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1. Introduction
Some agreements were reached in previous meetings:
 

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
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· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· In RAN1 #88bis, the following were agreed:
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. 


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

2. Discussion

First, multi-TRP and multi-panel transmission can be treated similarly:

· Multi-TRPs with ideal backhaul & phase calibration and multi-panel with phase calibration can be treated jointly, coherent JT (Joint Transmission) covers both of them, refer to a companion contribution for their discussion [4];
· Multi-TRPs with non-ideal backhaul, multi-TRPs with ideal backhaul but not phase calibration, multi-panel without phase calibration can be also treated jointly, non-coherent JT covers all of them. And that is the focus of this contribution.

In [3], one justification for considering non-coherent JT was given: “With recent antenna advancements, Rel-13 UEs supporting up to four receiving antennas are going to be commercialized and hence more MIMO layers is allowed.   However, some eNBs are still be equipped with 2Tx only.  In addition, it is hard to support more than 2 MIMO layers from one eNB under LOS scenarios (e.g. indoor hotspots) where the spatial layers are coming from the dual polarizations in most of the cases.  In these scenarios, joint transmission from multiple TPs would provide more spatial layers for these 4Rx UEs.”

In general, distributed MIMO has the potential to boost UE peak throughput even with LoS conditions between each TP to a UE..

When multiple TRPs are used in the data transmission towards a UE, it is possible that each TRP has its own frequency synthesizer, for example each TRP generates its frequency by locking with the fiber link to the baseband unit. There can be phase drift over time between TRPs’ transmissions to a UE. 

At higher frequencies, it can happen TRP 1 transmits to UE 1’s mainly through panel 1 at UE 1; and TRP 2 transmits to UE 1’s mainly through panel 2 at UE 2 (alternatively the UE may use a broad Rx beam for reception of signals from TRPs 1 & 2). When phase noise is further considered, relative phase variation between links between two TRPs and a UE can take place even within a slot. NR has the flexibility to utilize DMRS with configurable density in the time & frequency domain. A dense enough DMRS pattern in the time domain can certainly mitigate the effect of phase noise, yet the overhead can be rather substantial.  From that, separate Phase Noise Tracking Reference Signals (PTRS) may be needed for multiple TRP transmissions towards one UE, irrespectively whether the same NR-PDSCH data stream or different NR-PDSCH data streams are transmitted.   

Downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs can be conducted in a few ways:
1. For the same transport block, the MCS level, redundancy version, rate matching, and resource allocation for that transport block are the same at multiple TRPs. Transmissions from multiple TRPs add up in a SFN fashion assuming the propagation delays from TRPs to the UE are aligned so any mismatch is within the cyclic prefix duration.
2. For the same transport block, the MCS level, redundancy version, rate matching, and resource allocation for that transport block can be selected separately at multiple TRPs, e.g. by considering the CSI feedback for each TRP. The UE performs reception on the signals from TRPs, and the LLRs obtained thereby are combined in the soft buffer.   
In either case, the HARQ feedback can be sent to one TRP (e.g. the TRP with  the least coupling loss) only or more TRPs, if other TRPs can receive the HARQ feedback and there are ideal backhaul links among TRP, and in this case joint processing is possible. 

During RAN1 #88, there were some discussions on downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs with non-ideal backhaul. It seems such a use case needs to be clarified: 
When there is an ideal backhaul between two TRPs, downlink data from higher layers can be routed to a centralized scheduler or two schedulers at two respective TRPs, and in the latter case, it is possible to ensure both schedulers are aware of the scheduling decision & buffer status of each other.
Now if the backhaul link between two TRPs is non-ideal, it seems the only choice is to route higher layer data in duplication to two TRPs for the use case under discussion. Because of NIB, scheduling decisions have to be made separately at two TRPs. HARQ management and perhaps even RLC management have to be conducted separately as well. As two schedulers can have different views on packet dispatch even when supplied with duplicated incoming data, how scheduling the same data at the same slot is accomplished is unclear. 

As NR supports different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul according to RAN1 #88’s agreements, there will be separate PDCCH transmissions from TRPs with non-ideal backhaul to enable different PR-PDSCH data streams. 

When different data transmissions are from TRPs with ideal backhaul, it is quite feasible to use one PDCCH to include all the scheduling information including QCL assumptions for antenna ports (e.g. ports 1-2 from TRP1 ports 3-4 from TRP 2), MCS levels, HARQ indices, resource allocations, etc. Ideally, it will be up to the base station to decide whether resource allocations are overlapping completely, partially, or non-overlapping, e.g. according to availability of CSI feedback and scheduling strategy. Due to considerations on signaling overhead, it may be preferred to enforce the same resource allocation for transmissions from TRPs. And we assume all the transmissions fall under one MAC entity. While a single PDCCH contains all the scheduling information for multi-TRP transmissions, it does not mean only one copy of the DCI is sent to a UE in a slot. In mmW, it is possible the same DCI contents can be sent to a UE from more than one TRP in the form of more than one PDCCH transmission, to achieve the desired level of robustness for control (mitigating blockage issues), a UE may need to perform PDCCH decoding at more than one occasion in a slot, e.g. at symbol 0 in a slot targeting TRP1, and at symbol 1 in a slot targeting TRP 2, etc. 

Presumably for a UE capable of receiving data transmissions from TRPs with non-ideal backhaul, for each TRP, a UE can be configured with separate control resource set, and the UE performs PDCCH blind detection at configured control resource sets for TRPs, the detection complexity can be rather substantial.

It is possible that the DCI which schedules multi-TRP transmissions may be of a larger size than another DCI which schedules a single-TRP transmission, UE PDCCH blind detection complexity can be a serious issue due to different DCI sizes/control resource set(s). While it is possible to introduce scheduling restriction to avoid frequency switching among scheduling choices (so a UE monitors only one type of PDCCHs for either multi-TRP data transmission or single TRP data transmission), it may not be desirable from system performance point of view.  

Hence reducing PDCCH blind detection complexity is important in the support of multi-TRP transmission, we can consider using one identical control resource set across TRPs, or at least defining a REG-to-CCE-DCI mapping rule, so resource definition at some level such as CCE’s level is common between TRPs,  and blind detection complexity of PDCCH does not exploded. For example, a UE is configured to monitor M DCI sizes, where the m-th DCI size is equal to Dm. For some m*, the sizes of a ‘single DCI’ and a ‘DCI which schedules multi-TRP transmissions’ are both equal to Dm*. When a UE detects a DCI with the size Dm*, whether the DCI corresponds to a “single DCI” or a “DCI which schedules multi-TRP transmissions” is indicated by a bit field in the DCI.

We have
Proposal: to support PDCCH transmissions from TRPs in the same slot, PDCCH generation rules at TRPs are aligned to reduce UE blind detection complexity.    
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In this contribution, we provide our views on Multi-TRP and Multi-panel transmission. We have
 
Proposal: to support PDCCH transmissions from TRPs in the same slot, PDCCH generation rules at TRPs are aligned to reduce UE blind detection complexity.    
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