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1 Introduction
Discussion about time alignment error for UL-MIMO has been carried out for several meetings. But there is no conclusion yet. As one of open issue of UL-MIMO Rel-10 core requirements, it is better to define it as soon as possible. This paper reviews the discussion history and proposes the way forward to close this issue.
2 Discussion
Time alignment requirement specifies the transmit time difference between the signals from two Tx branches. It is necessary to limit the time alignment error between different transmit branches for UL-MIMO. Otherwise, the TAE would decrease demodulation performance. From BS side, to keep the DL-MIMO performance, the TAE should not exceed 65ns for single carrier. Companies [2]

 REF _Ref288139032 \r \h 
[3]

 REF _Ref288139033 \r \h 
[4]also propose to define the TAE from UE side. 
Proposal 1: Time alignment between transmitter branches should be defined for UL-MIMO transmission.
Time alignment error requirement addresses the time difference between signals from two transmit braches. This requirement specify the transmit time delay uncertainty or group delay ripple of RF components on each transmit branch. Similar as DL-MIMO, the TAE for UL-MIMO should be a RF requirement instead of a RRM requirement. 
Proposal 2: Time alignment error requirement for UL-MIMO is in the scope of RF requirement.

On the other hand, using UE transmit timing accuracy requirement cover the time alignment error was proposed last meeting. To clear the situation, we quote the UE transmit timing requirement as following: 
-------------------------------------------- Begin the quote from 36.133-----------------------------------------------------------
7.1
UE transmit timing

7.1.1
Introduction

The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements.

7.1.2
Requirements

The UE initial transmission timing error on each antenna port shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing minus 
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. The downlink timing is defined as the time when [the first detected path (in time)] of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in section 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame except when the timing advance in section 7.3 is applied. When the transmission timing error between the UE and the reference timing exceeds (Te  the UE is required to adjust its timing to within (Te. The reference timing shall be 
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 before the downlink timing. All adjustments made to the UE uplink timing shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
2)
The minimum aggregate adjustment rate shall be 7*TS per second. 

3)
The maximum aggregate adjustment rate shall be Tq per 200ms. 

where the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2. 

Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	16*TS

	3
	8*TS

	5
	4*TS

	(10
	2*TS

	Note: TS is the basic timing unit defined in TS 36.211


7.3.2.2
Timing Advance adjustment accuracy 
The UE shall adjust the timing of its transmission on each antenna port with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command is expressed in multiples of 16* TS and is relative to the current uplink timing.
-------------------------------------------- End the quote from 36.133-----------------------------------------------------------

We can see that UE transmit timing address the UL/DL timing error. The requirement is defined to keep the UL signal in eNB’s timing search window. It is too large for the demodulation. For example, the initial transmission timing error on each antenna port is no greater than 12*TS when DL bandwidth is greater than 3MHz which make the time alignment error for 2 Tx braches is 24*TS. The timing advanced adjustment accuracy on each antenna port is ±4* TS seconds, which makes the time alignment error for 2 Tx braches 8* TS seconds=260ns. Based on our comprehending simulation result, 260ns time alignment error makes the UL-MIMO has no performance gain relative to signal antenna transmission even in the low channel correlation and lower MCS. The performance loss would be worse under high channel correlation and high level MCS. To take the advantage of UL-MIMO, we prefer the time alignment error no greater than 130ns. 
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Figure 1 link level performance for UL-MIMO with 1/3 QPSK 10MHz, low correlation, single-layer transmission
Observation 1: Timing advanced adjustment accuracy can’t cover the time alignment error requirement for RF components. 
Two factors should be considered when specify the time alignment requirement:

· Performance requirements: Time alignment error between different transmit branches would compromise the demodulation performance. 
· Implementation consideration: Un-necessary requirements on the time alignment error would impose additional cost to control the time differences introduced by different components. 

To move forward, there are two options. 

Option 1: Assess performance decrease by time alignment error and study the UE transmit time disturbance. Get an acceptable tradeoff between the performance and the implementation complexity. 

Option 2: Assume the time alignment error is [TBD] ns (130ns or less) and study UE RF architectures and decide if the requirement can be met relatively easily or not. 
Both options request to study UE RF architectures to get the typical RF transmit time ripple. So we recommend RAN4 study UE RF architectures to get the typical RF transmit time ripple.

Proposal 3: Recommend RAN4 study UE RF architectures to get the typical RF transmit time ripple.
We also need RAN4 decide whether to set a simulation campaign to evaluate the performance decrease by time alignment error or use the time alignment error [130] ns as the work assumption. 
3 Conclusion
In this paper, we give further analysis on TAE for UL-MIMO. We first explain why TAE for UL-MIMO should be defined. And then we clarify the relationship between TAE and the timing accuracy. Finally, we give the recommendations for way ward. We give three proposals and one observation.
Proposal 1: Time alignment between transmitter branches should be defined for UL-MIMO transmission.
Proposal 2: Time alignment error requirement for UL-MIMO is in the scope of RF requirement.

Proposal 3: Recommend RAN4 study UE RF architectures to get the typical RF transmit time ripple.

Observation 1: Timing advanced adjustment accuracy can’t cover the time alignment error requirement for RF components.
We also need RAN4 decide whether to set a simulation campaign to evaluate the performance decrease by time alignment error or use the time alignment error [130] ns as the work assumption.
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Appendix: 
Table 1  Link-level simulation parameters

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	Channel model
	EPA

	UE Speed
	2.7km/h

	Antenna configuration
	2T2R，1T2R

	Antenna correlation
	low

	System bandwidth
	10MHz

	Precoding Matrix
	Adaptation

	Channel estimation
	Realistic

	Noise estimation
	Realistic

	Receiver
	MMSE

	Max number of retransmissions
	3

	HARQ operation
	IR

	Antenna delay for 2T2R
	[0 0]; [0 65e-9]; [0 130e-9],[0 260e-9]

	Rank
	1

	RB allocation
	50

	Modulation
	1/3 QPSK

	Payloads
	5160

























































































3GPP


_1295162078.unknown

_1298457539.unknown

_1271863979.unknown

