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Introduction
In RAN1 NR ad-hoc meeting, the following agreements on the DL transmission with multiple TRPs are also achieved [1]:
· 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
Furthermore, the observations of SLS results for network coordination schemes with advanced receiver shown that performance of 5% percentile UE is improved [2].
In this contribution, the detailed interference coordination schemes, e.g., interference randomization and multi-TRP transmission are elaborated. Initial evaluation results for non-coherent JT among TRPs are also provided.
Joint Transmission
It’s well known that the coordination among TRPs would enhance the stability and data rate of the link, especially for improving the coverage of cell-edge UEs.  Moreover, in the application of the above 6GHz with high probability of LoS situation, it is expected spatial multiplexing would be better supported via multi-TRP transmission to achieve higher degree of freedom. 
Joint transmission is one of the CoMP schemes considered in LTE [3].  However, coherent joint transmission has high requirements on synchronization and calibration. Since the no optimization of JT has been done in the standardization of Rel-11 CoMP, the new FeCoMP SI is setup to study further enhancements of CoMP schemes in Rel-14. One of the schemes is non-coherent JT which is classified based on mapping of codewords to TPs as follows [4]:
Mapping of codewords (CWs) to TPs:
Case 1: Different CWs are transmitted from different TPs. Each TP perform adaptive precoding independently
Case 2a: The same CW is transmitted from different TPs with spatial diversity (e.g. SFBC) / spatial multiplexing
Case 2b: The same CW is transmitted from different TPs using SFN
In general, Case 1 requires less coordination among different TRPs compared to cases 2a and 2b in which the coordinated TRPs need to coordinate to transmit the same codeword.  
In addition, three schemes of resource allocation on different TPs are considered:
Scheme 1: The resource allocations from different TPs for a UE are fully overlapped
Scheme 2: The resource allocations from different TPs for a UE are partially overlapped
Scheme 3: The resource allocations from different TPs for a UE are not overlapped
It is observed that scheme 1 often requires coordination to make sure it is fully overlapped and scheme 3 allows the case without much coordination.  
We can consider these three cases of codewords to TP mapping and resource allocation schemes as the starting point of study on joint transmission for NR MIMO.  Considering this starting point, we list out some of the aspects for consideration on the standardization support for multi-TRP joint transmission.
· Beam management 
In RAN1#86, it was agreed to strive for the same procedure design for intra-TRP and inter-TRP beam management [5]. And it was also agreed to study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE in RAN1#86bis [6].  With this agreement, MIMO transmission based on multiple panels at the same TRP or at different TPRs should share the same beam management procedure. Unified beam management framework should be considered for beam management from one or multiple TRPs.  In [7], the concept of beam grouping is introduced.  Beam grouping can be used for multiple TRP transmission so that beams are grouped based on channel properties.   Group based beam reporting and QCL based beam indication have been discussed in [8].  Same framework of beam reporting and indication should be supported for both multi-panel and multi-TRP systems. 
· Codeword-to-layer mapping
In LTE, the application of the JT is constrained by the pre-defined codeword to layer mapping between two codewords. Considering complexity, it may be difficult to consider one codeword per layer i.e. one to one codeword to layer mapping but at least two codewords should be supported in NR for multi-panel/TRP transmission cases.   Moreover, in order to support all the codeword-TP mapping cases, flexible codeword to layer mapping should be considered to minimize the coordination between TRPs.  It has been a working assumption [9] that number of codewords is 1 per PDSCH assignment for rank 3 and rank 4.  It is not reasonable to always use multiple DCIs for multi-panel and multi-TRP systems as it wastes the DCI overhead for the cases with ideal backhaul.  To support multi-panel/TRP scenarios for ideal backhaul, number of codewords per UE should be configurable between 1 and 2 for rank 3 and rank 4 where non-coherent JT provides the most performance gain. 
· Control signaling on resource allocation
In LTE, resource allocation for one component carrier can be only signaled by one DCI.  In order to support three resource allocation schemes in NR, more flexible control signaling should be considered.  It is beneficial to consider the case (e.g. one DCI case) in which one control signaling is sent from one TRP to inform the overall resource allocation and the case (e.g. multiple DCI case)  in which each TRP can send its own control signaling to inform the UE its own resource allocation. 
· MCS assignment
In LTE, MCS assignment is done per codeword i.e. both modulation and coding are the same across the same codeword. If partial overlapping scheme of resource allocation is adopted, different interference is experienced for the same codeword and hence using one MCS across the same codeword is not appropriate.   MCS assignment should be considered such case to adapt different interference situation in the same codeword.  E.g. different modulation schemes can be allowed.
· CSI feedback
In LTE, multiple CSI processes are used to support CSI feedback for multi-TRP transmission.  CSIs are derived mostly in independent manner for each TRP.  In NR, it is beneficial to consider aggregation of multiple CSI-RS for aggregated CSI feedback.  Design of aperiodic CSI can be more flexible so that multiple CSI-RS resources can be selected for channel measurement considering JT.   CSI feedback considering different codeword to layer mapping should also be supported. 
· Advanced receiver 
In LTE, CWIC is considered as advanced receiver for non-coherent JT.  Advanced receiver such as successive interference cancellation (SIC) has the ability to eliminate the inter-codeword interference between JT TPs by subtracting correctly detected signal from received signal.  To deduce the actual CSI seen by SIC receiver, different interference assumptions can be applied for different codewords. Whether different interference assumptions are necessary and how to signal it needs to be studied.  One way of doing it is to put channel and interference measurement resource in a resource pool [10].  
Following the discussion, we have the following proposals:
Proposal 1: Group based beam management is considered to support MIMO transmission based on multiple panels at the same TRP or at different TPRs should share the same beam management procedure.  
Proposal 2: To support multi-panel/TRP scenarios for ideal backhaul, number of codewords per UE should be configurable between 1 and 2 at least for rank 3 and rank 4.
Proposal 3:  Aspects of flexible codeword-to-layer mapping, flexible resource allocation from multiple TRPs, MCS assignment, CSI feedback and advanced receiver should be studied to support multi-TRP transmission in NR.    
Interference randomization and coordination
In addition, interference randomization can be considered in order to mitigate serious interference among TRPs. Specifically, for applications of beam-based RS, such as CSI-RS for P1 beam management and L3 mobility which may be periodically transmitted in some fixed subframes even for different cells. 
As shown in Figure 1, once beam #0 of cell#0 and beam#0 of cell#1 collides, serious interference will always exist between these two beams if the beam transmission order is not changed at both cells. To avoid this situation, randomization of beam transmission order which is called beam randomization, could be considered as following cases:
1. Multiple beams sweep across multiple slots:
It is a common situation at high frequency. After implementation of the proposed methods, beam order varied from slot#0 to slot#N.  As shown in Figure 2, the interference in the first OFDM symbol is changed to be that between beam#0 of cell#0 and beam#13 of cell#1. 
2. Only a few beams are transmitted in one slot:
It is a common situation at lower frequency. As illustrated in Figure 3, in one subframe, if only two beams are in each adjacent cell, different beam positions for adjacent cells can be implemented by beam randomization in order to avoid serious interference. 


[bookmark: _Ref478111220]Figure 1 Illustration of beam index mapping in slot#0


[bookmark: _Ref478111308][bookmark: _Ref463081707]Figure 2 Illustration of beam index mapping in slot#N



[bookmark: _Ref478111316]Figure 3 Illustration of beam randomization with fewer beams
Proposal 4: To randomize inter-cell interference, beam randomization should be considered in NR, especially for periodically CSI-RS.
Besides the beamforming techniques in Tx side, Rx beamforming may also play an important role for both improving Rx power and limiting interference, especially when the number of UE antenna elements are large in higher frequency bands. After selecting the best one from multiple receive beams, interference corresponding to other Rx directions can be restricted. Actually, Rx beamforming scheme is belonged to interference mitigation in spatial domain. Especially for uplink transmission, e.g. PUCCH feedback, eNB may receive multiple PUCCHs from different UEs in one resource via different receive beams. It is noted that if orthogonality cannot be achieved by different receive beams, orthogonal resources in other domain must be allocated to UEs, e.g. orthogonal resources in time domain, in frequency domain, or in code domain. 
Proposal 5: Rx beamforming should be considered to mitigate interference in NR.
Performance evaluation
[image: ]
[bookmark: _Ref478110068]Figure 4 Indoor Hotspot
As shown in Figure 4, system level simulation is done to evaluate the performance benefits of non-coherent JT under the scenario of indoor hotspot with two different antenna configurations of UE, i.e., two and four Rx antennas.  Simulation assumptions can be found in the Appendix.  It can be observed that NCJT can provide performance gain comparing with the baseline with DPS/DPB.  In low load scenarios, NCJT provided tremendous gain in all regions of the UPT metrics.   High percentile UEs tend to have better gain.  It can reach as high as 50% gain for low to medium load scenarios.  For these UEs, the major benefit is coming from supporting more transmission layers with joint transmission, even with small number of maximum supported layer (up to 2).  NCJT provided consistent performance benefit for lower percentile UEs in different loading situations.  It has gain of 16-20% even for medium to high loads.  Interference mitigation by NCJT has the major effect on those interference-limiting UEs.
Table 1 Simulation results for 4Rx UEs
	FTP with pre-defined RU
	TP coordination scheme
	Mean UPT
	5% UPT
	50% UPT
	95% UPT
	Real RU

	5%
	DPS/DPB
	52.09
	28.55
	56.34
	56.34
	6.64%

	
	NCJT
	70.31
	36.62
	74.4
	88.89
	6.69%

	
	Gain
	34.98%
	28.27%
	32.06%
	57.77%
	

	20%
	DPS/DPB
	43.88
	13.23
	53.2
	56.34
	19.40%

	
	NCJT
	53.56
	15.68
	56.14
	84.26
	18.46%

	
	Gain
	22.06%
	18.52%
	5.53%
	49.56%
	

	40%
	DPS/DPB
	32.66
	3.07
	31.01
	56.34
	37.99%

	
	NCJT
	40.62
	3.68
	38.1
	85.11
	33.27%

	
	Gain
	24.37%
	19.87%
	22.86%
	51.06%
	

	70%
	DPS/DPB
	19.02
	1.63
	12.62
	55.95
	67.29%

	
	NCJT
	21.73
	1.89
	14.37
	68.29
	66.45%

	
	Gain
	14.25%
	15.95%
	13.87%
	22.06%
	


Table 2 Simulation results for 2Rx UEs (RU ~80%)
	TP coordination scheme
	Mean UPT
	5% UPT
	50% UPT
	95% UPT
	RU

	DPS/DPB
	5.638
	0.6676
	3.2051
	18.6047
	0.872

	NCJT
	6.7479
	0.7027
	3.413
	21.978
	0.854

	Gain
	19.69%
	5.26%
	6.49%
	18.13%
	



Observation 1:  High potential gain can be observed from initial evaluation results of non-coherent JT with SIC receiver     
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides initial evaluation results on multi-TRP transmission using non-coherent JT.  High potential gain can be observed from initial evaluation results of non-coherent JT.  It appears to have performance benefit to support multi-TRP schemes in NR.  To support multi-TRP transmission, we have the following observation and proposals.
Observation 1:  High potential gain can be observed from initial evaluation results of non-coherent JT with SIC receiver     
Proposal 1: Group based beam management is considered to support MIMO transmission based on multiple panels at the same TRP or at different TPRs should share the same beam management procedure.  
Proposal 2: To support different scenarios, number of codewords per UE should be configurable at least between 1 and 2. 
Proposal 3:  Aspects of flexible codeword-to-layer mapping, flexible resource allocation from multiple TRPs, MCS assignment, CSI feedback and advanced receiver should be studied to support multi-TRP transmission in NR.    
Proposal 4: To randomize inter-cell interference, beam randomization should be considered in NR, especially for periodically CSI-RS.
Proposal 5: Rx beamforming should be considered to mitigate interference in NR.
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Appendix
[bookmark: _Ref458408758]Table A-1 System simulation assumptions for non-coherent JT evaluation
	Parameter
	Values used for evaluation

	Carrier Frequency
	3.5 GHz

	Duplex Mode
	FDD

	System Band
	10 MHz

	Carrier Number
	1

	Network Synchronization
	Synchronized

	Antenna Configuration
	Transmitter: 2Tx cross-polarized antenna
Receiver: 2Rx and 4Rx  at UE(cross-polarized antenna with 0.5λ antenna spacing)

	Tx Power
	24 dBm

	eNB antenna height
	6m

	UE antenna height
	1.5m

	Number of small cells
	8

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 3m

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes
(low load ~5%, 20% RU,40% RU,70% RU)

	Handover margin
	3dB

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

	Metrics
	Mean, 5%, 50%,95% UPT

	UE Speed
	3km/h

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2
2Tx codebook, 16Tx FD-MIMO codebook
CQI, PMI and RI reporting triggered per 5ms
Feedback delay is 5 ms

	Transmission scheme
	TM10, Two CSI processes, DPS/DPB/non-coherent JT with rank adaptation

	Scheduler
	Proportional Fair

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Backhual
	Ideal backhaul

	Receiver
	MMSE-IRC and SIC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel estimation
	Non-ideal modeling of channel estimation error modeling

is used,
based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement
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