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1. Introduction
Several agreements were made in the preceding meetings that are relevant to multi-TRP transmission. We list the important ones below. The following agreement was made for multi-TRP transmission in RAN1 #88bis [1].
Agreements:
· Support NR reception of at least one but no more than two of the following 

· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

· In case of multiple NR-PDCCH, consider the following for the reduction of UE PDCCH detection complexity. 

· Note the following may or may not have RAN1 specification impact. 

· Note that different NR-PDSCH data layers from single TRP is special case.

· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs

· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling

· Other techniques can be considered. 

Agreements:
· Confirm the following working assumption as an agreement:
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers

· DMRS port groups belonging to one CW can have different QCL assumptions

· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW

The following agreement was made for multi-TRP transmission in RAN1 #89 [2].

Agreements:

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

The following agreement was made for multi-TRP transmission in RAN1 NR-AH #2 [3].
Agreement: For >4-layer transmission, each of the two CWs is mapped to at most 4 layers

Agreements:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

Agreements:

· For QCL, NR supports:

· At least one or two DM-RS antenna port groups per PDSCH 

· FFS other number of groups

· QCL assumption across carriers and bandwidth parts for DL

· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability

· FFS whether or not to have UE assisted management

The following agreement was made for multi-TRP transmission in RAN1 #90 [4].

Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

Agreements:
· Working assumptions are confirmed with the following details.

· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.

· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.

· FFS: CORESET(s) configured by non UE-specific signaling.

· FFS: UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.

· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
In this contribution, we discuss various remaining details related to multi-TRP transmission and make some proposals.
2. Discussion
According to the agreements, in one of the techniques for multi-TRP transmission, a single NR-PDCCH schedules a single NR-PDSCH where separate layers are transmitted from the different TRPs. The number of layers that a UE can receive depends on its capability. This capability cannot be exceeded even in the case of multi-TRP transmission. Therefore, for successful reception of the NR-PDSCH the total number of layers transmitted must not exceed the UE capability. Rather than allowing each TRP to transmit independently with the risk that the total number of layers exceeds the UE capability, it would be more appropriate to avoid this through coordination between TRPs. Multi-TRP transmission scheduled by a single NR-PDCCH would already require coordination among the TRPs for transmission of the NR-PDSCH, including splitting the data codeword among the participating TRPs. Therefore, it is reasonable to assume that the TRPs can also coordinate with respect to number of layers transmitted by each TRP such that the total number does not exceed the UE capability. 
Proposal 1: Coordination between TRPs ensures that the total number of layers does not exceed the UE capability.

It has been observed that the transmission of separate layers from different TRPs can be supported through multiple DMRS port groups, where the port group associated with each TRP is assumed to be QCL. This, however requires the QCL indication of the different port groups. According to the current agreements, at least one or two DMRS port groups are supported for each NR-PDSCH and the support of a higher number of port groups is FFS. To limit the signaling complexity, however, it is desirable to restrict the number of QCL’ed port groups associated with a single NR-PDSCH transmission from multiple TRPs. As in the case of separate NR-PDSCH transmissions from different TRPs, it is reasonable to expect that there is not substantially more benefit to supporting transmissions from more than 2 TRPs. Furthermore, if the maximum number of layers that the UE is capable of receiving is Lmax, these layers can be equally divided between the two TRPs for easy coordination to ensure that the total number of layers transmitted does not exceed Lmax.
Proposal 2: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from multiple TRPs, simultaneous transmission from a maximum of 2 QCL’ed DMRS port groups is supported.
Proposal 3: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, the maximum number of ports used for transmission from a TRP is Lmax/2 where Lmax is the maximum number of layers supported.
Although the maximum number of layers transmitted by each TRP may be Lmax/2, the actual number of layers that each TRP can transmit depends on other factors such as the rank of the channel between the TRP and the UE, whether the TRP is engaged in an MU-MIMO transmission, or the number of antennas at that TRP. Therefore, it is useful to allow different numbers of layers to be transmitted from the different TRPs in a multi-TRP transmission. The multiple layers transmitted from each TRP correspond to a DMRS port group. Therefore, the preceding capability implies that for the same total number of layers transmitted, more than one port grouping would need to be supported. For example, transmission of 6 layers would be possible, for example with the port groupings (3,3) and (4,2). Without this flexibility, a TRP may be constrained to transmit fewer layers than it is capable of transmitting and the UE is capable of receiving, which is restrictive and reduces spectral efficiency. Note that each TRP would still be mapped to one of the allowable port groups. To limit signaling complexity, however, it may be desirable to restrict the the number of different port groupings that can be mapped to a TRP for the same total number of ports.
Proposal 4: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, allow more than one size for the DMRS port group indicated for each TRP for a given total number of ports.
According to previous agreements, the number of codewords transmitted is one when the total number of layers does not exceed 4. This also carries over for multi-TRP transmission. However, transmitting a single codeword with different layers from different TRPs may require backhaul with very low latency. To support more practical scenarios, it would be useful to allow each TRP to transmit a separate codeword even when the total number of layers is 3 or 4. Furthermore, the link quality between the UE and each TRP may be different. With link adaptation, the MCS used for each link can be optimized. In the absence of such link adaptation, the stronger link would be forced to use the MCS corresponding to the weaker link. Therefore, allowing the MCS used for the transmission from each TRP to be different can increase spectral efficiency even though there would be some increase in control overhead for signaling. Transmission of a separate codeword from each TRP makes the codeword-to-layer mapping straightforward even when the MCS is different for the layers from each TRP.
Proposal 5: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, consider supporting the following.

· Layers from each TRP are mapped to a separate codeword even when the total number of layers ≤4.
· The MCS associated for the transmission from each TRP can be different.

For transmission of different layers from two TRPs, the resource allocation can follow one of the following three options:
Option 1: The resources used for transmission from the two TRPs are completely overlapping.

Option 2: The resources used for transmission from the two TRPs are partially overlapping.

Option 3: The resources used for transmission from the two TRPs are non-overlapping.

Option 1 is the easiest to support. The transmissions from the two TRPs mutually interfere and the CSI feedback can take that into account. Furthermore, a single resource allocation needs to be signaled for the transmission. In Option 3, while there is no mutual interference between the two transmissions, the CSI feedback can take into account other interference. However, since the transmissions occupy different resources, indication of the resource allocation entails a larger signaling overhead. Interference calculation for Option 2 for CSI feedback may be more complicated, while the signaling overhead for resource allocation is again higher, as for Option 3. While Options 2 and 3 offer more scheduling flexibility than Option 1, this flexibility may not be worth the additional cost.
Proposal 6: For a single NR-PDCCH scheduling a single NR-PDSCH from two TRPs, resources used for transmission in a single BWP from the two TRPs are completely overlapping.
Currently there is a working assumption for the case of multi-TRP transmission where multiple NR-PDCCH separately schedule respective NR-PDSCHs. According to this working assumption, at most two codewords are used for transmission. This supports the case where each of the two TRPs transmits a separate codeword with at most 4 layers. In our view, this covers most practical scenarios that would need to be supported. Therefore, we support this working assumption.
Proposal 7: Confirm the working assumption that for the case of multiple NR-PDCCHs from separate TRPs scheduling respective NR-PDSCHs, at most two codewords are used.
The UE monitors the NR-PDCCH within the configured CORESETs. Per the agreements, multiple search spaces are allowed to be within the same CORESET. In the case of multi-TRP transmission in which each TRP transmits a separate NR-PDCCH scheduling a respective NR-PDSCH, both the NR-PDCCHs can either be within the same CORESET or a separate CORESET can be configured for each TRP. The case of a common CORESET for both TRPs can be restrictive. First, the CORESET must be configured to be large enough to allow transmission of two NR-PDCCHs corresponding to the worst coverage conditions. Second, if the same CORESET is also configured for other UEs, sharing of the CORESET for transmission of multiple NR-PDCCHs to the same UE may result in PDCCH blocking. On the other hand, allowing the CORESETs for the two TRPs to be separately configured provides more flexibility for NR-PDCCH transmission and avoids the problems noted above. It can be noted that more than one CORESET can be configured for the same UE according to the current agreements. Therefore, configuration of a multiple CORESETs of the same size, one corresponding to each TRP, should not be precluded.
Proposal 8: A separate CORESET can be configured for the NR-PDCCH from each TRP for a UE receiving multi-TRP transmission.

The UE transmits 1 bit of HARQ feedback for each transmitted codeword. In the case of multi-TRP transmission where a single NR-PDSCH is transmitted from multiple TRPs, two codewords may be transmitted, one from each TRP. Both codewords, however, are scheduled by a single NR-PDCCH from one TRP, which may be the serving TRP. Furthermore, a retransmission in case of a NACK would again be scheduled by the same TRP. Therefore, it would be advantageous for a single PUCCH carrying the ACK/NACK(s) to be sent to the scheduling TRP regardless of the number of codewords. On the other hand, in the case of multi-TRP transmission where multiple NR-PDCCHs separately schedule respective NR-PDSCHs, one codeword is transmitted by each of the two TRPs. Here two alternatives are possible:

Alternative 1: The ACK/NACK for each codeword is mapped to a separate PUCCH and sent to the TRP scheduling the corresponding PDSCH.

Alternative 2: The ACK/NACKs for both codewords are mapped to a single PUCCH, which is transmitted to one of the two TRPs.

Alternative 1 requires two PUCCH transmissions to different TRPs, for which separate uplink resources are consumed. Furthermore, there is also the need to multiplex the transmissions to the two TRPs, e.g., in the time domain. In the case of separate NR-PDSCH transmissions from two TRPs, however, the ACK/NACK for each NR-PDSCH can be directly received by the sending TRP. Alternative 2 requires a single PUCCH transmission containing the ACK/NACKs for both NR-PDSCHs sent to a single TRP. If the ACK/NACK feedback corresponding to the NR-PDSCH from one TRP is sent to the TRP, this alternative would then require forwarding of the ACK/NACK. Therefore, alternative 2 requires cooperation for HARQ similar to cooperation for initial transmission. Considering the disadvantages of Alternative 1, however, Alternative 2 is preferable.
Proposal 9: The ACK/NACKs for all transmitted codewords in a multi-TRP transmission are mapped to a single PUCCH, which is transmitted by the UE to a single TRP.
According to the previous agreements, in the case of one bandwidth part for the component carrier, the maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2; and the maximum supported number for NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2. For multiple bandwidth parts for the component carrier, the maximum number of NR-PDCCHs/PDSCHs for the carrier should be further investigated. In order to improve the data channel capacity, each BWP of one TRP should have an independent NR-PDSCH. Then the maximum number of NR-PDSCHs for the carrier should linearly scale with the number of bandwidth parts. In RAN1#90, one new agreement supports activation/deactivation of DL and UL bandwidth part by explicit indication at least in DCI. If each BWP of one TRP has an individual NR-PDCCH, the UE should monitor DCIs of all NR-PDCCHs from all BWP(s) and TRP(s). Those operations will increase the user’s processing complexity. Under this condition, each TRP should predefine one primary BWP, which will be used to activate secondary BWP(s) in order to reduce the user complexity. Furthermore, if the number of BWP per carrier of one TRP is small, all the control information for all BWP(s) transmission from one TRP can be transmitted or received by the primary BWP. If the number of BWPs per carrier of one TRP is large, the primary BWP may not handle all control information for all BWP transmission. Under this situation, each BWP should have its own individual NR-PDCCH, and the maximum number of NR-PDCCHs for the carrier should linearly scale with the number of bandwidth parts.
Proposal 10: For multiple bandwidth parts for the component carrier, the maximum number of NR-PDSCHs for the carrier should linearly scale with the number of bandwidth parts.

Proposal 11: For multiple bandwidth parts for the component carrier, the maximum number of NR-PDCCHs should depend on the number of multiple bandwidth parts per component carrier:
· If the number of multiple bandwidth parts per component carrier ≤X, the maximum number of NR-PDCCHs should be 2.
· If the number of multiple bandwidth parts per component carrier >X, the maximum number of NR-PDCCHs for the carrier should linearly scale with the number of bandwidth parts.
· The value of X is FFS.
3. Conclusion

In this contribution, we discuss remaining details related to multi-TRP transmission. The following proposals are made.
Proposal 1: Coordination between TRPs ensures that the total number of layers does not exceed the UE capability.

Proposal 2: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from multiple TRPs, simultaneous transmission from a maximum of 2 QCL’ed DMRS port groups is supported.
Proposal 3: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, the maximum number of ports used for transmission from a TRP is Lmax/2 where Lmax is the maximum number of layers supported.

Proposal 4: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, allow more than one size for the DMRS port group indicated for each TRP for a given total number of ports.
Proposal 5: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, consider supporting the following.

· Layers from each TRP are mapped to a separate codeword even when the total number of layers ≤4.

· The MCS associated for the transmission from each TRP can be different.

Proposal 6: For a single NR-PDCCH scheduling a single NR-PDSCH from two TRPs, resources used for transmission in a single BWP from the two TRPs are completely overlapping.
Proposal 7: Confirm the working assumption that for the case of multiple NR-PDCCHs from separate TRPs scheduling respective NR-PDSCHs, at most two codewords are used.

Proposal 8: A separate CORESET can be configured for the NR-PDCCH from each TRP for a UE receiving multi-TRP transmission.

Proposal 9: The ACK/NACKs for all transmitted codewords in a multi-TRP transmission are mapped to a single PUCCH, which is transmitted by the UE to a single TRP.
Proposal 10: For multiple bandwidth parts for the component carrier, the maximum number of NR-PDSCHs for the carrier should linearly scale with the number of bandwidth parts.

Proposal 11: For multiple bandwidth parts for the component carrier, the maximum number of NR-PDCCHs should depend on the number of multiple bandwidth parts per component carrier:

· If the number of multiple bandwidth parts per component carrier ≤X, the maximum number of NR-PDCCHs should be 2.
· If the number of multiple bandwidth parts per component carrier >X, the maximum number of NR-PDCCHs for the carrier should linearly scale with the number of bandwidth parts.
· The value of X is FFS.
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