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1. Introduction

This contribution discusses access operations during LTE handover to avoid delay and unnecessary use of physical resources resulting from use of the non-synchronized random access procedure. 
2. Background
During the LTE handover process, uplink (UL) timing advance needs to be adjusted before initial data transmission in the target cell [1]. Requirement of non-synchronized random access procedure results in increased handover latency and disruption of on going transmissions. This is especially important for real time services such as VoIP. Too often, scheduling of the random access in UL will also cause a waste of radio resources and unnecessarily increase the collision rate. Thus, we think it is important to minimize the interruption time and required signalling resulting from UL timing advance (TA) adjustment in the target cell during LTE handover.  
3. Discussion

Non-synchronized random access will cause latency and has resource efficiency problem as shown in [3]. This latency in non-synchronized random access is mainly caused by the waiting time after a UE is ready to transmit in the UL for UL synchronization and before the PRACH slot occurs in the frame structure as well as time spent in collision resolution. The amount of resources needed to achieve the reasonable delay will probably be very high in real deployments. 

Thus if non-synchronized random access is used during LTE handover, it will inevitably lead to long delays and extra demand of radio resources. This will bring adverse impact to handover of real time services such as VoIP, gaming, etc, or handover during high mobility cases.
Realizing the disadvantages, several contributions [4][5][6][7] are proposing not to use non-synchronized random access for UL transmission of UL synchronization during LTE handover. If the UE is able to perform handover execution without collision (contention based RACH is not used during handover, thus no collision happens), then the handover interruption time could be very low. 
We support the proposals that the non-synchronized random access procedure is not needed when the source and target cells are synchronized or when the relative time difference between the source and target cells is known. In these cases it is proposed UE may autonomously perform timing advance during handover by adjusting the source cell timing advance by the relative difference in channel reception between the source and target cells, and the relative difference in source and target cell/eNB timing when the cells are not synchronized (details on the timing advance adjustment and accuracy are included in appendix A & B). 
Upon entering the target cell, the UE may avoid the asynchronous PRACH procedure for TA adjustment and may either apply UL shared channel or synchronized PRACH for initial access the target cell. There are several potential methods how the UE may acquire the UL shared channel assignment in the target cell, but we see this as a mutually exclusive issue that is for further study and is therefore not further discussed in this proposal . 
Please refer to Appendix A and B for detailed feasibility analysis and simulation result when UE autonomous timing advance scheme is used during LTE handover.
4. Conclusion 
We propose to eliminate the requirement for the non-synchronized random access procedure during LTE handover when UE autonomous timing advance adjustment is possible, so that initial access in the target cell may apply either the UL shared channel or the synchronized random access procedure. The proposed procedure will reduce target cell access latency, interruption in on going transmissions and unnecessary radio resource demand.
5. Text Proposal 
It is proposed to add the following description to the appropriate TS/TR under “Non-synchronized random access”:

-----------------------------------Start of text proposal-------------------------------------

In the case of serving cell change, when the source and target cells are synchronized or the relative time difference is known to the UE, initial access in the target cell shall not require the non-synchronized PRACH access procedure. 

-----------------------------------End of text proposal-------------------------------------
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Appendix A: Feasibility Analysis for UE Autonomous TA During HO
1. Propagation Delay and FSP Timing

Let 
[image: image1.wmf] denote the timing at the Node B i, and 
[image: image2.wmf] denote the one-way propagation delay from the Node B i to the UE. Suppose the distance between the UE and Node B i is 
[image: image3.wmf], the propagation delay 
[image: image4.wmf]=
[image: image5.wmf]/c therefore is not affected by frequency. In order to maintain proper operation of downlink, the downlink timing at the UE has to be locked to the first significant path (FSP) of the multi-path channel. This can be achieved easily by UE performing channel estimation after cell search coarse timing detection and obtain the power delay profile of its multipath channel and lock to the FSP. The DL timing is shown in Figure 1.

[image: image6.emf]
Figure 1: Propagation Delay and FSP Timing

The downlink timing that the UE detects for Node B i is 
[image: image7.wmf] = 
[image: image8.wmf] +
[image: image9.wmf]+
[image: image10.wmf], where 
[image: image11.wmf] is the difference between arrival time of the FSP in downlink and propagation delay when the timing detection was performed. The 
[image: image12.wmf] part depends on the frequency and environment. The FSP of uplink signal will arrive at the Node B i with a uplink delay of 
[image: image13.wmf]+
[image: image14.wmf], where 
[image: image15.wmf] is the difference between arrival time of the FSP in uplink and propagation delay when Node B detect uplink timing. 

2. Timing Advance During Regular Case (Non-Handover)
In order for the UE to align its uplink timing with other UEs at Node B i, it needs to perform timing advance adjustment. The timing errors that cannot be removed by the timing advance adjustment are:


[image: image16.wmf], which is the error produced by timing estimation at Node B i (due to limited timing detection granularity) and time offset between oscillators at the UE and Node B;  


[image: image17.wmf], which is the timing error produced by the fading profile. 

Then the maximum timing misalignment after performing timing advance adjustment can be written as: 
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As established in [8] and [9], timing misalignment between UEs should be less than the CP duration so that the Node B can process the UE’s signals with a single FFT without severe performance degradation, the timing relation is shown in Figure 2. As in [8], the uplink CP length is no less than the timing misalignment caused by 
[image: image21.wmf] +
[image: image22.wmf] plus a timing margin caused by mobility which is denoted as 
[image: image23.wmf] (e.g., of 1 μs), then we have:
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where 
[image: image28.wmf]is the CP length.


[image: image29.emf]
Figure 2: Timing Margin and Uplink Timing Drift
3. Timing Advance During Handover Case

Consider the case when UE handovers from the source Node B i to target Node B j. The UE knows the downlink timings 
[image: image30.wmf] and 
[image: image31.wmf]of both Node B’s. Since the UE is tightly time-synchronized with the source Node B i, then the UE knows the timing advance value
[image: image32.wmf]in its source Node B i .  The UE can also estimate the downlink timing difference 
[image: image33.wmf]between the source and target Node B’s. We assume that the UE can be informed of the delta value of (
[image: image34.wmf]−
[image: image35.wmf]) by the Handover Command. Then the UE can estimate the timing advance 
[image: image36.wmf] for the target Node B j based on TA value 
[image: image37.wmf]of Node B i, downlink timing difference 
[image: image38.wmf] and delta timing (
[image: image39.wmf]− 
[image: image40.wmf]) between Node B i and j. Therefore, the maximum timing misalignment after performing TA adjustment to target Node B j can be expressed as: 
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where  |
[image: image45.wmf]| is the timing error caused by the channel profile of Node B i.
In order to support the autonomous timing advance method, |
[image: image46.wmf]| can be assumed as |
[image: image47.wmf]| ≤ 
[image: image48.wmf]. Then the timing misalignment caused by UE autonomous timing advance will also fall within the CP duration as in the regular timing advance case:
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[image: image52.wmf]  ≤ 
[image: image53.wmf].
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Hence the usage of non-synchronized random access procedure can be avoided during the LTE handover process. 
Appendix B: SC-FDMA Raw BER with Timing Misalignment in AWGN

We evaluate the SC-FDMA Raw BER (RBER) performance with timing misalignment in AWGN channel. If the timing misalignment is within the CP, the QPSK RBER performance does not degrade; if the timing misalignment exceeds the CP or passes the ideal RX timing of Node B, the QPSK RBER performance degrades severely. The performance result indicates that the timing misalignment has to be within CP for all RBs to obtain the theoretical QPSK RBER performance when Eb/No = 7 dB in AWGN channel. However, if the timing misalignment slightly exceeds CP, the performance can be improved with advanced algorithm which is under study. The simulation results are shown in Figure 3.
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Figure 3: RBER Performance with Timing Misalignment

The signal format of UL SC-FDMA is shown in Figure 4 and the simulation parameters are shown in Table 1.


[image: image55.emf]
Figure 4: Uplink SC-FDMA Simulation signal
Table 1 : The simulation parameters

	Parameters
	Value

	System BW
	1.25MHz(128 Samples)

	UE BW
	1.25MHz 

	CP Length
	9 Samples (4.7 us)

	Data Modulation
	QPSK

	Data Block Size
	2 RB each RB 37 Sub-carriers

	Pilot Pattern
	Zadoff-Chu CAZAC

	Pilot Block Size
	73 Sub-carriers

	CAZAC Length
	73

	Timing Offset
	+15 ~ -5 (including CP length)

	Channel Condition
	No fading, AWGN
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