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1 Introduction
In the RAN#71 meeting a new study item “Further enhancements to Coordinated Multi-Point Operation (CoMP) for LTE” was approved [1]. The main objective of the study item is to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes:

· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by the different transmission points in the single-user MIMO)

· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points

In contribution we provide evaluation results of non-coherent JT in indoor hotspot deployment scenario. The transmission schemes with fully overlapping resource allocations and different MIMO layer transmission from the coordinating transmission points was considered. For the performance reference the single point and DPB CoMP was used.
2 Discussion 
The non-coherent JT CoMP scheme can support different transmission strategies. One approach of supporting non-coherent JT CoMP is to transmit different MIMO layers from different transmission points on the fully overlapping resource allocation from two coordinating TPs. Such type of the transmission may be considered as multi-point SU-MIMO with non-coherent precoding of the MIMO layers across the TP. Such transmission strategy may be beneficial for the scenarios with small number of antenna ports at the TP and the LOS propagation, where the transmission rank from the serving TP may be limited. Such approach of non-coherent CoMP JT was used for the evaluation in this paper.
Deployment scenario

System-level simulations for the considered non-coherent JT CoMP scheme was carried out for the FeCoMP scenario A described in [2]. According to this scenario, the UEs are dropped uniformly within a single floor building with eight small cells located at the ceiling of the floor. The floor plan of the evaluated scenario is depicted in Figure 1, where the black points correspond to the deployed indoor small cells.

In the simulations, each small cell was equipped with two antennas (CSI-RS antenna ports) arranged into one cross-polarized (X-Pol) antenna groups with ±45° polarization slants in each group. Each UE was equipped with four receive antennas arranged into two X-Pol configurations with 0° and 90° polarization slants. Therefore, the UE was able to receive up to four MIMO layers.


[image: image1.emf]
Figure 1: Illustration of deployment scenario used in the evaluations
To preserve similar power of the received signals between coordinating transmission points, it is assumed that the neighbouring point is a candidate point for CoMP, if the Reference Signal Received Power (RSRP) of that point is smaller than the RSRP of the serving point by a maximum of 10 dB. In the performance evaluations, at most one neighbouring transmission point was considered for possible coordination for the UE. Other parameters and assumptions used in the system-level simulations are summarized in Appendix.

CSI calculation
To assist MCS, precoding and MIMO layer adaptation on the coordinating TPs, the CSI feedback from UE is required. Comparing to conventional SU-MIMO operation, in the considered non-coherent JT CoMP scheme, two sets of the CSI (PMIs, RI, CQI) should be selected by the UE one for each coordinating TPs. In principle, PMI, RI selection at the UE can be performed by joint optimization of PMI, RI over all possible combinations on both transmission points. However to reduce the CSI calculation complexity at the UE a suboptimal approach for PMI and RI search was used. More specifically, the CSI calculation was based on successive ordered optimization of PMI and RI for each transmission point. In other words, PMI and RI for the second transmission point was selected based on the PMI and RI found for the first transmission point assuming no coordination. To facilitate flexible scheduling operation, it is also assumed that UE provides the CSI feedback corresponding to single point operation without coordination from the neighboring TP. 
Modelling of the scheduling
In this section, we describe the scheduling scheme that was used in the evaluations to assign physical resource to the serving UE on different TPs. For the considered non coherent JT, a greedy proportional fair user selection algorithm was considered. Compared to the optimal user selection scheme, greedy scheduling substantially reduces the processing complexity of the CoMP scheduling schemes. The algorithm is based on the proportional fair metric which is defined for the set S of already scheduled users in the entire coordination area as follows
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where ((s) is the instantaneous throughput of user ‘s’ for the given subframe derived from the reported effective 
SINR value and 
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 is the average throughput of user ‘s’. Similar to the conventional scheduling scheme, the used greedy proportional fair user selection algorithm for multi-point SU-MIMO is initialized by configuring a set A with users served within the coordination area and set S with users scheduled for hybrid automatic repeat request (HARQ) re-transmissions if any. Then, at each scheduling iteration, based on the set S of already scheduled users, the algorithm tries to find user ‘u’ in set A which maximizes the proportional fair metric PF{S, u}, see Figure 2. As part of the user selection procedure the optimal number of MIMO layers (including MIMO layers from the coordinating transmission point) is also assigned to the UE by maximizing the proportional fair metric PF{S, u}. It should be noted that the MIMO layer(s) of the cooperating points for the users already scheduled in set S can be overridden by the MIMO layers of the candidate user ‘u’ if and only if the candidate user ‘u’ is not configured with multi-point SU-MIMO and the total proportional metric is improved. This means that the CoMP transmission can be also beneficial for high traffic loading factors if the loading on the transmission points enabling multi-point SU-MIMO is balanced. 
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Figure 2: Illustration of the scheduling scheme use in the evaluations
Performance results

Non-full buffer traffic model was considered for the evaluation of the considered non coherent JT. In the non-full buffer traffic model, the data packet of fixed size of 0.5Mbytes randomly arrives to the transmission point. The data packet arrival was statistically modelled as a Poisson process according to the FTP Model‑1 described in [3]. 

For the non-full buffer traffic model, the traffic loading factor of the system is characterized by the average amount of the resources used for data transmission, i.e., the resource utilization (RU) parameter. In the simulations, for the packet of fixed size the RU was controlled by the packet arrival rate parameter λ defined as the number of packets arrived per one second within the entire deployment. The packet arrival rate was selected in such way to achieve different RU. 
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Figure 3: Packet throughput distribution for different traffic loading

Figure 3 shows CDF for user throughput corresponding to packet arrival rates of 5, 10, 15 and 20 packets per second. The detailed comparison of the throughput performance corresponding to the 5%, 50% and 95%-tile points of the CDFs is summarized in Tables 1, 2 and 3 respectively for different packet arrival rates. It can be seen from Figure 3 that for two antenna port case for low and medium traffic loading factors the use of the non-coherent JT improves the performance, especially for the high-throughput UEs corresponding to the 95%-tile of the user CDF distribution. For higher traffic loading factors, the performance improvement for the UEs reduces. The performance gains is observed over non CoMP and DPB CoMP. It is expected that the performance gains are further increased if non coherent JT will be used together with DPB CoMP.
Table 1: Summary of packet throughput results for λ = 5 s-1
[image: image9.emf]Scenario RU, %

single point 28.47 (100%) 58.47 (100%) 58.99 (100%) 52.83 (100%) 5

dpb 29.37 (103%) 58.46 (100%) 58.99 (100%) 52.98 (100%) 5

multi-point 33.63 (118%) 97.54 (167%) 99.63 (169%) 77.57 (147%) 6

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Table 2: Summary of packet throughput results for λ = 10 s-1
[image: image10.emf]Scenario RU, %

single point 19.53 (100%) 54.81 (100%) 58.99 (100%) 46.82 (100%) 13

dpb 19.13 (98%) 54.91 (100%) 58.99 (100%) 46.88 (100%) 12

multi-point 20.75 (106%) 58.66 (107%) 99.39 (168%) 63.92 (137%) 15

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Table 3: Summary of packet throughput results for λ = 15 s-1
[image: image11.emf]Scenario RU, %

single point 11.97 (100%) 40.24 (100%) 58.91 (100%) 39.15 (100%) 22

dpb 13 (109%) 41.45 (103%) 58.91 (100%) 40.12 (102%) 19

multi-point 12.14 (101%) 44.62 (111%) 98.99 (168%) 49.87 (127%) 23

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Table 4: Summary of packet throughput results for λ = 20 s-1
[image: image12.emf]Scenario RU, %

single point 6.27 (100%) 27.76 (100%) 58.74 (100%) 30.65 (100%) 42

dbp 7.25 (116%) 28.71 (103%) 58.77 (100%) 31.48 (103%) 30

multi-point 6.65 (106%) 28.65 (103%) 98 (167%) 36.15 (118%) 38

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Summary
In contribution we provide initial evaluation results of non-coherent JT in indoor hotspot FeCoMP scenario A. The SU-MIMO non-coherent JT transmission scheme with fully overlapping resource allocations from the coordinating transmission points was considered. Based on the initial evaluation results it has been observed that non-coherent JT can provide the significant performance improvement over non CoMP and DPB CoMP and, therefore, should be considered for standardization in LTE.
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Appendix
	Parameter
	Value

	Deployment
	Scenario A

	Traffic model
	FTP Model-1

	Packet size
	0.5 MB

	Bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Channel model
	ITU InH

	Small cell antenna configuration
	2TX, X-Pol, ±45°

	UE antenna configuration
	4RX, X-Pol, 0° and 90°

	UE receiver type
	MMSE-IRC

	Outer loop link adaptation target PER
	10%

	CSI codebook
	LTE Rel-8

	Feedback periodicity
	5 ms

	Feedback granulariy
	5 PRB in subband

	CQI granularity
	Wideband CQI

	Max coordinating set size (Mmax)
	2 transmission points

	CoMP threshold
	10 dB
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