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Introduction
In the January RAN1 NR adhoc, the following agreements were reached regarding multi-TRP reception.
Agreements:
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded

Agreements:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded

This contribution considers further aspects of multi-TRP reception, identifying QCL assumptions the UE should make when receiving single and multiple NR PDSCH data streams, as well as the use of single and multiple PDSCHs for multi-layer multi-TRP transmission.
Discussion
One NR-PDSCH data stream
When a layer (i.e. an ‘NR-PDSCH data stream’) is transmitted on multiple TRPs, it may be transmitted phase-coherently between TPs.  Such coherent transmission among antenna ports that are distributed across sites is quite different than for antenna ports within a site.  Because different local oscillators are used, there will be frequency offsets between sites.  Furthermore, the Doppler shift between sites will also be different.  This means that any phase difference measured between sites is likely to change substantially within a subframe, and PMI feedback will become stale quite quickly.  Long term phase calibration is even more difficult to achieve across sites. 

Overall, coherent transmission across sites is rather less practical than within a site, and NR multi-TRP transmission should not be designed with the requirement that coherent transmission is supported among antenna ports of different sites. Note that this does not say that coherent transmission across sites is not possible or supported, merely that the network must transmit in such a way that the location of the antennas is transparent to the UE.  

Observation:
· Coherently combining antenna ports across distant sites is rather less practical than within a site.

Proposal:
· NR is designed with the assumption that coherent transmission is supported only among antenna ports within a site.

Because DMRS is used, whether a PDSCH is transmitted on antenna ports of one site or multiple sites is generally transparent to the UE.  However, if QCL relationships are needed e.g. for frequency or time tracking of DMRS, then DMRS ports transmitted from different sites may need to be treated differently by the UE.  This is the motivation for defining DMRS port groups as agreed last meeting.  By configuring a UE with multiple DMRS port groups, a UE can receive DMRS ports transmitted from different sites, for example using non-coherent JT.  However, the relationship of DMRS port groups to layers has not yet been defined.  Open loop transmission schemes may require more than one DMRS port per layer.  Given the difficulties observed above with applying such schemes across sites, we propose that DMRS ports associated with a layer are QCL’d in NRs.

UEs receiving multiple DMRS port groups will likely need CSI feedback taking into account multi-TRP transmission.  In such cases, since UEs should not assume that ports are coherently combined across sites, the precoding should only combine CSI-RS corresponding to ports in the same TRP.  We note that a single large codebook may be used with non-coherent JT, such that precoder entries that would combine CSI-RS ports across TRPs contain zeroes.  Alternatively, different codebooks could be used for different layers, where each codebook corresponds to one TRP.  In either case, Multiple CSI-RS ports for which a UE uses multiple nonzero precoding weights should be quasi-collocated.

Proposals:
· If multiple DMRS ports are associated with a layer, they are assumed to be quasi-collocated at least with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.
· Multiple CSI-RS ports for which a UE uses multiple nonzero precoding weights are quasi-collocated at least with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.
Multiple NR-PDSCH data streams

A UE receiving layers from different TRPs can either receive them with one PDSCH per TRP or with one PDSCH on all TRPs.  These two alternatives lead to different control signaling and CSI feedback.

If the layers transmitted from multiple TRPs are within a single PDSCH, the UE:
· Receives DMRS ports in multiple groups with each DMRS group corresponding to one TP and each having one or more DMRS ports.
· Needs to receive multiple codewords per PDSCH.  Given that multi-codeword PDSCH transmission is supported, the same HARQ mechanism can be used for single or multi-TRP transmission when the HARQ-ACKs are sent together (i.e. to one TRP). 
· Can determine CSI with rank hypotheses that take into account the interference produced by the number of hypothesized layers from all serving TPs and the UE’s ability to suppress them with its receiver.
· May have the same resource allocation on all TPs, enabling, or at least simplifying, non-linear advanced receivers, while restricting scheduling across the TPs.

If the layers transmitted from multiple TRPs are within multiple PDSCHs, the UE:
· Receives MN DMRS ports in M PDSCHs with one or more ports per PDSCH 
· Does not need to receive multiple codewords per PDSCH.  The same HARQ mechanism can be used for single or multi-TRP transmission, independently of if one or multiple codewords can be carried in a PDSCH.
· Can determine CSI with an interference estimate determined from a CSI-IM that reflects the expected interference when the UE is scheduled, as well as the interference produced by the number of hypothesized layers within the PDSCH.  If one CSI-IM is used, since the CSI-IM captures the interference from other layers transmitted to the UE, the UE can only account for its ability to suppress intra-layer interference according to the rank of the PDSCH on one TP.  However, additional CSI-IMs could be used to allow for different ranks for the other PDSCHs.
· Use a similar HARQ mechanism as when it receives a PDSCH each of M different carriers.
· Have different resource allocations on different TPs, possibly complicating the use of non-linear advanced receivers, while allowing flexible scheduling across the TPs.

Overall, the single PDSCH scheme as compared to the multi-PDSCH scheme seems to facilitate more accurate CSI  feedback and the use of advanced receivers at the cost of requiring support for multiple codewords per PDSCH, complicating HARQ feedback, and reducing network scheduling flexibility.  Given that multiple TRP transmission is useful in specific scenarios and radio conditions where SINR is sufficiently high, and multiple TRP are received as similar power levels, multiple TRP transmission does not seem to have a general enough use case to drive a requirement for multi-codeword transmission. 

Observations:
· Single and multiple PDSCH based multi-TRP transmission schemes are both feasible and have different benefits and drawbacks with respect to CSI accuracy, HARQ mechanisms, scheduler flexibility, and non-linear receivers.
· While single PDSCH multi-TRP transmission likely requires specification support for multiple codewords per PDSCH, the use case for multi-TRP transmission does not seem general enough to motivate multiple codewords on its own.

Proposals:
· Further study multi-TRP transmission with respect to CSI accuracy, HARQ mechanisms, scheduler flexibility, and non-linear receivers.
· Decide the benefit of multi-codeword transmission based on single TRP transmission.
Conclusion
The contribution has considered multi-TRP transmission with single and multiple layers across TPs.  Both coherent and non-coherent joint transmission were considered, as well as single and multiple PDSCH approaches to multi-layer joint transmission.  The discussion may be summarized with the following observations and proposals:
Observations:
· Coherently combining antenna ports across distant sites is rather less practical than within a site.
· Single and multiple PDSCH based multi-TRP transmission schemes are both feasible and have different benefits and drawbacks with respect to CSI accuracy, HARQ mechanisms, scheduler flexibility, and non-linear receivers.
· While single PDSCH multi-TRP transmission likely requires specification support for multiple codewords per PDSCH, the use case for multi-TRP transmission does not seem general enough to motivate multiple codewords on its own.

Proposals:
· If multiple DMRS ports are associated with a layer, they are assumed to be quasi-collocated at least with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.
· Multiple CSI-RS ports for which a UE uses multiple nonzero precoding weights are quasi-collocated at least with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.
· Further study multi-TRP transmission with respect to CSI accuracy, HARQ mechanisms, scheduler flexibility, and non-linear receivers.
· Decide the benefit of multi-codeword transmission based on single TRP transmission.
