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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 for CS/CB FeCoMP focusing on interference measurement enhancements for CSI feedback and CS/CB enhancement for non-ideal backhaul link.
2 Discussion 
Evaluation of interference measurement enhancement 

Rel-11 CoMP was introduced to support DPS / DPB scheme for two coordinating TPs. More specifically, three interference hypothesis were agreed to support CSI calculation for four possible transmission scenarios for two coordinated TPs. For CS/CB FeCoMP scheme with FD-MIMO, the number of transmission hypothesis would be significantly increased due use of the beamforming on the interfering TPs. As the result the existing framework supporting only three interference hypothesis is not sufficient to accurately capture the interference levels for different beamforming on interfering TPs. Therefore, to support CS/CB FeCoMP scheme with FD-MIMO the enhanced interference measurements for CSI feedback capturing larger number of interference hypothesis should be considered.
To demonstrate the potential performance benefits of enhanced interference for CS/CB FeCoMP wit hFD-MIMO a system-level evaluations were carried out. Two antenna configurations with 8x2 (antenna port layout 4x2) and 8x4 (antenna port layout 2x4) with 16 TXRUs were considered. For evaluations FTP traffic model 1 with packet size of 0.5Mbytes was considered. The results for different loading are presented in Table 1 and Table 2 assuming coordination of all macro nodes. 

Table 1: CS/CB FeCoMP performance with enhanced interference measurements for 8x2 antenna
[image: image1.emf]Baseline CS/CB CoMP Baseline CS/CB CoMP Baseline CS/CB CoMP

Average 33.57 45.81   (36%) 22.89 40.74   (78%) 16.28 38.14 (134%)

5% of CDF 11.27 24.43 (117%) 5.66 18.97 (235%) 2.97 16.50 (456%)

50% of CDF 31.65 50.64   (60%) 18.88 43.46 (130%) 12.17 38.10 (213%)

95% of CDF 55.70 55.80     (0%) 55.26 55.71     (1%) 45.35 55.69   (23%)

23.1% 15.1% 45.6% 24.0% 61.4% 28.9%
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Table 2: CS/CB FeCoMP performance with enhanced interference measurements for 8x4 antenna
[image: image2.emf]Baseline CS/CB CoMP Baseline CS/CB CoMP Baseline CS/CB CoMP

Average 36.57 46.43 (27%) 27.46 41.90   (53%) 18.12 37.74 (108%)

5% of CDF 13.29 24.52 (84%) 7.80 19.33 (148%) 3.48 15.04 (332%)

50% of CDF 36.33 51.59 (42%) 23.95 45.88   (92%) 13.74 37.55 (173%)

95% of CDF 55.75 55.81   (0%) 55.55 55.77     (0%) 49.87 55.70   (12%)

21.0% 14.9% 39.0% 23.5% 61.2% 31.9%
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It can be seen that CS/CB FeCoMP can provide significant improvement over the baseline schemes. The performance gains are increased for higher RU scenario corresponding to high inter-cell interference. Although additional evaluations are required considering limited coordination sets, the observed performance gains are noticeable to justify the specification of the enhanced interference measurements for CS/CB FeCoMP.

Proposal:
· Enhanced interference measurements to support CS/CB FeCoMP with FD-MIMO should be considered for LTE specification
CS/CB enhancement for non ideal backhaul link
In Rel-12 inter-eNB CoMP work item the X2 interface signalling for CQI and RI information corresponding to interfering links were introduced. The CQI and RI information is used to indicate the expected interference level from the neighbouring cells to assist CS operations. For FD-MIMO scenarios with non-ideal backhaul a similar enhancement may be also considered for CS/CB schemes. More specially, during Rel-13 FD-MIMO study item, it has been found that the vertical beamforming may have noticeable impact on the system performance due to inter TP interference. More specifically, depending on the antenna height and the deployment scenario the vertical beamforming at the TP with the elevations angles close-to-horizon may create server interference to the neighbouring cells. To provide interference information for different elevation beamforming on the neighbouring TPs, the CQI reporting for different CRI/PMI indices of the neighbouring TPs may be considered. Such information may be exchanged over X2 between the neighbouring eNBs to assist the beamforming restriction configurations (e.g. selection of Pc for NZP CSI-RS or codebook subset restriction).
To quantify the performance benefits of the proposed CS/CB FeCOMP scheme a system-level evaluation of FD-MIMO system with 8x1 antenna port layout were carried out. Eight TXRUs were assumed in the evaluations. The reported PMI information for the neighbouring cell was used to restrict the set of PMI used on the serving cell. The results are provided in Table 3. It can be seen that the CS/CB coordination with codebook subset restriction can improve the performance. The performance gains are increased for higher RU scenario corresponding to high inter-cell interference.
Table 3: Summary of CS/CB CoMP performance with X2 based coordination and hard CBSR
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Average 26.94 29 (7.6%) 19.28 21.84 (13.3%) 13.3 15.72 (18.2%)

5% of CDF 7.99 8.58 (7.4%) 4.66 5.26 (12.9%) 2.52 2.95 (17.1%)

50% of CDF 23.1 25.7 (11.3%) 14.77 17.67 (19.6%) 9.27 11.64 (25.6%)

95% of CDF 55.53 55.62 (0.2%) 51.09 55.2 (8.%) 39.24 43.19 (10.1%)

22.18 41.77 61.94
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To further improve the cell-edge performance, another approach of soft PMI restriction due to CS/CB CoMP coordination can be considered. In such approach PMIs for the serving TP can be selected at the UE using two or more power offsets, where each power offset is applied to different groups of PMIs code-words. For example, the PMI corresponding to beams creating high interference to the UEs served by the neighbouring TPs can be search using power offsets, where the power offset can be increased for subset of PMIs creating higher interference to the neighbouring TPs, while PMIs not creating interference to the UEs of neighbouring TPs can selected without power offset. Such approach effectively reduce the probability of some PMIs selection, but not fully prevent its selection as in the codebook with hard subset restriction. The results of the proposed schemes is provided in Table 4. It can be seen that the CS/CB coordination with soft codebook subset restriction can improve the performance. The performance gains are increased for higher RU scenario corresponding to high inter-cell interference.
Table 4: Summary of CS/CB CoMP performance with X2 based coordination and soft CBSR
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Average 26.87 28.47 (6.%) 19.23 21.22(10.3%) 13.28 15.08(13.6%)

5% of CDF 7.91 8.61 (8.8%) 4.65 5.42(16.6%) 2.48 3.11(25.4%)

50% of CDF 22.98 25.06 (9.1%) 14.64 16.97(15.9%) 9.21 10.98(19.2%)

95% of CDF 55.52 55.57 (0.1%) 51.09 54.81 (7.3%) 38.87 41.64 (7.1%)

22.26 41.93 61.99
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Proposal:

· Enhancements for CS/CB FeCoMP with FD-MIMO and non-ideal backhaul link to assist codebook subset restriction should be considered for LTE specification
Summary
In contribution we provide evaluation results for CS/CB FeCoMP focusing on interference measurement enhancements for CSI feedback and CS/CB enhancement for non-ideal back haul link. Based on the evaluation results the following proposal were made:

Proposal:

· Enhanced interference measurements to support CS/CB FeCoMP with FD-MIMO should be considered for LTE specification

· Enhancements for CS/CB FeCoMP with FD-MIMO and non-ideal backhaul link to assist codebook subset restriction should be considered for LTE specification
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Appendix
	Parameter
	Value

	Deployment
	Scenario B

	Traffic model
	FTP Model-1

	Packet size
	0.5 MB

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel model
	3D UMi

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

	UE antenna configuration
	2RX, X-Pol, 0° / 90°

	UE receiver type
	MMSE-IRC

	Outer loop link adaptation target PER
	10%

	CSI codebook
	LTE Rel-8, Rel-10

	Feedback periodicity
	5 ms

	Feedback granulariy
	5 PRB in subband

	CQI granularity
	Wideband CQI

	CoMP threshold
	10 dB
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