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1. Introduction

In RAN 51, DL MIMO SI [1] was approved for Rel. 11. Real-life network deployment issues are listed as one aspect to discuss in the scope of this SI. Two examples have been given for such issues. One is antenna calibration error. The other one is robust rank adaptation. This contribution briefly discusses the impact of these two issues to the system throughput.
2. Antenna Calibration Error
In [2], eNB antenna calibration error has been mentioned as one optional requirement when designing CSI feedback enhancement for 4Tx closed loop MIMO. In [3], one eNB antenna calibration error model has been proposed. In this model, random delay error exists in both calibrated and un-calibrated antennas and wideband phase error only exists in un-calibrated antennas. 
As discussed in Rel. 10, random delay error makes the channel direction more frequency selective and it can increase the system throughput gain of subband PMI over wideband PMI. However, subband PMI is more sensitive to channel estimation errors thus part of the frequency selectivity gain is offset by the inaccurate PMI.  Unlike random delay, the uniformly distributed wideband phase error significantly increases the CSI quantization error when the Rel. 8 codebook is used. It is worth clarifying whether such large wideband phase error exists in reality. Table 1 lists the system throughput degrading when wideband phase error is uniformly distributed.
Table 1, Impact of wideband phase error on system throughput, PUCCH 1-1 reporting
	
	||||->|| SU/MU (R1)

	Ideal calibrated
	2.14 (0.068)

	Per antenna wideband phase error U(0, 2π)
	1.61 (0.055)

	Per antenna wideband phase error U(0, 0.5π)
	1.88 (0.064)


Observation 1: When the wideband phase error is uniformly distributed between 0 and 2π, MU-MIMO performance degrades significantly i.e. 10-20% when CSI is quantized using the R8 codebook.
In case such large wideband phase error does exist in reality, its impact to different MIMO schemes is different. [4] [5] proposed UE-RS based open loop SU-MIMO schemes. Though open loop MIMO is mainly designed for medium-high UE speed or when feedback is unreliable, its performance is also robust to wideband phase error as shown in Fig.1. The simulation assumptions are shown in Table 4 in the appendix.
[image: image1.emf]5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SINR(dB)

BPS

 

 

CL 3km/h

CL 3km/h PhaseErr

OL 3km/h

OL 3km/h PhaseErr

 [image: image2.emf]5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SINR(dB)

BPS

 

 

CL 30km/h

CL 30km/h PhaseErr

OL 30km/h

OL 30km/h PhaseErr


Fig.1, Impact of wideband phase error for CL & OL MIMO (8Tx->2Rx SU Rank2).
Observation 2: Compared with closed loop MIMO, open loop MIMO is more robust to wideband phase error for 8Tx.
3. Robust Rank Adaptation
In practice, robust rank adaptation is infeasible when interference level changes dramatically between two RI reports in periodical CSI reporting mode or across subbands when wideband rank is used for aperiodical CSI reporting mode. If peak data rate is not a concern, a robust rank report is to fix the rank to 1. If high rank is desired, one may increase the robustness through eNB implementation. In this case, eNB needs to know that it should transmit to UE using a rank different from what UE reported because the interference level changes dramatically after the report. It is not clear whether we need a standardized solution for the dynamic interference.
Another issue related to rank adaptation was discussed in Rel. 10 [6], [7]. It described one problem about ill-match between eNB scheduler preferred rank and UE reported rank. For ULA antenna, when the eNB scheduler prefers MU-MIMO, it would prefer UE reporting a low rank. On the other hand when eNB scheduler prefers SU-MIMO, it would prefer UE reporting an adapted rank. 
When UE is reporting rank 2 and eNB prefers rank 1 for MU-MIMO pairing, eNB can still extract a rank 1 precoder from the constituent column of the rank 2 precoders. Table 2 shows the performance difference between rank-1-only report and adaptive rank-1-and-2 report.
Table 2, Impact of rank adaptation on system throughput, PUCCH 1-1 reporting
	
	||||->|| SU/MU

	PUCCH 1-1 with rank 1 only
	2.14 (0.068)

	PUCCH 1-1 with rank 1+2
	2.1 (0.066)


Observation 3: Although it’s unclear whether we need to define a standardized solution to make rank adaptation more robust to instantaneous interference changes, we confirm that ill-matched rank does have a negative impact on MU-MIMO performance for ULA antenna configurations.
4. Conclusion
In this contribution we briefly discussed two real life issues listed in DL MIMO enhancement SI. Through system level simulations, we have observations below:
Observation 1: If the wideband phase error is uniformly distributed between 0 and 2π, MU-MIMO performance is degraded significantly when CSI is quantized using the R8 codebook.
Observation 2: Compared to closed loop MIMO, open loop MIMO is more robust to wideband phase error for 8Tx.
Observation 3: Although it’s unclear whether we need a standardized solution to make rank adaptation more robust to instantaneous interference changes, we confirm that ill-matched rank does have a negative impact on MU-MIMO performance.
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6. Appendix
Table 3, SLS Simulation Assumptions
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per cell
	10

	Downlink transmission scheme
	SU/MU dynamic switching with max composite rank 2

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Realistic

	CSI-RS modelling
	Realistic and reuse 1

	CQI reporting mode
	PUCCH 1-1

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1 in [8]

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Closely spaced ULA

	Control overhead
	L=3, 2 CRS ports, DMRS, CSI-RS

	Channel model
	SCM high angular spread

	Link error prediction technique
	EESM

	Inter cell interference modelling
	Realistic


Table 4, LLS Simulation Assumptions
	Parameter
	Value

	Bandwidth / Allocated RBs
	10MHz / 6RBs

	Channel Model
	SCM high angular spread with 3km/h and 30 km/h 

	Antenna Configuration
	eNB: 8Tx | | | | | | | |
UE: 2Rx | |

	Receiver Type
	Linear MMSE

	Number of CRS ports
	2

	CQI feedback mode
	PUCCH 1-1 CSI mode 1 for CL & PUCCH 1-0 for OL

	Channel Estimation
	2D MMSE

	Interference Estimation
	Ideal


