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Introduction
Multi-point transmission have been a part of 3GPP specification for LTE since Rel 11. They have been proven to be a powerful concept in achieving higher throughput and capacity, especially at the cell edge. However early version of transmission schemes especially in Rel 11 required a CRAN architecture and required a single scheduler across multiple TPs. With subsequent releases of 3GPP specification several enhancements to multi-point transmission schemes were introduced for LTE that require less coordination between the multiple TPs, e.g. eCoMP in Rel 12 and FeCoMP in Rel 14. 
In the case of NR multi-point transmission schemes are expected to be an integral of the specification from the very beginning. The time-scales in NR over which schedulers need to be coordinated can be significantly less than LTE dues to a smaller TTI (125sec – 250sec for NR compared to 1msec for LTE). Due to a much time scale for coordination it might be difficult to realize a CRAN architecture for NR under certain scenarios, therefore it makes sense to support both kinds of multi-point transmission in NR
· Multi-point transmission schemes that require tight scheduler coordination across the TPs
· Multi-point transmission schemes that do not require tight scheduler coordination across the TPs

It should be noted that at this point the definition of ‘tight scheduler coordination’ is somewhat ambiguous and those definitions will become more clear at the different kinds of multi-point transmission schemes are studied. 
Motivation for Multi-Point Transmission Schemes in NR 
In RAN1#86b the following agreements were made: 
Agreements:
· For coordinated transmission schemes for NR, both the case of co-located TRPs and the case of non-co-located TRPs are considered
· FFS the assumptions about latency/bandwidth 
· FFS detailed schemes
· Note: the classification of co-located vs. non-co-located may not capture all aspects, e.g., synchronization among TRPs, etc.
Agreements:
· For coordinated transmission schemes for NR:
· Support different types of coordinated transmission schemes for NR
· Strive for commonality in supporting the different types of coordinated transmission schemes for NR
· Study the need of network assistance and coordination for different types of interference suppression (e.g. inter user, inter-TRP interference) and cancellation based on advanced receivers
· Consider information related to interfering signals for interference suppression and cancelation at UE side
· As a baseline, consider NAICs receivers structures in LTE

Furthermore in the RAN1#86b there was an additional agreement to define what Quasi Colocation (QCL) means in the context of NR. 
Agreements:
· QCL framework in NR is extended with new spatial QCL parameter(s) to support UE side beamforming/receiving procedure
· FFS details (e.g., receive angle of arrival, transmit angle of departure, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)
· For DM-RS antenna ports, NR supports:
· All ports are QCL-ed
· Not all ports are QCL-ed
· FFS on details
· FFS, e.g.:
· QCL between antenna ports transmitted on different CCs
· QCL between CSI-RS antenna ports within one CSI-RS resource
· All ports are QCL-ed
· Not all ports are QCL-ed

Based on these agreement and motivation we describe the multi-point transmission schemes for NR in the following section. 
Overview of DL Multi-Point Transmission Schemes in NR
The multipoint transmission schemes for NR can be classified into two categories depending on whether the multiple TPs are QCL or non QCL.
· Type 1 (QCL Required). When the multiple TP are QCL then it is possible for the UE to receive transmission simultaneously e.g. JT. These Type 1 schemes require the multiple TPs involved to meet the QCL requirement. However these type of schemes can be further divided into two sub-categories depending whether joint scheduling is required between the multiple TPs or not. 
· Type 1a: These type of multi-point transmission schemes require joint scheduling (or independent scheduling with ideal backhaul) across the multiple TPs
· Type 1b: These type of multiple point transmission scheme can work with independent scheduler although they require the multiple TPs to meet the QCL requirement.
· Type 2 (QCL Not Required). When the multiple TPs do not meet the QCL requirement then it is not possible for the UE to receive transmission from the multiple TP. However this can still allow for coordinated transmission (e.g. CS/CB) or dynamic point selection. 


Type 1a Multi TP Transmission in DL for NR
Type 1a transmission schemes require all the TPs to the QCL and scheduled using a single scheduler or multiple schedulers with ideal backhaul. In this context ideal backhaul refers to having zero latency and infinite bandwidth between the schedulers therefore any kind of coordination between the schedulers can be achieved instantly. The classic joint transmission (JT) schemes as defined in the LTE Rel 11 belong to this category of transmission schemes as shown in Figure 3‑1.
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[bookmark: _Ref465000812]Figure 3‑1 Type 1a Multi-TP Transmission Scheme for NR.

Overall characteristics of Type 1a multi TP transmission are
· Same code-word(s) are transmitted to the UE from the multiple TP
· The parameters of transmission such as layer mapping, MCS level, occupied resource blocks for each of the code-word(s) is same from the multiple TPs

The CSI feedback for Type 1a schemes should be computed assuming a joint transmission of same code-words from the multiple TPs observing these transmission hypothesis. 

Type 1b Multi TP Transmission in DL for NR
Type 1b transmission schemes require all the TPs to the QCL however it can be scheduled using independent multiple schedulers with non-ideal backhaul between them. In this context non-ideal backhaul refers to having non-zero latency and finite bandwidth between the schedulers therefore only long term coordination can be achieved between the schedulers. This is quite similar to Rel 14 FeCoMP but with some additional enhancements and flexibility as shown in 
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[bookmark: _Ref465002087]Figure 3‑2 Type 1b Multi TP Transmission Scheme for NR
Overall characteristics of Type 1b multi TP transmission are:
· Separate code-word(s) are transmitted from each TP. Unlike Rel 14 FeCoMP in this case we are not limited to a single layer (single code-word) from each TP. Rather each TP can transmit multiple layers and multiple code-word(s) to the UE. 
· Since separate scheduler are used it is not necessary for the PRB allocation (resource allocation) of the layers and code-word(s) from all the TPs to be same as shown in Figure 3‑2.
· Slow coordination is needed between the schedulers of the TP to ensure that the total rank of the transmission across all the TP does not exceed the maximum rank the UE can handle and the layer mapping is different from each TP to avoid using the same layer on two TPs. 

The CSI feedback is computed independently for each of the TP. However the UE needs to perform rank partitioning and layer mapping between the multiple TP and indicate it in the CSI feedback in order to ensure that the total transmitted rank across all the TPs is less than or equal to the maximum rank the UE can handle. And with the QCL assumption between TPs, multiple layers of PDSCH transmitted from different TP can be treated as regular SU-MIMO at UE side using advanced receiver (optional) to address the inter-layer interference. Note: probably only a subset of QCL assumption among (delay spread, Doppler spread, Doppler shift, average gain, and average delay) are required for type 1b. Which of the subset of QCL assumptions needed to receive type 1b multi-TP transmission is FFS. The layer partitioning would also ensure that the transmissions from the multiple TPs carrying different code-words(s) are using different spatial layer. Whether to have proprietary or standard interface to support the coordination between TPs should be further studied. This is a more generalized version of the Rel 14 FeCoMP for LTE and is able to achieve multi TP transmission without the need for a CRAN architecture or an ultra-low latency backhaul between the TPs. 
Type 2 Multi TP Transmission in DL for NR
Type 2 multi TP transmission scheme does not require QCL criteria to be met between the multiple TPs and therefore the UE cannot receive from all the TPs at any given TTI. This implies that instead of the Type 1a/1b JT (joint transmission) like scheme, we need to use transmission from a given TP at any given TTI, e.g. DPS or CS/CB as shown in Figure 3‑3. Note, separate scheduler based transmission is also possible in type 2 if UE is capable of tracking two TPs simultaneously: it requires UE to be able to track RS (maybe SS/DMRS, or SS/CSI-RS) from both TPs simultaneously and then apply separate channel equalizer. In that case, UE should assume no orthogonality between the PDSCH transmitted from different TPs. 
Overall characteristics of Type 2 multi TP transmission scheme are:
· Code-word(s) are transmitted to the UE from a single TP. However the chosen TP can be switched dynamically (on a per TTI basis).
· Furthermore the multiple TPs can coordinate on various aspects of transmission such as PRB allocation, precoding/beamforming, transit power selection etc to minimize interference between the transmissions from the multiple TPs. 
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[bookmark: _Ref465004484]Figure 3‑3 Type 2 Multi TP Transmission Scheme for NR
Proposal 
We propose the following to be adopted as a baseline for the NR multi TP transmission schemes
Proposal 1: Multi TP transmission schemes in NR should support the case where the multiple TPs meet the QCL criteria as well as the case where the multiple TPs do not meet the QCL criteria using the same framework
Proposal 2: Multi TP transmission schemes in NR should support the case where a joint scheduler is used for the multiple TPs as well the case where independent scheduler are used for the multiple TPs (with limited coordination, e.g. layer assignment). And further study whether it is needed to have a standard interface to support coordination between TPs. 
Proposal 3: The separate scheduler case should not only support transmission schemes such as dynamic point selection or coordinated scheduling (i.e. transmissions happen from a single TP at any given TTI) but also transmission schemes such as joint transmission (i.e. transmission happens from multiple TP at any given TTI). 
Proposal 4: For NR the following types of multiple TP transmission schemes are supported
· Type 1a: QCL criteria is met between all the TPs and a joint scheduler (or independent scheduler with idea backhaul) is used to schedule the UE across the multiple TPs.
· Type 1b: QCL criteria is met between all the TPs an independent scheduler (with non-ideal backhaul) are used to schedule the UE across the multiple TPs. For Type 1b which set of QCL subset assumptions are needed is FFS 
· Type 2: QCL criteria is not met between all the TPs and joint or independent schedulers can both be used to schedule the UE across the multiple TPs.
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