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1 Introduction
In RAN1#66 meeting, time misalignment was identified as a high priority issue for study in RAN1. In this contribution, evaluations are performed to show the impact of time alignment error (TAE), and it is proposed to introduce the CSI reporting mode with subband CQI and subband PMI on PUSCH in LTE Rel-11 to mitigate the impact from TAE.

2 TAE modeling and feedback granularity
The time misalignment results in the variation of relative phase between different antennas over sub-carrier especially for larger system bandwidth. The relative phase variation has impact on the performance of precoding transmission. The impact is evaluated by system and link level simulations. In the simulations, three CSI reporting modes are evaluated when the TAE is 65ns and 0ns (i.e. no time misalignment):
· PUSCH mode 1-2 with wideband CQI and subband PMI

· PUSCH mode 3-1 with subband CQI and wideband PMI

· PUSCH mode 3-2 with subband CQI and subband PMI (Not be included in current specification, tentatively named PUSCH mode 3-2)

As the DL MIMO optimization is mainly for 4Tx with cross-polarization, the simulation in this contribution will base on this antenna configuration. For the four antennas, the typical arrangement is that two antennas are from one RRU (Remote Radio Unit) and another two antennas are from another RRU in practical system. As the time misalignment between the antennas from the same RRU is negligible, we assume that the TAE between two RRUs is 65ns, and there is no TAE between the antennas from the same RRU. Regarding the antenna arrangement, there are two possible configurations at eNB side which are
· Case 1: The antennas with the same polarization are from different RRUs (X X).
· Case 2: The antennas with the same polarization are from the same RRU (// \\).
3 Simulation results
Based on the assumptions in section 2, system level simulation is performed for MU-MIMO transmission with 4Tx and 2Rx. The detailed simulation assumptions can be found in Appendix. The simulation results are summarized in Table 1. From the results, there are the following observations:
Case 1:

1. For PUSCH mode 3-1, there is 13% and 17% performance loss for cell average and cell edge respectively when the TAE is 65ns. The reason is that wideband PMI cannot accurately reflect the channel variation due to TAE, and therefore the mode with sub-band PMI is preferred to mitigate the impact of TAE.
2. For PUSCH mode 1-2, the loss is marginal in case of TAE because sub-band PMI is used. However the performance is still worse than PUSCH mode 3-1 with the same TAE due to wideband CQI.
3. For PUSCH mode 3-2, there is only ~1% performance loss when comparing the case with TAE with without TAE. 

Case 2:

1. For all the three reporting modes, there is no obvious performance loss when there is TAE.
Table1. System level performance comparison of different reporting modes
	
	Cell average (bps/Hz/cell)
	Cell edge (bps/Hz/cell)

	No TAE / Mode 1-2
	1.78
	0.068

	65ns TAE case 1/ Mode 1-2
	1.77
	0.066

	65ns TAE case 2/ Mode 1-2
	1.78
	0.066

	No TAE / Mode 3-1
	2.08
	0.077

	65ns TAE case 1/ Mode 3-1
	1.81
	0.065

	65ns TAE case 2/ Mode 3-1
	2.02
	0.069

	No TAE / Mode 3-2
	2.10
	0.078

	65ns TAE case 1/ Mode 3-2
	2.06
	0.077

	65ns TAE case 2/ Mode 3-2
	2.03
	0.075


In addition, link level simulation for SU-MIMO is performed as shown in Fig 1 and Fig 2. There is the similar observation as above:

Case 1:

1. The reporting mode with wideband PMI is sensitive to the TAE, e.g. there is about 4dB performance loss for PUSCH mode 3-1 at high SNR region. There is no obvious performance loss for the modes with subband PMI, i.e. mode 3-2 and 1-2.

2. PUSCH mode 3-2 has significant performance gain over PUSCH mode 1-2.

Case 2:

1. There is no obvious performance loss for the three reporting modes in case of TAE.
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Fig 2. Link level performance comparison of different reporting modes
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Fig 3. Link level performance comparison of different reporting modes
From the both system and link level simulations with TAE modeling, it is observed that TAE is not a serious problem when case 2 antenna arrangement is used, however TAE has serious impact on the system performance, especially for the wideband precoding transmission. If wideband PMI is used, it cannot match the phase variation for different sub-bands and the transmission suffers more from the TAE than the subband PMI. Hence, sub-band PMI is an effective method to mitigate the impact of TAE. Based on the simulation results, the current PUSCH reporting mode 1-2 with subband PMI and wideband CQI is not enough. To further enhance the performance especially for MU-MIMO which is sensitive to feedback granularity, PUSCH reporting mode 3-2 with sub-band PMI and sub-band CQI should be supported in Rel-11.

4 Conclusion

In this contribution, system and link level evaluations are performed with TAE modeling, and we have the following observations and proposals.

Observation

· Wideband PMI is not robust for downlink transmission with time misalignment, and subband PMI is not so sensitive to TAE.

Proposal

· To enhance the performance in case of time misalignment, PUSCH reporting Mode 3-2 with subband PMI and subband CQI should be supported in Rel-11.

Appendix – Simulation assumptions
Table 2. System level simulation assumptions

	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	Tx number: 4

Rx number:2

BS: 0.5  MS: 0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel  estimation
	Ideal

	Subband size
	6 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algorithm
	Zero-forcing beamfoming for MU-MIMO 

	Receiver algorithm
	MMSE-IRC/Blind detection enable 

	Feedback 
	PUSCH 3-1: triggered per 10ms.

PUSCH 3-1: triggered per 10ms.

PUSCH 3-2: triggered per 10ms.

	Feedback Delay
	4ms

	Overheads 
	3 symbols for DL CCHs and 4 port CRS


Table 3. Link level simulation assumptions

	Parameter
	Assumption

	Transmission bandwidth
	10 MHz

	Subband bandwidth
	6RBs

	Channel model
	ETU, X-pol, high correlation

	UE speeds of interest
	3km/h

	antenna configuration
	Tx = 4 , Rx = 2

	Channel  estimation
	Real CE based on CRS

	HARQ
	Maximum 4 transmission
Chase Combining

10% BLER for each UE

	Receiver algorithm
	MMSE

	Feedback Delay
	4ms

	Feedback 
	PUSCH 3-1: triggered per 10ms.

PUSCH 3-1: triggered per 10ms.

PUSCH 3-2: triggered per 10ms.

	Overheads 
	3 symbols for DL CCHs and 4 port CRS


