 5 different URLLC schemes. 
Table 2: Example 1 for configuration of URLLC schemes
	Case
	No. of TCI states
	No. of indicated CDM group
	NDI for disabled TB
	RRC parameter indicating repetition/slot number of scheme 4
	RRC parameter indicating FDM scheme
	URLLC scheme

	1
	1
	1/2/3
	-
	-
	-
	Rel-15 (single TRP)

	2
	2
	2
	-
	-
	-
	1a

	3
	2
	1
	0
	-
	0
	2a

	4
	2
	1
	
	
	1
	2b

	5
	2
	1
	1
	1
	-
	3

	6
	2
	1
	
	2/4/8
	-
	4


Table 3: Example 2 for configuration of URLLC schemes
	Case
	No. of TCI states
	No. of indicated CDM group
	RRC parameter indicating TDM/FDM
	RRC parameter indicating repetition/slot number of scheme 4
	NDI for disabled TB
	URLLC scheme

	1
	1
	1/2/3
	-
	-
	-
	Rel-15 (single TRP)

	2
	2
	2
	-
	-
	-
	1a

	3
	2
	1
	0
	-
	0
	2a

	4
	2
	1
	
	
	1
	2b

	5
	2
	1
	1
	1
	-
	3

	6
	2
	1
	
	2/4/8
	-
	4


Proposal 26: SDM and TDM/FDM is differentiated via the number of indicated CDM groups.
Proposal 27: Indication between TDM (scheme 3/4) and FDM (scheme 2a/2b) via reusing reversed DCI field/states or higher layer signaling.

Proposal 28: Indication between scheme 2a and scheme 2b via reusing reversed DCI field/states or higher layer signaling.
Proposal 29: Reusing the RRC parameter indicating repetition number of scheme 4 to differentiate scheme 3 and scheme 4.
5. Conclusion

In this contribution, we discuss the potential enhancements to support non-coherent joint transmission and URLLC. The proposals are summarized below:
Proposal 1: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped, or only one BWP indicator is effective.
Proposal 2: The candidate values of higher layer parameter HigherLayerIndexPerCORESET only include {0,1}.
Proposal 3: If higher layer index is not configured for any CORESET, or the same index is configured for all configured CORESETs

· UE behavior will follow that of Rel-15.
· UE is not expected to be configured with multiple dataScramblingIdentityPDSCH.
· UE is not expected to be configured with multiple CRS patterns for different TRPs.
Proposal 4: UE is not expected to be configured with higher layer index only for part of configured CORESETs.
Proposal 5: Support mechanisms to reduce the number of blind detection for multiple PDCCH-based multi-TRP transmission. 
· On example is to restrict the aggregation level/DCI format in search spaces associated with CORESET(s) with the higher layer index equal to a predefined value.

Proposal 6: For rate matching of CRS, each CRS pattern is associated with at least one higher layer signaled index and adopted to PDSCHs scheduled by the COPRESET(s) with the higher layer signaled index(es).
Proposal 7: Rel-15 DCI format is reused for multiple-PDCCH based transmission.
Proposal 8: Specify reception priority rule for PDSCHs that are transmitted from multiple TRPs with different TCI states and are simultaneously scheduled. The use case is at least for a single panel UE.
Proposal 9: PDSCH to HARQ timing with granularity of sub-slot is not needed for eMBB.

Proposal 10: The time domain resources within a slot (e.g. sub-slot) for TDMed ACK/NACK transmission of different TRPs can be implicitly derived from the configured index of associated CORESET.
Proposal 11: If separate ACK/NACK feedback is configured by gNB, a dropping rule is predefined to drop ACK/NACK with lower priority if separate ACK/NACK feedbacks are overlapped in time domain.

Proposal 12: For case of non-ideal backhaul (e.g. when separate ACK/NACK feedback is configured by gNB), if ACK/NACK feedback for one TRP overlaps with CSI report/PUSCH for another TRP in time domain, the CSI report/PUSCH is dropped.
Proposal 13: Separate CSI reporting configurations/resources is used for different TRPs.

Proposal 14: No additional enhancement on CSI feedback is introduced in Rel-16 to support NC-JT.

Proposal 15: 3 bits TCI field is sufficient to support single PDCCH based multiple TRP/panel transmission.
Proposal 16: Reuse Rel-15 DMRS table with some new entries to support NC-JT.
Proposal 17: To support dynamic switching between DPS and NC-JT, the UE can be indicted with two TCI states and one or multiple DMRS CDM groups:

· If one CDM group is indicated in DCI, the UE applies one of the TCI states according to the indicated CDM group index;

· If multiple CDM groups are indicated in DCI, the UE applies both TCI states.
Proposal 18: When 2 TCI states are activated within a TCI code point and two CDM groups are configured, the kth TCI state corresponds to kth configured CDM group, where the 1st indicated DMRS port corresponds to 1st configured CDM group.

Proposal 19: Up to two DL PTRS ports can be configured and are associated with indicated TCI states.
Proposal 20: For scheme 3, option 2 (implicitly determined by the number of TCI states) is adopted to determine repetition number.

Proposal 21: For scheme 4, the number of repetitions is indicated via higher layer as in Rel-15 (Option 2).
Proposal 22: Do not introduce gap between mini-slot/slot groups for PDSCH repetition.
Proposal 23: UE is not expected to be configured with a PDSCH repetition in an uplink symbol.
Proposal 24: For mapping between TCI sates and repetitions when 2 TCI states are indicated:

· If two repetitions are configured, each TCI state corresponds to one repetition.
· If four repetitions are configured, the first two repetitions correspond to the first TCI state, while the second two repetitions correspond to the second TCI state.
Proposal 25: The RV sequence for multiple repetitions depends on the number of TCI states indicated in DCI

· -
If one TCI state is indicated, scheme 3 falls back to Rel-15 transmission without repetition, while scheme 4 falls back to Rel-15 slot aggregation.

· -
If two TCI states are indicated, the RV sequence is derived from the RV indication in DCI with a different mapping table between RV ID and RV sequence from Rel-15.
Proposal 26: SDM and TDM/FDM is differentiated via the number of indicated CDM groups.

Proposal 27: Indication between TDM (scheme 3/4) and FDM (scheme 2a/2b) via reusing reversed DCI field/states or higher layer signaling.

Proposal 28: Indication between scheme 2a and scheme 2b via reusing reversed DCI field/states or higher layer signaling.
Proposal 29: Reusing the RRC parameter indicating repetition number of scheme 4 to differentiate scheme 3 and scheme 4.
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7. Appendix

Table 4: Evaluation assumptions for LLS for URLLC

	Number of TRPs
	2

	The number of PRBs
	8

	Carrier Frequency
	4GHz

	Numerology (data part)
	15kHz

	Target coding rates
	MCS6~=0.12 and MCS10~=0.3 in MCS Table 5.1.3.1-3 for 6 symbols PDSCH

~2.2 times of the target coding rate for 3 symbols PDSCH.

	Number of Tx/Rx ports
	2T2R

	The number of layers
	1

	LLS models
	TDL-C,100ns

	DMRS configuration
	single symbol front loaded Type 1 DMRS without additional DMRS, 3 dB power boosting

	PDSCH symbols
	6x1 or 3x2

	UE speed
	3km/h

	PRG size
	2
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