3GPP TSG RAN WG1 Meeting #80
                                                                   R1-150569
Athens, Greece, 9th – 13th February 2015
Source:
NTT DOCOMO

Title:
Investigation on higher order MU-MIMO for FD-MIMO
Agenda Item:
7.2.4.3.2
Document for: 
Discussion and Decision
1. Introduction

At the RAN1 #78bis and RAN1 #79 meetings, there were intensive discussions on the application scenarios and detailed evaluation parameters for elevation BF and FD-MIMO [1, 2]. Typical antenna array configurations for each of the above mentioned scenarios are also discussed and agreed [3], wherein up to 64 and 32 antenna elements can be supported in the homogeneous and heterogeneous network scenarios, respectively. New technologies, which fully exploit the benefit of the large antenna array, and their standardization enhancement requirements, will be discussed in the upcoming RAN1 meetings. One potential usage of the large antenna array is to multiplex more users, i.e., higher-order MU-MIMO transmission. In this contribution, we provide initial evaluation results of the performance benefit of higher-order MU-MIMO, based on the latest agreed evaluation assumptions.
2. Higher-order MU-MIMO
This study item [4] focuses on the 2D active antenna system (AAS) with up to 64 and 32 antenna elements for homogeneous and heterogeneous network deployment scenarios. Compared to the legacy MIMO systems, the new 2D AAS provides several benefits. Firstly, the beamforming adaptation is now possible in the elevation dimension, in addition to the azimuth dimension supported by the legacy system. Secondly, with the increased number of TXRU, the beamforming gain is highly increased, i.e., beam become more narrow. These benefits allow a better spatially separation of multiple data streams. 
Compared to the substantial increase of the antenna element number and the TXRU number at the eNodeB side, it is foreseen that the antenna number at the UE side might not change too much in the near future. Therefore, the single user spatial multiplexing order will be constrained by the UE antenna number. In order to fully exploiting the high spatial multiplexing order of the large eNodeB antenna array, enhanced multi-user transmission could be considered.
The current specification only supports the simultaneous transmission of maximally 4 MU layers. If the performance benefit of multiplexing more MU layers can be justified, then extra standardization enhancement effort is expected, including DMRS and control signaling design, etc.
2.1. Initial Performance Evaluation
In this contribution, we make an initial performance benefit investigation of higher-order MU-MIMO. The evaluation is performed by considering the largest possible antenna array, i.e., 64-element antenna array in the UMi scenario with ISD = 200 m. Two cases are compared, a baseline scheme with Rel. 12 maximum 4-layer MU-MIMO and a higher-order, i.e., maximum 8-layer MU-MIMO. Both cases are evaluated with the SU/MU-MIMO switching scheme based on ideal CSI at transmitter (CSIT). In case of baseline 4-layer case, we assume that maximally 4 users can be multiplexed. Each user has a single layer transmission in the MU mode. In the higher-order MU-MIMO, we assume that maximally 8 users can be multiplexed. Each user has a single layer transmission in the MU-MIMO.

Major evaluation assumptions are summarized in Table A, which are based on the agreed common assumptions for the homogeneous UMi scenario. Initial evaluation is based on full buffer traffic model. The cell average and the 5% UE spectrum efficiency (SE) performance results are summarized in Table 1 for the 4-layer MU-MIMO and the 8-layer, i.e., higher-order, MU-MIMO.
Table 1: Performance comparison of 4- Layer MU-MIMO and Higher-order MU-MIMO
	Spectrum Efficiency

(bits/s/Hz)
	Max. 4-layer
MU-MIMO
	Higher-order MU-MIMO (Max. 8-layer)

	Cell average
	6.04 (100%)
	11.51 (190%)

	5% UE
	0.145 (100%)
	0.149 (103%)


In addition, we plot the statistics of the simultaneous MU layer numbers for both cases, i.e., baseline MU-MIMO and Higher-order MU-MIMO in Fig. 1. It can be seen that in case of high order MU-MIMO, there is a high probability that more than 4 MU layers will be scheduled by the eNB.
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Figure 1: Statisics on the number of multiplexed UEs.
From the evaluation results, we can make the following observation.
Observation: Large performance gain can be achieved by higher-order MU-MIMO, i.e., 90% gain in cell average spectrum efficiency, with the full buffer traffic model evaluation of 64-element antenna array in the 3D-UMi scenario.
It shall be noticed that the above performance evaluation is conducted in its best case in several aspects. Firstly we have considered the maximal possible antenna array size, i.e., 64 antenna elements with 64 TXRUs. It is very important to evaluate other typical antenna configuration in terms of the number of antenna elements and the number of TXRUs, especially the 32 antenna element case in the small cell scenario. Secondly, ideal CSIT has been assumed in this evaluation to avoid panelizing the potential higher-order MU-MIMO performance gain at a early stage, due to the standardization constraint.
2.2. Requirement on Further Peformance Verification
Based on the initial evaluation results, it is proposed to further study the performance benefit of higher-order MU-MIMO with more realistic evaluation assumptions. Furthermore, performance for the small cell deployment scenario should be carefully investigated, since the number of users per cell may be smaller and the antenna array size is limited. For the evaluation in small cell scenario, FTP traffic model with high RU can be used, which is a typical application scenario of MU transmission. 
Proposal: Further investigate the performance benefit of higher-order MU-MIMO with more realistic scenarios and assumptions, including following aspects.
· Small cell scenarios (smaller number of eNB antenna elements and different UE distribution)
· Realistic antenna configurations (virtualization scheme, etc.)
· Non-ideal CSIT, including reciprocity based transmission with error model
· Bursty traffic model
3. Summary
In this contribution, we provided initial evaluation results of the performance benefit of higher-order MU-MIMO, based on the latest agreed evaluation assumptions. We observe and propose the followings based on the discussion.
Observation: Large performance gain can be achieved by higher-order MU-MIMO, i.e., 90% gain in cell average spectrum efficiency, with the full buffer traffic model evaluation of 64-element antenna array in the 3D-UMi scenario.
Proposal: Further investigate the performance benefit of higher-order MU-MIMO with more realistic scenarios and assumptions, including following aspects.

· Small cell scenarios (smaller number of eNB antenna elements and different UE distribution)
· Realistic antenna configurations (virtualization scheme, etc.)
· Non-ideal CSIT, including reciprocity based transmission with error model
· Bursty traffic model
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Appendix
Table A: Simulation assumptions
	Parameter
	Value

	Scenario
	3D-UMi, ISD: 200m, carrier frequency: 2GHz

	System bandwidth
	10MHz (50 PRBs)

	eNB antenna configuration
	(M, N, P, Q) = (8, 4, 2, 64)

	UE antenna configuration
	2 Rx x-polar (+90/0)

	UE speed 
	3 km/h

	UE distribution 
	According to 36.873

	CSIT 
	Ideal

	MIMO precoding scheme
	SU: SVD precoding, MU: Block diagonalization

	Receiver 
	Non-ideal channel estimation and interference modeling

	
	LMMSE-IRC receiver

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

	Traffic model
	Full Buffer

	Handover margin
	3dB

	Scheduler 
	Frequency selective scheduling

	UE attachment 
	Option 1) Based on RSRP (formula) from CRS port 0 where CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Metrics
	Cell average and 5% UE spectrum efficiency
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