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1. Introduction

This document discusses access operations during LTE handover (HO) to minimize the interruption period and unnecessary use of physical resources resulting from the use of non-synchronized random access procedure. This contribution addresses questions 3 and 4 in the RAN 1 liaison statement to RAN 2, Response to RAN2 LS on Synchronization at Handover [4].

2. Background

During the LTE handover process, uplink (UL) timing advance (TA) 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 and gaming, etc. Too often scheduling of the random access in UL will also cause a waste of radio resources and unnecessarily increase the collision rate. Now RAN discussions and the LTE requirements TR indicate rather tight requirements for handover delays and interruption times. Therefore, we think it is important to minimize the interruption time and the required signalling overhead resulting from UL timing advance adjustment in the target cell during LTE handover.  
There are some questions arising from the operations to achieve above design goal, these questions are given as LS by RAN2 to RAN1 and they are answered in [3] [4] by RAN1. Below are the responses and discussions to questions 3 and 4 in [3] [4] for reference.

“Question 3:

Is it possible that the UE calculates the TA of the target cell based on the TA of the source cell, measurements from the target cell and the known timing difference between source and target cell?

Response & Discussion:

Again, RAN1 does not see any fundamental problems with this. The increased system complexity can be seen as a drawback of the method. 
……

Question 4:

Under which conditions is it possible for the target cell to estimate the timing advance based on UE transmissions to the source cells.

Response & Discussion:

RAN1 doesn’t see this as a feasible solution. As an example of the difficulties, to obtain the estimate, the target cell should know the UE UL resource allocations in the source cell and the target cell could not allocate the corresponding resources to any other UE. Moreover, the uplink timing and power at the target cell are inaccurate. In the end, the non-synchronized RACH for initial timing estimation is more efficient solution.”
3. Discussion

Non-synchronized random access will cause latency and has a resource efficiency problem as shown in [2]. The latency in non-synchronized random access is mainly caused by the waiting time after a UE is ready to transmit for UL synchronization and before the random access slot occurs in the frame structure, as well as time spent in collision resolution. The amount of resources needed to achieve a reasonable delay could be very high in an actual deployment. 
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 an adverse impact to handover of real time services such as VoIP, gaming, etc, or handover during high mobility cases.
Realizing the disadvantages, several contributions [5][6][7][8][9][10][11][12][13][14] are proposing not to use non-synchronized random access for UL transmission for 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. 
Several non-contention based options are proposed in [9][10]. “The non-contention based access burst procedure can be seen as a method for minimizing HO delays and interruption times during HO execution. This can be achieved by using a short access burst followed by a normal transmission on UL SCH [10].” In the first option in [10], the UE uses RACH to get the TA. “In order to limit the contention NW allocates a UE specific preamble sequence to be used in RACH channel [10]”. In the second option, “After reception of HO COMMAND (possibly with starting time) UE switches to the new cell and starts listening to PDCCH for UL allocation where UE would then send access burst. The UL allocation is directed to the UE with a CRNTI that UE has received in the HO command. Structure of the access burst in non-contention based HO can be similar to the one used in normal RACH [10]”. In the third option, “In the HO COMMAND NW gives a UL allocation(s) which is used by the UE to send access burst [10].” 
The proposed solutions in [10] try to make access contention free, which we agree with, but we can see all three solutions require a TA procedure in the target cell. The TA procedure even with the reduced or eliminated collision probability in target cell will always introduce additional interruption time and require additional physical resource to be dedicated to the UE. As identified in [8], “it either requires extra dedicated resources reserved for HO in UL frame, or reserved signatures to be used in the non synchronized RACH (NSRA).” These three solutions require extra radio resources for sending the access burst and the TA procedure in the target cell will always introduce some interruption time. Therefore, we agree that non-contention based access in the target cell is preferable, but the interruption time and the resource requirement for the target cell’s TA procedure should be avoided when possible.
An optimized HO method is proposed in [14] to reduce the HO latencies in an intra-LTE inter-eNB scenario. This method has combined the benefits of different approaches proposed by [7][9][12] “as the methods were complimentary and each was better than others in specific different conditions. The optimized method aims to ‘pre-synchronize’ in parallel with the context transfer process between eNBs. It attempts to use the implicit TA computation method if possible. If not, the method then attempts to use pre-communicated (between eNBs) reserved signatures/contention free access opportunities, or a contention based NSRA access if the contention free opportunities are not available” [14].
We agree with [14] that due to the technical benefits, the method proposed in [12] should be used at the beginning of the non-contention based HO procedure since “this is one of the most efficient methods in terms of latency and overhead of UL synchronization and initial UL allocation during handovers” [14]. But we want to point out that the proposed method by [12] also work in asynchronous networks when the relative time difference between source and target eNB is known.
As described above, each solutions requiring a TA procedure in the target cell increases interruption delay and requires additional resources. But when the source and target calls are not synchronized or the relative time difference is not known one of these alternatives is needed. In this case our preference would be to take one on the non-contention solutions proposed in [10]. Additionally, if a non-contention based resource solution as described in [10] is not available then a contention based RACH procedure is necessary as a fallback solution, potentially as described in [14]. 
4. Proposal
We propose that the UE calculates the timing advance of the target cell based on the timing advance value of the source cell, measurements from the target cell and the known timing difference between the source and target cell if it exists. Then the UE can autonomously perform timing advance during handover. For the proposed solution, it is answered in response to Question 3 in [3][4] that “Again, RAN1 does not see any fundamental problems with this.”
The detailed feasibility analysis on the timing advance adjustment and accuracy are included in appendices A & B. From the analysis it can be seen clearly that the proposed solution only needs to calculate timing advance value and the calculation complexity is very similar to the TA procedure which is not a big issue as concerned in the response to Question 3 in [3][4]. The proposed solution needs no extra radio resource requirement and very limited signaling support. Most importantly the proposed solution can greatly reduce the interruption period with acceptable TA accuracy.
As shown in equation (3) in [12] (for the convenience of discussion, we also include it in the Appendix A here), the UE can estimate the timing advance 
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By aligning the denotations between equations in  [3]  and  [12] (i.e., let 
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) we obtain that the timing advance estimation method described in [12] is exactly the same as that described in Question 3 of [3], which is given by:
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All of the parameters used in this method can be obtained with low complexity. The UE can obtain the measured downlink timing difference 
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 between source and target eNB i and j through (non-initial) cell search. The transmit timing difference (
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) between source and target eNB i and j could either be sent through the broadcast message or be signaled by the source eNB in the handover command. Hence, it is obvious to conclude that the potential increased system complexity mentioned in [4] is small. 
From above analysis we can see that by employing a UE autonomous TA procedure as described above, upon entering the target cell, the UE may avoid applying a target cell TA procedure, and may directly apply the UL shared channel for initial access to the target cell. There are several potential methods on 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. This is therefore not further discussed in this proposal. 
Please refer to Appendix A and B for a detailed feasibility analysis and a simulation result for UE autonomous timing advance during LTE handover.
5. Conclusion 

We propose to use UE autonomous timing advance adjustment procedure during handover when the source and target cells are synchronized or the timing difference between them is known. In that way the initial access in the target cell may directly apply the UL shared channel. The proposed procedure will reduce the target cell access latency, interruption in ongoing transmissions and unnecessary radio resource demands with less complexity and signaling overhead then other alternatives. When source and target cells are not synchronized or the relative time difference is not known, a non-contention based resource may be allocated or when not available a contention based resource may be used for TA determination in the target cell.  
6. Text Proposal 
It is proposed to add the following description to [1].
-----------------------------------Start of text proposal-------------------------------------

10.1.2
Mobility Management in LTE_ACTIVE
10.1.2.1 Handover
The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO, with HO preparation signalling in E-UTRAN. The figure below depicts the basic handover scenario where neither MME nor UPE changes and target cell re-synchronization is required:
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Figure 10.1.2.1: Intra-MME/UPE HO

Below is more detailed description of the intra-MME/UPE HO procedure:
1
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. The eNB prepares target eNB for handover and passes relevant information in the Handover Request. Relevant information includes the QoS profiles of the SAE bearers and possibly the AS configurations of these bearers (FFS).

3
Target eNB prepares HO with L1/L2 and responds to source eNB by providing new C-RNTI and possibly some other parameters i.e. access parameters, SIBs, etc.  After reception of accepted preparation of HO, source eNB starts forwarding data packets to target eNB.

4
UE receives HANDOVER COMMAND with necessary parameters i.e. new C-RNTI, possible starting time, target eNB SIBs etc. It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure.

5
After expiry of starting time in HO COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

6
Network responds with UL allocation and timing advance.  These are used by UE to send HANDOVER CONFIRM to the target eNB, which completes handover procedure for the UE. It is probable that NW needs to acknowledge reception of the HO CONFIRM with RLC acknowledgment procedure.

7a
Target eNB informs success of HO to source eNB, which can then clear already forwarded data from its buffers. Source eNB still continues forwarding UE data if it has some in its buffers or if UPE still forwards data to it.

7b
UE location information is updated to MME/UPE in order to enable UPE to forward packets directly to target eNB 

The handling of outstanding uplink and downlink data upon inter-eNB handover is described in 10.1.2.3.

10.1.2.2
Path Switch

10.1.2.2 Data forwarding
Upon handover, the source eNB forwards all downlink RLC SDUs that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation  The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink RLC SDUs forwarded by the source eNB as soon as it obtains them. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS. The optimisation, to only re-transmit the downlink RLC SDUs not successfully received by the UE, is FFS.

Re-ordering of downlink RLC SDUs during handover is provided by the re-ordering function at the UE PDCP layer and can be activated at least during inter-eNB mobility. 

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the UPE and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB neither forwards uplink RLC SDUs nor the uplink RLC context to the target eNB. If needed, the PDCP within UPE may support re-ordering of uplink RLC SDUs during handover (operator control).

10.1.2.4
Handling in eNB
10.1.2.5
Handling above eNB
During UPE relocation procedure, the header compression entity is restarted and no context related to header compression is transferred (FFS).
10.1.2.6
Mobility Management Entity (MME)
10.1.2.7
Timing Advance
In RRC_CONNECTED, it remains FFS whether the timing advance is permanently maintained or not. If not, MAC knows if the L1 is synchronised and which procedure to use to start transmitting in the uplink (FFS for RRC).

In the case of serving cell change, when source and target cells are synchronized or the relative time difference is known to the UE, UE autonomous TA adjustment is performed, and initial access in the target cell shall not require a timing advance procedure in the target cell to maintain synchronization. 
Cases where the UL synchronisation status may move from “synchronised” to “non-synchronised” include:
-
Expiration of a timer;

-
Non-synchronised handover;

-
Explicit request by MAC or RRC in the eNB;

-----------------------------------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 
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 denote the timing at the Node B i, and 
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 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 
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/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.
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Figure 1: Propagation Delay and FSP Timing

The downlink timing that the UE detects for Node B i is 
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 is the difference between arrival time of the FSP in downlink and propagation delay when the timing detection was performed. The 
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 part depends on the frequency and environment. The FSP of uplink signal will arrive at the Node B i with a uplink delay of 
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 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:
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, 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;  
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, 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 
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where 
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is the CP length.
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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 
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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
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Therefore, the maximum timing misalignment after performing TA adjustment to target Node B j can be expressed as: 
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where  |
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| is the timing error caused by the channel profile of Node B i.

In order to support the autonomous timing advance method, |
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. 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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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.
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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


PAGE  
1

_1219686549.unknown

_1219694550.unknown

_1232120070.unknown

_1232200697.unknown

_1232200767.unknown

_1232200838.unknown

_1232200902.unknown

_1232200701.unknown

_1232200667.unknown

_1220108933.unknown

_1220172015.vsd
User k SC-FDMA symbol  


Time 


FFT timing


User q SC-FDMA symbol  


User m SC-FDMA symbol  


CP 


CP 


CP 


Max misalignment 


User p SC-FDMA symbol  


CP 



_1220108963.unknown

_1220108604.unknown

_1220106761.unknown

_1220108579.unknown

_1220106736.unknown

_1219747763.vsd
Dummy Data 1


CP


Data


CP


Pilot


CP


Dummy Data 2


CP



_1219688034.unknown

_1219689155.vsd
Node B


UE


ΔDL,i


ti + pi


pi


Multipath channel


FSP


Threshold of significant paths


ti



_1219694536.unknown

_1219694541.unknown

_1219688043.unknown

_1219687878.unknown

_1219675667.unknown

_1219684215.unknown

_1219676459.unknown

_1219676939.unknown

_1219677501.unknown

_1219676914.unknown

_1219676108.unknown

_1219675675.unknown

_1219675699.unknown

_1219672374.unknown

_1219675614.unknown

_1219675635.unknown

_1219675646.unknown

_1219672375.unknown

_1216477151.unknown

_1219671143.unknown

_1219672200.unknown

_1216627813.unknown

_1216477085.unknown

_1216477091.unknown

_1208961803.vsd
Legend


packet data


UE


packet data


Target eNB


Detach from old cell and synchronize to new cell


Deliver buffered and in transit packets to target eNB


3. Context Confirm (new C-RNTI…)


6. Handover Confirm


7a. Handover Completed


7b. UE Update to MME/UPE


1. Measurement Reports


eNB makes HO decision to move UE to a Cell in Target eNB


2. Context Data (UE RAN Context)


4. Handover Command (new C-RNTI...)


 DL allocation


deliver user data (i)


Flush DL buffer, continue delivering in-transit packets


packet data


 UL allocation


Store UE RAN Context, 
reserve C-RNTI


Source eNB


MME/UPE


Buffer packets from Source eNB


5. Synchronisation


 UL allocation + TA for UE


packet data


deliver user data (ii)


Path Switching


packet data


L3 signalling


L1/L2 signalling


User Data



