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1 Introduction

In RAN1#86bis meeting [1], it was agreed to further study the coordinated transmission schemes for NR: 

· 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.

· 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

In this contribution, we will focus on closed-loop coordinated transmission schemes, including the discussion on the potential coordination schemes in NR from the aspects of implemental requirements, application scenarios and possible enhancements in the case of co-located TRPs and non-co-located TRPs for data channel and/or control channel. 
2 Requirements for Coordinated Transmission Schemes
This section discusses the requirements for closed-loop coordinated transmission schemes in the case of co-located TRPs and non-co-located TRPs, including the synchronization levels between TRPs, backhaul capability, etc. For closed-loop coordinated transmission schemes, it is necessary to obtain the channel status information about the link between TRPs and UEs. Then, the TRPs can perform the coordinated transmission according to the CSIs. Such closed-loop coordinated MIMO schemes include coherent JT, non-coherent JT, DPS, DPB and CS/CB, etc.

For the case of co-located TRPs, UEs may use single QCL assumption for all antenna ports, which claims all the antenna ports experience the same large-scale property. If synchronization and mutual phase coherency of the coordinating TRPs are calibrated, it is possible to share data and CSIs among TRPs with the ideal backhaul link. In this case, some coordinated schemes with stringent requirement like coherent JT could be supported. For non-coherent JT, DPS, DPB and CS/CB, it has less stringent requirements on synchronization and coordination exchange among different TRPs when measuring the CSIs and transmitting useful signals. Further, the requirement of backhaul capacity is also relatively low since data is not necessarily shared among different TRPs. Therefore, non-coherent JT, DPS, DPB and CS/CB can also be supported. 
For the case of non-co-located TRPs, UEs may assume different QCLs for different antenna ports from different non-co-located TRPs. For coherent JT, data and CSIs need to be shared among TRPs, which is actually a very stringent requirement in practice, especially for the synchronization and mutual phase coherency of the coordinating TRPs. Therefore, it is difficult for TRPs to implement with non-ideal backhaul links or that with independent timing clock and RF calibration. Therefore, it only supports the coordinated schemes with low requirement like non-coherent JT, DPS, DPB and CS/CB. 
Proposal 1: Different closed-loop coordinated transmission schemes for the case of co-located TRPs and non-co-located TRPs should be supported according to the implemental requirements.

· To support coherent JT only in the case that synchronization and mutual phase coherency of the coordinated TRPs are calibrated.
· To support non-coherent JT, DPS, DPB, CS/CB for both ideal backhaul links and non-ideal backhaul links.
3 Coordination Transmission Schemes 
This section discusses several potential closed-loop coordination schemes for data channel and/or control channel, which could improve the capacity and/or the reliability of the signal in NR. Two kinds of coordination schemes should be studied. One is the JT to exploit the spatial multiplexing and spatial diversity gain and the other is DPS, DPB, and CS/CB to coordinated scheduling to improve the performance and reduce the interference.
3.1 Coherent JT schemes for multi-TRP cooperation

The coherent JT essentially combines all transmit antennas of the coordinated TRPs into a single distributed array, with which in principle the MIMO gains can be well obtained. For coherent JT, the joint precoding matrix is based on the whole channel matrix. For FDD system, in order to obtain the prefer global PMI of coherent JT, UE needs to perform channel measurement for all CSI-RS ports from all coordinated transmission TRPs and feedback to its serving TRP. However, data and CSIs need to be shared among TRPs, which is actually a very stringent requirement in practice, especially for the synchronization and mutual phase coherency of the coordinating TRPs. Therefore, it is difficult for TRPs to implement with non-ideal backhaul links or TRPs with independent timing clock and RF calibration. Coherence JT is more suitable for distributed MIMO system with ideal backhaul links. 
Furthermore, with the introduction of dynamic UE-centric cooperating set, suitable TRPs can be selected dynamically into the cooperating set to serve the UE. A dynamically changing cooperating set will take the responsibility for communicating with the UE. [2] What’s more, for coherent JT in LTE, the CRS rate matching problem and CRS overhead issue make coherent JT not an efficient transmission scheme. Therefore, the coherent JT in NR can be more easily realized than that in LTE.
Besides, it is still necessary to further enhance the coherent JT performance through the design of the codebook that can capture the channel characteristics for multiple low/non correlated TRPs. Here, different TRPs to the same UE may experience different large scale channel fading. Thus, traditional constant modulus codebook like DFT based is not quite suitable for the coherent JT. One possible method is to design amplitude compensation factor in codebook for multi-TRP coherent JT [3].
Proposal 2: Coherent JT should be supported in NR and possible enhancement should be studied to enhance the coordination gain. 

· To study the design of amplitude compensation factor in codebook for multi-TRP coherent JT.

3.2 Non-coherent JT schemes for multi-TRP cooperation

3.2.1 Spatial multiplexing gain improvement
Non-coherent JT scheme corresponds to the transmission scheme where transmission of the MIMO layer(s) is performed from two or more TRPs without adaptive precoding across the TRPs. Distributed scheduling schemes, where each TRP schedules its UEs independently without/with limited information sharing among cooperating TRPs, become attractive. The schemes are also suitable for scenarios with mobile UEs or dense TRPs deployment, as coordinated TRPs change frequently. Moreover, the UE-centric clustering approach is used in these schemes to provide UE-cell-center-like experience. Since each TRP schedules its own UEs independently, this provides low scheduling complexity, and no CQI/CSI information exchange between TRPs is required. This makes the distributed schemes easy and flexible for mobility management and appealing for non-ideal backhaul scenario. 
Figure 1 shows a distributed scheduling scheme, which is a beam-based approach. It utilizes closed-loop multi-user multiplexing to further improve user experience for users moving across multi-TRPs. For UE2, the network configures multiple CSI-RS resources corresponding to different TRPs, and it feedbacks the CSI to TRPs respectively. Based on the multiple CSI reports at network side, multiple independent spatial layers can be scheduled from different TRPs. 
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Figure 1: Non-coherent JT spatial multiplexing schemes for multi-TRP cooperation
As shown in Figure 1, take fully overlapping scheme of resource allocations as an example, at the same time and frequency resources, TRP1 transmits layers 1~2 to UE2 and TRP2 transmits layers 3~4 to UE2. From the UE side, by introducing advanced receiver, e.g. SIC, the user can mitigate the interference between TRP1 and TRP2 to improve the throughput. So the network side should have knowledge of UE’s decoding capability (such as, SIC receiver). Further, with the multiple streams from multiple beams of different TRPs, different data streams may have different arriving time. In order to improve the receiver performance, the multi-timing receiver should be studied. As the number of transmit antenna increases, e.g. in massive MIMO, such beam-based non-coherent JT transmission scheme can provide higher benefits in NR.
Proposal 3: Non-coherent JT among different TRPs to transmit different layers with low implemental requirements should be supported and possible enhancement should be studied in NR.
· To study UE’s decoding capability reporting, such as SIC receiver and multi-timing receiver. 

3.2.2 Spatial diversity gain improvement
For cell edge UEs, the reliability of the signal transmission is decreased due to the poor channel quality and the TRP may not choose the multiple layer transmission to the UE with the low SINR. In order to enhance the edge UE’s performance in NR, it may be a possible way that the different TRPs may also adopt multiple beams diversity schemes such as the spatial and time (frequency) block coding in order to obtain the spatial diversity gain and achieve the high transmission reliability. For this scheme, data and CSIs need to be shared between the coordinated TRPs and it is suitable in ideal backhaul links.
Besides, due to the short wavelength of the high frequency and the beam based transmission, the links between TRPs and UEs suffer from the effect of blockage easily. So reliability improvement techniques for high frequency are more urgent than that in LTE. In order to overcome the blockage, multiple transmission beam pairs can be maintained to improve the reliability, which are transmitted jointly in a coordination way. This is especially meaningful for control channel and some BCH.
In Figure 2, unlike the orthodox SFBC transmitted from the single TP, the different block coding is transmitted from the different TRPs [4]. Besides, in order to achieve the beamforming gain with MIMO, different TRPs may perform beamforming before the block coding. In this way, the UE could obtain the beamforming gain and the spatial diversity gain from the different TRPs at the same time. Therefore, the multiple beams diversity transmission scheme needs to be considered in NR to improve the spatial diversity gain for the edge UEs.
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Figure 2: Non-coherent JT spatial diversity schemes for multi-TRP cooperation 
However, the performance of non-coherent JT spatial diversity schemes may decrease when synchronization and mutual phase coherency of the coordinating TRPs are not calibrated. Therefore, the more robust schemes should be studied. 
Proposal 4: The closed-loop coordinated schemes of multiple beams from different TRPs to perform diversity transmission to improve reliability of the signal transmission should be further studied in NR.
3.3 Coordinated scheduling
CS/CB collects interference beams from coordinated TRPs and utilizes the measurement results for scheduling. For DPS, UE reports the CSIs of multiple TRPs and TRPs determine the best TRP to transmit data to the UE. In this way, UE can obtain the best performance. For DPB, some TRPs select muting in order to reduce the interference to get the best system performance. In these case, UE only requires a low-complexity receiver since it just receives data from the serving TRP with all data streams having the same QCL assumption. Therefore, DPS, DPB and CS/CB can be seen as an easily implemented scheme for coordination. 

Interference coordination through CS/CB is more important in NR due to its beam based transmission. When a narrow beam from a coordinated TRP acts as a strong interference beam to the serving TRP, the coordinated TRP should avoid the interference beam or reduce the power of the interference beam. Compared to the CS/CB with avoiding the interference beam, enhanced CS/CB considering the power adjustment can obtain the better performance.
Proposal 5: Enhanced CS/CB considering the power adjustment to coordinate interference beams should be studied in NR. 

3.4 Simulation assumption and result
For non-coherent JT scheme, we consider the dense urban scenario with 57 macro cells and full buffer traffic.  Figure 3 illustrates the cell average throughput and cell edge throughput gains of MU non-coherent JT scheme over MU non-CoMP. Compared with non-CoMP case, 1%-3% cell average gains and 30%-35% cell edge gains, respectively, are achieved. 
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Figure 3:Non-coherent JT scheme for multi-TRP cooperation

Observation 1: The non-coherent JT scheme can provide a significant coverage gain over non-CoMP scheme.
4 Conclusion
According to the above discussion, the following observation can be drawn:
Observation 1: The non-coherent JT scheme can provide a significant coverage gain over non-CoMP scheme.
In addition to the above observation, we also have the following proposals:
Proposal 1: Different closed-loop coordinated transmission schemes for the case of co-located TRPs and non-co-located TRPs should be supported according to the implemental requirements.

· To support coherent JT only in the case of synchronization and mutual phase coherency of the coordinated TRPs are calibrated.
· To support non-coherent JT, DPS, DPB, CS/CB for both ideal backhaul links and non-ideal backhaul links.
Proposal 2: Coherent JT should be supported in NR and possible enhancement should be studied to enhance the coordination gain. 

· To study the design of amplitude compensation factor in codebook for multi-TRP coherent JT.

Proposal 3: Non-coherent JT among different TRPs to transmit different layers with low implemental requirements should be supported and possible enhancement should be studied in NR.
· To study UE’s decoding capability reporting, such as SIC receiver and multi-timing receiver. 

Proposal 4: The closed-loop coordinated schemes of multiple beams from different TRPs to perform diversity transmission to improve reliability of the signal transmission should be further studied in NR.
Proposal 5: Enhanced CS/CB considering the power adjustment to coordinate interference beams should be studied in NR. 
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Appendix A: Simulation assumptions

Table 1: Simulation assumptions 

	Attributes
	Values or assumptions

	
	Dense Urban (Macro Only)

	Carrier frequency
	4 GHz

	ISD
	200 m

	BS antenna height
	25 m

	BS antenna configurations
	(M, N, P, Mg, Ng) = (2,2,2,1,1), X-pol (+/-45), 0.5λ H and 0.8λ V, θetilt = 102 degrees
(M, N, P, Mg, Ng) = (2,4,2,1,1), X-pol (+/-45), 0.5λ H and 0.8λ V, θetilt = 102 degrees
(M, N, P, Mg, Ng) = (4,4,2,1,1), X-pol (+/-45), 0.5λ H and 0.8λ V, θetilt = 102 degrees

	BS port mapping
	 (Mtxru, N, P, Mg, Ng) = (2,2,2,1,1)
 (Mtxru, N, P, Mg, Ng) = (2,4,2,1,1)
 (Mtxru, N, P, Mg, Ng) = (4,4,2,1,1)

	Max Tx Power
	41dBm

	UE distribution
	According to Table 6-1 in TR36.873, 80% indoor (3km/h), 20% outdoor (30km/h)
Full buffer: uniform 10 UE/sector

	Traffic Model
	full buffer

	Transmission scheme
	Non-coherent JT Spatial Multiplexing 

	Scheduler
	Proportional Fair scheduling, Sub-band (5RBs per RBG) 

	Layout
	Hexagonal grid, 19 sites, 3 sector/site

	System bandwidth
	10MHz (50RBs)

	Channel model
	3D UMa

	Max paired layer
	8

	UE antenna configurations
	4Rx X-pol (0/+90)

	UE receiver noise figure
	9 dB

	UE attachment
	Based on RSRP (formula) from CRS port 0

	Wrapping method
	Geographical distance based

	Feedback
	CQI reporting every 5ms 

	HARQ scheme
	IR with up to 4 retransmissions

	OLLA
	Enabled with 10% BLER target for first transmission

	Coordinate TRP number
	2

	
	

	
	

	
	



