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Introduction
In RAN1#95 meeting, both single PDCCH and multiple PDCCH designs were agreed as follows [1]
Agreement#1:
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB

In order to facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified via email discussion as follows:
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
·  Scheme 1a: 
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15.
·  Scheme 1b:
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
· FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 1c:
· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation 
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a:
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation.
· Scheme 2b:
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed.
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot.
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s). 
· RV/TCI state can be same or different among transmission occasions.
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots.
· Each transmission occasion of the TB has one TCI and one RV. 
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s)
· RV/TCI state can be same or different among transmission occasions.
· FFS channel estimation interpolation across slots with the same TCI index
· Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed
In this contribution, we provide our views for default QCL assumption with multiple-TRP/panel transmission for both eMBB and URLLC considering both single PDCCH and multiple PDCCH. We also provide our views on beam measurement BFR for multi-TRP/panel transmission and TA for multi-TRP transmission
Discussion
For default QCL assumption with multiple-TRP transmission
In Rel-15 for PDSCH transmission, default QCL assumptions are used for the following two cases: 
Case 1: When tci-PresentInDCI is set to 'enabled' or tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the COREST associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Case 2: If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission. 
If only single TRP transmission is supported, one TCI state can be used for both PDCCH and PDSCH.. However, multi-TRP/panel transmission is supported in Rel-16 wherein multiple TCI states, DMRS groups, PDCCH and PDSCH will be adopted. Then there may be some issues if we completely reuse Rel-15 mechanism. In the following sections, we analyse the potential issues of the default QCL assumptions in the case of multi-TRP/panel transmission for both eMBB and URLLC. 
For single PDCCH design 
For multi-TRP transmission based on single PDCCH design, indication of two TCI states for one PDSCH has been supported. However, the CORESET (including CORESET with DCI scheduling the PDSCH in above Case 2 and CORESET with lowest CORESET-ID in Case 1) is only transmitted by one TRP, i.e. configured with one active TCI state, which is less than the number of DMRS groups of PDSCH as shown in Figure 1. The QCL assumption of DMRS group 1 can still follow the QCL assumption of the CORESET. However, there is no QCL source for the DMRS group 2 of PDSCH.
One solution is to allow the configuration of two TCI states for the CORESET. Then the two TCI states are used for the two DMRS groups of PDSCH respectively if the offset between the DL DCI and the PDSCH is less than the threshold, i.e. in Case1 or if tci-PresentInDCI is not configured or the PDSCH is scheduled by a DCI format 1_0 , i.e. in Case 2. Based on this solution, only the first TCI state configured for the CORESET is eventually used for the reception of the DCI since only one DMRS port is supported for PDCCH. In other words, the second TCI state configured for the CORESET not used for the PDCCH reception. 


Figure1 CORESET with one TRP transmission and the PDSCH with two TRPs transmission
Another solution is to allow configuration of two TCI states for the reception of the PDCCH while it also will improve the reliability of PDCCH as shown in Figure 2.One DCI in the CORESET are transmitted by two TRPs applying two TCI states and two DMRS groups of PDSCH are also transmitted by the two TRPs. The corresponding relationship between two QCL-RS sets configured for the CORESET and the two DMRS groups of PDSCH should be established. 
[image: ]
Figure 2 Two TCI states for CORESET and PDSCH with two DMRS groups
However, in the case when one DCI in the CORESET are transmitted by two TRPs, i.e. configured with two TCI states and there is only one DMRS group of PDSCH transmitted by single TRP as shown in Figure 3, it should be clarified which TCI state configured for the CORESET is the default QCL assumption of the PDSCH.
Proposal 1: The default QCL assumption should be enhanced in the single PDCCH design considering in the case when the number of TCI states for CORESET is mismatched with the number of DMRS port groups of scheduling PDSCH or the number of TCI states of the CORESET is larger than one. 
Proposal 2: Support configuration of two TCI states for one CORESET to support default QCL assumption for multi-TRP.
[image: ]                                                     
Figure3 One DCI with two TCI states and PDSCH with one DMRS group.  
For multiple PDCCHs design
For multiple PDCCHs design, there is no ideal backhaul between two coordinated TRPs in typical multiple PDCCH design scenario. In this case, two independent PDCCHs are supported and each PDCCH schedules one PDSCH. The following scenario as shown in Figure 4 may have some issues on the default QCL assumption wherein each DCI and corresponding PDSCH are transmitted from the same TRP. This kind of transmission is the typical scenario for the multiple PDCCH design. The QCL assumptions of the first and the second PDSCH can follow the TCI of respective DCI in above Case 2, i.e when tci-PresentInDCI is not configured or the PDSCH is scheduled by a DCI format 1_0. However, for the Case 1, i.e. when the offset between the DL DCI and the PDSCH is less than the threshold, only one of the two PDSCHs can take the lowest CORESET ID as the source of the default QCL assumption since the lowest CORESET ID is only transmitted from one TRP. It is obvious that the PDSCH and the CORESET with lowest CORESET-ID should be from the same TRP. Therefore, two CORESET groups should be set and each group is corresponding to one TRP respectively. The QCL assumption of each PDSCH should be inferred from the lowest CORESET-ID within corresponding CORESET group. 


Figure 4 Different DCI transmitted by different TRP
Proposal 3: The QCL assumption of each PDSCH should be inferred from the lowest CORESET-ID within the CORESET group when the offset between the DL DCI and the PDSCH is less than the threshold. 
For URLLC 
As low latency is the main requirement for URLLC traffic, the use case of offset between the DCI and the corresponding PDSCH less than the threshold is very important. Consequently, more attention should be paid on the default QCL assumptions to URLLC traffic. 
In addition, a small scheduling time unit, e.g. 2 symbol scheduling is usually used for URLLC traffic in order to get low latency. To get the higher reliability, scheme 3 described in section 1 should be supported. In other words, repetition is supported among these multiple PDSCHs with the small unit in one slot. The reliability of PDSCH of URLLC can be enhanced using different TCI to those PDSCHs where the TB is repeated across those small scheduling time units as shown in Figure 5. Based on multiple TCI, beam diversity gain can be achieved and it is very useful in channel blockage scenarios.
[image: ]
Figure 5 Multiple PDSCH repetition with different TCI
However, when the timing offsets between those DL DCIs and the corresponding PDSCHs are smaller than the threshold, the QCL assumptions of all those PDSCHs should follow the same default QCL assumption of lowest CORESET ID in latest slot, i.e. slot n according to Rel-15 specification as described in above Case 1. In other words, beam diversity gain for URLL traffic cannot be achieved based on the Rel-15 default beam mechanism.    
The straightforward solution is to allow multiple default QCL assumptions for multiple PDSCHs within one slot. For example, if the offset between the reception of the DL DCI and the corresponding PDSCHs is less than the threshold, the lowest CORESET-ID in the latest small time unit instead of the latest slot is as the QCL reference source. As shown in Figure 5, the QCL assumption of the PDSCH in blue color should follow the TCI of lowest CORESET ID in latest time unit which is not later than the time unit 0. Likewise, the QCL assumption of the PDSCH in yellow color should follow the TCI of lowest CORESET ID in latest time unit which is not later than the time unit 1. If there are two CORESETs with different TCI in time unit 0 and unit 1, the beam diversity gain can still be achieved. 
Proposal 4: For URLLC, allow multiple default QCL assumptions for multiple PDSCHs with repetition within one slot if the timing offset between DL DCI and those multiple PDSCHs is smaller than the threshold.  
Multi-beam measurement in multi-TRP case
Consideration on constraints of TRP antenna panels should be taken for selecting Tx beam(s) for downlink, like the maximum number of SRS resource sets that can be configured for UL beam management in NR Rel-15. For instance, Tx beams generated from one Tx panel cannot be transmitted simultaneously. Therefore, enhanced signaling or configuration would allow gNB to inform this kind of information of UE for beam reporting. 
· For one TRP, there may have more than one TRP antenna group (i.e., multiple Tx panels), but these multiple panels often share the same boresight and similar large-scale channel properties. If beam management is done for each individual panel, the overheads of beam measurement and reporting per each TRP antenna group (i.e, per each Tx panel) is very high and NOT necessary. Therefore, in general, these TRP antenna groups from one same TRP can be virtualized as one group e.g. represented by one resource set, in which no more than N beams can be simultaneously transmitted, where N depends on gNB capability. Furthermore, in multi-TRP case, gNB can configure multiple groups, respectively, each of which is associated with one TRP.
· When a UE selects beams for simultaneous receiving in group based beam reporting, the selection rules should follow the constraint that the number of these beams (to be reported for simultaneous receiving) from the same gNB antenna groups can NOT be more than N. 
Proposal 5: Support indication of simultaneous transmission capability from gNB for multi-TRP.  
Beam failure recovery enhancement for Multi-TRP transmission
In multiple PDCCH design especially for two TRPs without ideal backhaul, separation of configurations such as PDSCH configuration, PDCCH configuration, beam/CSI/ACK measurement and feedback for the two TRPs seems straightforward to be supported. In order to keep good beam connection from UE to both TRPs, two beam failure recovery procedures in one BWP corresponding to two TRPs should be considered especially when there isn’t ideal backhaul between the two TRPs. 
As shown in Figure 6-a~Figure 6-b, TRP0 is associated with one beam failure recovery procedure with parameters (q0_0, q1_0 and PRACH-BFR_0) and TRP1 is associated with the other beam failure recovery procedure with parameters (q0_1, q1_1 and PRACH-BFR_1). The UE will initiate the beam recovery request as long as either the radio link quality q0_0 or q0_1 is below the threshold. Based on the support of the two independent BFR, beam failure can be recovered quickly for each link and transmission latency can be reduced. And hence, it guarantees two TRPs both always work especially in high frequency bands. 


     
 (a) Each PRACH-BFR resources to each TRP   (b) Two PRACH-BFR resources to one TRP
Figure 6 Two BFR procedures for multi-TRP transmission
Proposal 6: Two beam failure recovery procedures should be supported and each procedure is associated with one TRP.
 TA for Multi-TRP transmission
[bookmark: _GoBack]Since locations of the two coordinated TRPs are different, TA and QCL assumptions corresponding to the two TRPs may be different. The accuracy of TA can be improved if different TA configurations are supported for different TRPs. For multi-TRP transmission with multiple PDCCH design, each TA should refer to the respective TRS/SSB from the corresponding TRP. The UL transmission for one TRP should use the respective TA. Therefore, the CORESET group should be associated with TRS/SSB for the same TRP. As shown in Figure 7, the UL signal scheduled by a DCI from a CORESET group should use the TA which is relative to the down link time based on the associated TRS/SSB.


Figure 7: UL signals to two TRPs with different TAs 
Proposal 7: Support multiple TAs for UL signals to different TRPs

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance the default QCL assumption and BFR with multi-TRP/panel transmission. There are following observations and proposals.
Proposal 1: The default QCL assumption should be enhanced in the single PDCCH design considering in the case when the number of TCI states for CORESET is mismatched with the number of DMRS port groups of scheduling PDSCH or the number of TCI states for CORESET is larger than one. 
Proposal 2: Support configuration of two TCI states for one CORESET to support default QCL assumption for multi-TRP. 
Proposal 3: The QCL assumption of each PDSCH should be inferred from the lowest CORESET-ID within the CORESET group when the offset between the DL DCI and the PDSCH is less than the threshold. 
Proposal 4: For URLLC, allow multiple default QCL assumptions for multiple PDSCHs with repetition within one slot if the timing offset between DL DCI and those multiple PDSCHs is smaller than the threshold. 
Proposal 5: Support indication of simultaneous transmission capability from gNB for multi-TRP. 
Proposal 6: Two beam failure recovery procedures should be supported and each procedure is associated with one TRP.
Proposal 7: Support multiple TAs for UL signals to different TRPs.
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