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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 [2]. 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 [3][4][5][6] 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 [7] (details on the timing advance adjustment and accuracy are included in Appendix A & B of [7]). 
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 [8] 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 modifications 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.

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 9.1.7.

10.1.2.2
Path Switch

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB. 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.

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the aGW 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 aGW may support re-ordering of uplink RLC SDUs during handover (operator control).

10.1.1.3
Handling in eNB

10.1.1.4
Handling above eNB

10.1.1.5
Mobility Management Entity (MME)

10.1.2.6
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, initial access in the target cell shall not require the non-synchronized PRACH procedure 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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