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1. Introduction

Time misalignment error (TAE) is raised as one real life issue in Rel. 11 DL MIMO SI [1]. It is commonly understood that TAE would cause the channel to be more frequency selective; hence subband CSI feedback mode such as PUSCH 3-2 might be justified. On the other hand, because of the large additional feedback overhead caused by subband CSI reporting mode, it would be safe to weight the benefits carefully against the costs. Similar discussions have taken place in Rel. 10 when PUSCH 3-2 is discussed. In [2] we have evaluated the performance of PUSCH 3-2 and PUSCH 3-1 in 3GPP case 1. And the gain of subband PMI is rather limited if antenna is ideally calibrated. In this contribution, we further evaluate PUSCH 3-2 with PUSCH 3-1 in operator prioritized scenarios [5] with different antenna calibration assumptions. 
2. TAE in Scenario A
TAE for co-located antennas has been investigated in Rel.10 and 65ns is identified as the maximum acceptable value of TAE for co-located antenna [4]. In this section, we compare the performance of PUSCH 3-2 and PUSCH 3-1 in scenario A assuming eNB Tx antennas are ideally calibrated or have TAE. The TAE model follows a Rel. 10 proposal [3]. In order to gain a sight of the performance difference between increasing frequency CSI resolution and spatial CSI resolution, we also compare one additional case in which PUSCH 3-1 using 6 bits code book [6] is evaluated.
Table 1, PUSCH 3-2 vs. PUSCH 3-1, Scenario A, X X at eNB and + at UE, 10UE/cell
	Throughput testing point bps/Hz
	ITU UMa Ideal Calibrated
	ITU UMa, TAE [2]

	5%  SE PUSCH 3-1
	0.043 (100%)
	0.0426 (100%)

	5%  SE PUSCH 3-2, 32 bits additional overhead
	0.045 (106%)
	0.0431 (101%)

	5%  SE PUSCH 3-1, 6bits codebook in [6]
	0.05   (118%)
	0.0394 (92.5%)

	50%  SE PUSCH 3-1
	0.148 (100%)
	0.136 (100%)

	50%  SE PUSCH 3-2, 32 bits additional overhead
	0.151 (102%)
	0.154 (113%)

	50%  SE PUSCH 3-1, 6bits codebook in [6]
	0.163 (110%)
	0.147 (108%)

	Avg  SE PUSCH 3-1
	1.77 (100%)
	1.62 (100%)

	Avg  SE PUSCH 3-2, 32 bits additional overhead
	1.79 (101%)
	1.73 (107%)

	Avg  SE PUSCH 3-1, 6bits codebook in [6]
	1.81 (101.8%)
	1.75 (108%)


We have below observations from the SLS results in Table 1 for scenario A
Observation 1: For ideally calibrated antennas, subband PMI has very limited gain over wideband PMI for ITU UMa channel;
Observation 2: When TAE is considered, the performance degradation of wideband PMI is more severe than subband PMI thus the performance gap between wideband PMI and subband PMI is widened;
Observation 3: Compared with introducing subband CSI reporting mode, reducing the TAE can result higher spectrum efficiency;
Observation 4: Compared with increasing frequency resolution, increasing spatial resolution has much higher throughput gain if the eNB antennas are ideally calibrated; when TAE is considered the throughput CDF of increasing frequency resolution and spatial resolution cross over;
Observation 5: Compared with increasing frequency resolution, increasing spatial resolution has much less overhead.

Based on the observations we made above, we can have below conclusions:

Remark 1: For scenario A without TAE, the gain of PUSCH 3-2 can’t justify its additional overhead and increasing spatial resolution [7] is a much more cost-effective way to improve the performance;
Remark 2: If TAE needs to be considered for scenario A, the best approach to improve the performance is to reduce TAE by better calibrate the eNB. If large TAE still exists after eNB calibration, subband CSI feedback mode PUSCH 3-2 can be considered.
3. TAE in Scenario B
For scenario B, the eNB implementation allows flexible mapping of geographically separated antennas into one CSI-RS pattern. And UE is agnostic of separated antennas to CSI-RS mapping when it feeds back CSI. If one CSI-RS pattern contains geographically separated antennas, the TAE value is generally believed to be larger than co-located antenna scenario A and C. In this section, we assume 4 antennas are configured for eNB, and each 2 of them are co-located as a subset. The two subsets are geographically separated as Fig.1. In each subset, we assume all antennas are ideally calibrated, but for the two subsets TAE is 65ns.
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Fig.1, one example of mapping geographically separated antennas to one CSI-RS pattern
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Fig.2, performance comparison of WB and SB feedback in scenario B with 65 ns TAE
We evaluate the link level performance of wideband feedback and subband feedback with and without the large TAE in the example in figure 1. As the results shows in figure 2, the TAE degrades the performance significantly if wideband CSI reporting mode is used. On the other hand, the performance of subband CSI reporting mode is relatively robust to TAE.
Based on the discussion and simulations we have below observations for TAE in scenario B:
Observation 6: If eNB maps geographical separated antennas into one CSI-RS pattern, TAE is expected to be larger in Scenario B than in Scenario A/C;
Observation 7: Sub-band CSI feedback is not sensitive to TAE and maybe defined for scenario B having large TAE;
4. Conclusion
In this contribution we have discussed the TAE and its impact on system performance in scenario A and B. Based on our evaluations results, it seems for scenario A when eNB is ideally calibrated the subband CSI feedback mode only has marginal performance gain over wideband CSI feedback mode. On the other hand increasing spatial resolution by defining a larger codebook has much more significant gain. Thus increasing the spatial resolution by defining a larger codebook seems to be a more cost effective way considering the overhead and performance trade off. If large TAE does exist after eNB calibration process, subband CSI feedback mode can be considered. On the other hand for scenario B when one CSI-RS pattern contains geographical separated antennas and calibration seems difficult, subband CSI feedback mode may be necessary.
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6. Appendix
Table 2, SLS Simulation Assumptions
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	MIMO scenario A

	eNB Tx power
	46dBm at Macro

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

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Ideal

	CSI-RS modelling
	Ideal

	CQI reporting mode
	PUSCH 3-1 with rank adaptation between 1 and 2

PUSCH 3-2 with rank adaptation

PUSCH 3-1 with 6 bits larger codebook

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Closely spaced XPol at eNB

XPol at UE

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

	Channel model
	ITU UMa to Macro

	Link error prediction technique
	EESM

	Inter cell interference modelling
	Realistic


Table 3, LLS Simulation Assumptions
	Parameter
	Value

	Bandwidth / Allocated RB
	10MHz, 6RB for subband feedback

50RB for wideband feedback

	Channel Model
	SCM high angular spread with 3km/h 

	Antenna Configuration
	As in Fig.1, two subsets and each subset is closely spaced ULA

	CSI Feedback
	Codebook based feedback on 6RB or 50RB 

	Feedback Timing
	Periodicity: 2 SFs;  Delay: 4SFs

	Receiver Type
	Linear MMSE

	Channel Estimation
	2D MMSE
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