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1 Introduction
In RAN1#80, additional simulation assumptions and DM-RS enhancement alternatives that may be considered for FD-MIMO systems were identified as follows [1]:

	Conclusion:

· Companies are encouraged to give performance evaluations for higher order MU-MIMO with FTP traffic model focusing on following alternatives until RAN1 #80bis meeting

· Alt. 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence

· Alt. 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence

· Alt. 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence

· Alt. 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation

· Alt. 5: Larger PRG size


Among the available options, the 5th alternative highlighted above targets generic DM-RS enhancement suitable for both SU-MIMO and MU-MIMO transmission schemes. In this contribution we provide our views on this enhancement, which is based on increasing the PRB bundling size for DM-RS precoding and channel estimation [2]. Furthermore, we provide simulation results for the agreed FD-MIMO antenna configuration to quantify the performance improvement. 
2 MU-MIMO precoding for FD-MIMO systems
In RAN1#80, FD-MIMO antenna configurations were agreed for phase-2 enhancements as shown in Table 1.

Table 1: FD-MIMO antenna configuration
	Scenario
	N=1,
M=8
	N=2,
M=8
	N=4,
M=8
	N=8,
M=4
	N=16,
M=2

	Homogeneous @ 2 GHz
	8TXRU

16TXRU
	8TXRU

16TXRU
	8 TXRU

16 TXRU

32 TXRU

64 TXRU
	8 TXRU

16 TXRU

32 TXRU

64 TXRU
	8 TXRU

16 TXRU

32 TXRU


In email discussion [80-05], baseline schemes for the agreed FD-MIMO antenna configurations were proposed. Among the mentioned alternatives, Category 1/2 techniques, which are based on the horizontal or vertical sectorization of the macro cell area, may be used to improve FD-MIMO performance without introducing specification changes.
	Agreement:

· Following four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

· …


The performance improvement in the baseline system of Category 1/2 is achieved by UE-specific precoding and MU-MIMO transmission in each sector. A standard transparent support in this case is provided by either using Rel-12 DRS with RSRP reporting on CSI-RS or by using Rel-11 CSI reporting for multiple CSI processes. In both approaches, CSI-RS resource of each sector is assumed to be beamformed in accordance to the sector definition. 
It should be noted that sectorization in the vertical and horizontal dimensions considered for the baseline FD-MIMO systems would also help to minimize the effect of multi-path at the UE receiver. More specifically, with narrowing sector beam-width the multipath components of the channel impulse response would experience further attenuation. As a result, the effective channel in the frequency domain after sectorization beamforming would typically experience smaller frequency selectivity compared to the frequency selectivity of the conventional channels in the non FD-MIMO systems. The reduced frequency selectivity might be exploited at the UE receiver to improve the channel estimation performance when PRB bundling is used.
3 PRB bundling enhancements
In accordance to TS 36.213, PRB bundling is defined as a set of P’ consecutive PRB pairs (denoted as PRG – precoding resource group) where the same precoding may be assumed at the UE. PRB bundling is only used when PMI/RI reporting is configured. The PRG size was selected to provide some flexibility in the precoding selection, e.g., when sub-band-based PMI precoding is used. The PRG size for different system bandwidth values is provided in Table 2. 
Table 2: PRB bundling for precoding

	System Bandwidth 

(
[image: image1.wmf]DL

RB

N

)
	PRG Size (
[image: image2.wmf]P

¢

) 

(PRBs)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2


It should be noted that the existing PRG size may be less than the typical size of a sub-band. For example, for the most commonly deployed system bandwidth of 20 MHz, PRG comprises only 2 adjacent PRBs. Such a relatively small size of PRG in Rel-10 design of LTE-A could be explained by MU-MIMO beamforming (e.g., Zero-Forcing - ZF) which, due to pairing of different UEs, may change the precoding vectors in the frequency domain more often than the sub-band size. On the other hand, considering horizontal (or vertical) sectorization approaches, as the ones discussed in Section 2, supporting MU-MIMO transmission in FD-MIMO systems can be also achieved by simultaneous use of the sectors without additional change of the precoding vectors on DM-RS. In this case, the precoding granularity of the DM-RS antenna ports can be reduced to the sub-band size without sacrificing precoding flexibility. Moreover, considering the constant modulus property of the actual precoding, ZF is not always desirable unless MU-MIMO pairing is performed for the UEs with orthogonal PMIs. In this case, ZF beamforming would not change MU-MIMO precoding and the DM-RS precoding granularity may be also kept with the sub-band size granularity. Furthermore, for FD-MIMO antenna configurations (and massive MIMO systems in general), PMI-based MU-MIMO precoding without ZF post-processing is often considered as a promising precoding approach in terms of the achievable performance. For this precoding case, the DM-RS precoding granularity may be also kept with the sub-band size granularity without sacrificing precoding flexibility.
4 Evaluation results

Evaluation results comparing the performance of the conventional and proposed enhanced PRB bundling schemes aew presented in Table 3. In the evaluation the antenna configuration with N = 8, M = 4 and 16 TXRUs is assumed. The FTP traffic model 1 with average packet arrival rate of {1.4, 2.8, 3.3} sec-1 was used in the simulations. For the baseline scheme a PRG size of 2 PRB pairs is assumed, which corresponds to the PRG size of the 20 MHz system bandwidth. For the PRB bundling enhancements, a PRG size of 5 PRBs is assumed. Two vertical sectors were created by virtualizing two vertical TXRUs in the full connection antenna model. The detailed simulation assumptions are provided in the Appendix of this contribution. 
Table 3: Throughput performance of PRB bundling scheme
	Scheme
	Packet arrival rate λ, sec-1
	Offered load, Mbps
	Cell-edge Thr., Mbps
	Median Thr., Mbps
	Avg. Thr., Mbps
	RU%

	1 PRB
	1.4
	6
	14.5
	30.1 
	31.4 
	16.4

	
	2.8
	12
	6.02
	18.4 
	23.8 
	41.3

	
	3.3
	14
	3.88
	15.9 
	19.0 
	61.5

	2 PRBs
	1.4
	6
	15.4 (5.8%)
	32.5 (8%)
	35.6 (13.4%)
	15.3

	
	2.8
	12
	6.52 (8.3%)
	20.2 (9.9%)
	26.5 (11.5%)
	38.4

	
	3.3
	14
	4.27 (10%)
	17.4 (9.4%)
	20.5 (8.3%)
	57.2

	5 PRBs
	1.4
	6
	15.8 (8.4%)
	33.4 (10.8%)
	36.8 (17.2%)
	14.8

	
	2.8
	12
	6.89 (14.5%)
	20.5 (11.3%)
	27.7 (16.4%)
	36.1

	
	3.3
	14
	4.59 (18.3%)
	17.6 (11.1%)
	21.6 (13.8%)
	53.3


It can be seen that the performance of FD-MIMO systems can be improved when larger PRB bundle size is considered. Based on the discussion above and the presented simulation results, the following proposal is made for DM-RS enhancements:

Proposal:

· For FD-MIMO systems, consider improving DM-RS performance by using larger sizes of PRG, especially for 20 MHz system bandwidth

· The PRG boundaries may be correspond to the subband boundaries

· If the scheduling flexibility is a concern, consider dynamic fall-back to smaller PRG sizes.

5 Summary

In this contribution we have discussed PRB bundling enhancement for FD-MIMO system. Based on the discussion and system-level simulation results following proposals were made:

Proposal:

· For FD-MIMO systems, consider improving DM-RS performance by using larger sizes of PRG, especially for 20 MHz system bandwidth

· The PRG boundaries may be correspond to the subband boundaries

· If the scheduling flexibility is a concern, consider dynamic fall-back to smaller PRG sizes.
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Appendix
	Parameter
	Value

	Scenario
	3D-UMi, 2GHz, ISD = 200 m (homogeneous)

Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 16 TXRUs

N=4 columns and M=8 rows
0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

Traffic load: {1.4, 2.8, 3.3} packets per second in macro cell

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs
Handover margin =3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Practical 2D-LMMSE, PRG = 2 and 5 PRB pairs

	Interference covariance estimation
	Practical DM-RS based

	CSI feedback
	Mode 3-2 with 10 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	Two static vertical beams electrically down-tilted TXRUs
Full connection antenna model
3D-UMi: {84, 97} degrees

	Azimuth precoding
	8TX codebook

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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