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1. [bookmark: _Toc474161164]Introduction
Some agreements were reached in previous meetings:
 

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

Agreements:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

At NR Ad Hoc #2, more agreements were reached:

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:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
· Include in the LS the following content 
· RAN1 agreement from RAN1#89
· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
· RAN1 thinks that the above agreement may have impact on RAN2 specification
· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic


In this contribution, we provide our views on multi-TRP & multi-panel transmission.

[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]At RAN1 #90, the following agreements/working assumption were reached:
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


In this contribution, we provide our views on SRS design in NR.
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In general, to make CoMP scheme more useful, it is important to allow dynamic switching between single TRP and multi-TRP transmissions. 

Single PDCCH case

There can be two ways to support data transmission from two TRPs scheduled by a single PDCCH:

Alt. 1 

The data transmission from a first TRP stays on a set of spatial layers, and the data transmission from a second TRP stays on another set of spatial layers. 

Alt. 2
The data transmission from two TRPs follows the RE mapping order: spatial layer  frequency  time and in this case the spatial layers come from both TRPs.

With Alt.2, the QCL assumptions for different spatial layers and DMRS mapping needed to be differentiated according to TRPs, other transmission parameters stay in the same. It is possible the rule concerning the number of spatial layers and the number of codewords for the single TRP case is applied to the simultaneous transmissions from two TRPs, e.g. with two layer transmissions from TRP1 and one layer transmission from TRP 2, then a 3 layer transmission from TRP1 and TRP 2 is used for a single codeword. In this case, the QCL assumptions under one codeword need to be signaled to the UE. 

It seems a simpler solution could follow the design in f-eCoMP, and in the case with two TRP transmissions, two codewords are always assumed and the QCL assumption is tied to each codeword, and all the DMRS ports for that codeword have the same QCL assumption, in another word all the spatial layers under one codeword come from one TRP. Note depending on the CSI feedback from UE, the transmission rank for one TRP can vary from 1 to 4 in this case, hence rank combinations for two codewords (i,j) for 1≤ i,j≤ 4 are all supported. And rank indication for each codeword is supported from that. Now with the flexibility of rank combination for two codewords from two TRP, and the same DCI design needs to support both multi-TRP transmission and single TRP transmission,  it seems natural to also allow flexibility for two codeword transmissions for the single TRP case, i.e. for single TRP transmission, rank combinations for two codewords (i,j) for 1≤ i,j≤ 4 are allowed.    


To avoid complications in CSI feedback for either the single TRP or the multi-TRP case, then given a certain rank, the gNB indicates a set of allowed combinations, e.g. with 4 layers, only {(2,2) (for two codewords), (4) (for a single codeword)} are examined to avoid excessive complexity in CSI acquisition. 


To avoid excessive UE blind detection complexity, the single PDCCH scheduling two codewords from two TRPs is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH. Note for URLLC, the consideration may be different and whether a PDCCH scheduling two codewords from two TRPs can be transmitted from either TRP can be further studied. 

We have:

Proposal 1: the single PDCCH scheduling two codewords from two TRP is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH.




Two PDCCH case


The two PDCCH case was originally motivated by consideration on non-ideal backhaul between TRPs. In NR, up to 4 layers can be used in a transmission for a single transport block. If a gNB schedules a 4 layer transmission from two TRPs to a UE at the same time, then the UE will receive data for 8 spatial layers. From that, restricting 2 CWs over the scheduled NR-PDSCHs does not constitute much of a constraint. 


If two separate MAC entities exist for the UE for corresponding TRPs, and scheduling & feedback design follows the DuCo framework (HARQ-Ack sent separately to avoid gNB communications through non-ideal backhaul). As the HARQ process id space is defined separately for each TRP, there is no need to increase the maximum HARQ process number.


If a single MAC entity is used for the UE/TRPs, separate PDCCH transmissions can provide the signaling to the same or different data. We can consider several use cases:
1. In one example, two PDCCHs point to a single PDSCH transmission, those two PDCCHs have identical scheduling information except for necessary adaptation according to QCL assumptions, see Figure 1. Strictly speaking, further agreement is needed to enable two PDCCHs to point to the same PDSCH. In this case, two PDCCHs can be used to boost the reliability for the control channel. It is obvious the HARQ id space does not needed to be increased in this case.
2. In a second example, two PDCCHs point to two PDSCH transmissions for the same data, with the same HARQ process ID and with the same or different redundant version, in this case it contributes to a more robust data channel. Also in this case, the HARQ id space does not needed to be increased.
3. In a third example, two PDCCHs point to two different PDSCHs, with different HAR process IDs, and it provides a boosted data throughput through network MIMO. If over ideal backhaul, the network is allowed to use two PDCCHs to schedule two PDSCHs, then HARQ-Ack feedback from the UE can be sent to one TRP (e.g. the TRP with a better uplink quality in the PUCCH group). In this case, for different data transmissions from different TRPs, increasing the HARQ-ack id space is one solution to re-use the HARQ scheduling & feedback scheme for a single TRP. In an alternative solution, the second TRP is numbered in a similar fashion as in the CA case (e.g. a UE is configured with two carrier frequencies, and on CC1, TRP1 and TRP2 transmit to the UE, and on CC2 TRP 3 and TRP 4 transmit to the UE. Then for CSI feedback/HARQ feedback, TRP1 to TRP 4 are treated as if they are 4 CCs, example given a virtual CC id or using a rule to specific the TRP order in the feedback, component carrier first or co-channel TRP first); and any HARQ-Ack aggregation applicable to the CA case in the uplink feedback is applied to the PDSCHs scheduled by two PDCCHs. the only difference lies in whether the same frequency or different carrier frequencies are used. 
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Figure 1 Two PDCCHs scheduling one PDSCH. Dashed lines for control, solid line for PDSCH

We have
Proposal 2: further study the approach to support HARQ scheduling & HARQ-Ack feedback in the case of two PDCCHs scheduling two PDSCHs.




3. Conclusion
In this contribution, we discuss multi-TRP transmission. We have 
 
Proposal 1: the single PDCCH scheduling two codewords from two TRP is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH.

Proposal 2: further study the approach to support HARQ scheduling & HARQ-Ack feedback in the case of two PDCCHs scheduling two PDSCHs.
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