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1 Introduction

The intra-LTE handover signaling sequence is already in a rather mature state and the agreed sequence can be found in TS 36.300. The baseline procedure assumes that the UE uses Random Access (RA) to access the target cell during the handover. However, currently there is no agreement in 3GPP yet on the potential optimizations that the standard should support to lower the interruption time, if this is deemed to be necessary, compared to what can be achieved with the pure RA based solution. In this contribution we evaluate the potential performance improvement that can be achieved with the dedicated RA preamble solution and argue that the reduction in the interruption time with this simple solution is already significant enough with little added complexity, which essentially makes it needless to consider more complicated solutions. The use of dedicated preambles for handovers also reduces the load on the RA channel ‎[2].
Therefore, we propose for RAN2 to agree on the dedicated RA preamble solution as an optimization mechanism for intra-LTE handover execution.

2 Handover Procedure
The signaling diagram of the intra-LTE handover procedure in accordance with TS 36.300 is shown in Figure 1.

Handover Preparation
As it has been agreed at the RAN3#55 meeting and also captured in TS 36.300 [1], the target eNodeB provides a transparent container in the Handover Request Ack message during the preparation, which includes all necessary information for the UE to access the target cell. The transparent container is sent from the source eNodeB to the UE included in the Handover Command. 

In case the target eNodeB provides a dedicated preamble for the UE to access the target cell, then it should be included in the transparent container (step #5).

The transparent container may also include information about the location of the RACH channel in the target cell. This information could tell the time offset of the RACH channel relative to the frame borders in the target cell. Since the UE already has DL synchronization, i.e., frame timing knowledge in the target cell, the knowledge about the location of the RACH slot within the radio frame could assist the UE to switch the cell at the right time, just before the RACH slot is coming in the target cell. Thereby, it is possible to avoid waiting time for the RACH slot after the switch, which would increase the interruption time.
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Figure 1: Intra-LTE handover sequence

Handover Execution

The source eNodeB orders the UE to execute the handover by sending the Handover Command message (step #6), which includes the transparent container received from the target eNodeB. Last downlink user data can be sent in parallel with the Handover Command in the same TTI and similarly last uplink data can be sent from the UE after receiving the Handover Command. The last UL transmission would also be used to acknowledge on HARQ/ARQ level the reception of the Handover Command. 

We note also that the UE may stay for a short while in the old cell even after having received the Handover Command, which could be the case, for instance, when the UE wants to schedule the cell switch just for the right time, i.e., just before the RACH slot comes in the target cell. To support such cases it is allowed to continue UL/DL data transmission for a short while even after the Handover Command has been sent.
Next the UE switches the radio interface (step #7), obtains DL time and frequency synchronization, which has been already obtained once at the handover measurements. Therefore, this delay should be negligible. Then, it waits for the next RA slot in the target cell. If the UE switching was optimized for the right time, i.e., just before the RA slot, then this waiting time could be zero.

The UE performs RA with the dedicated preamble (step #8), provided that it was given by the target eNodeB in the transparent container. (If no dedicated preamble was given in the container, the UE performs normal RA.) When the target eNodeB detects the preamble it can immediately identify the UE due to the dedicated nature of the preamble. (The reliable identification of the UE will be done based on the Handover Complete message.) 
The eNodeB responds with TA and UL grant assigned (step #10) and can start sending DL data to the UE at the same time, i.e., in the same TTI in which the TA and grant are sent. The UE can start UL transmission after the UL grant assignment has been received.
2.1 Interruption Time Estimate
The following table summarizes the estimated interruption time, assuming the use of the dedicated preamble concept. As it can be seen in the table, it is possible to achieve an interruption time as low as ~12 ms using the dedicated preamble based scheme. We note that this scheme not only keeps the interruption time low but it also guarantees that the interruption time will be deterministic. That is, we can avoid large worst case interruption times, which could otherwise occur in the case of regular random access as a result of potential collisions.  
For the delay calculations in the table we generally assume that the one way L1/L2 transmission time is made up of L1/L2 processing at the sender (1 ms) + transmission time (TTI=1 ms) + L1/L2 processing at the receiver, which is altogether 3 ms, i.e., RTT=6 ms. In case of RRC message we assume an additional 2 ms for the processing of the message at RRC level in the receiver.
	
	Delay
	Comment

	T1
	2 ms
	Time for processing the HO Command after it has been received on L1/L2.
(Receiving the HO Command on L1/L2 could be also the last time instant when DL data is received or alternatively the eNB may continue sending DL data after the HO Command, dashed line in the figure.)

	T2
	1+1 ms
	Sending the last UL data and ACK/NACK (L1/L2 processing sender + TTI)

	T3
	1 ms
	L1/L2 processing time of the last UL data at the eNB

	T4
	0+(0-10)+1 ms 
	Switching the radio (getting DL synch, already obtained ~ 0 ms) + waiting for the RA slot + sending the preamble

	T5
	5+1+1 ms
	Processing the RA transmission in eNB + sending first DL msg and data (L1/L2 processing + transmission time)

	T6
	2 ms
	Processing DL msg. TA and UL grant  and the first DL data

	T7
	1+1+1 ms
	Transmission time of the first UL msg  (L1/L2 processing + transmission) + processing in the eNB

	UL interruption
	T4+T5+T6+T7-T3
12-22 ms
	Depending on the waiting time for the RA slot.

	DL interruption
	(T2)+T4+T5+T6
12-22 ms
	Depending on the waiting time for the RA slot.
T2 can be omitted, if eNB keeps sending DL data even after the HO Command has been sent


Table 1: UP interruption time estimate
- assuming the dedicated preamble concept – 
3 Conclusion
It has been shown that with the dedicated preamble based handover access scheme it is possible to achieve very low interruption times (as low as ~12 ms) and to avoid large, worst case interruptions as well. We think that it would be very difficult and also costly in terms of complexity to decrease this interruption time even further. Moreover, it is hard to see the motivation from a performance point of view to strive for even lower interruption times. 
The dedicated preamble based concept also has the benefit of reducing the RACH load and thereby removing the need for over-dimensioning the RACH capacity for worst case handover intensity ‎[2]. Overall, we think that the dedicated preamble based handover access scheme is the best compromise in terms of performance and complexity.
Based on the above, we propose for RAN2 to agree on the use of the dedicated preamble based handover access as an optional scheme to improve handover interruptions and capture the corresponding changes in TS 36.300 according to the text proposal in the Appendix below.
4 References
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Assembly of Intra-LTE Handover Command, Ericsson, RAN3#55
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Appendix - Text Proposal to TS 36.300 -
We use the text captured in [1] as the baseline for the following text proposal.

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

10.1.2.1.1
C-plane handling:

The HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNodeBs. The release of the resources at the source side during the HO completion phase is triggered by the eNodeB.
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Figure 10.1.2.1: Intra-MME, intra-UPE HO

Below is more detailed description of the intra-MME, intra-UPE HO procedure:

0
The UE context within the source eNodeB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update. 

1
The source eNodeB entity configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNodeB entity may assist the function controlling the UE's connection mobility.

2
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification , etc.    
Note:
step 2 requires more detailed input from RAN1/2.
3
Source eNodeB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. 
4
 The source eNodeB issues a HANDOVER REQUEST message to the target eNodeB entity passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at soure eNodeB, UE S1 EPC signalling context reference, target cell ID, RRC context, SAE bearer context). UE X2 / UE S1 signalling references enable the target eNodeB to address the source eNodeB and the EPC. The SAE bearer context includes necessary RNL and TNL addressing information, QoS profiles of the SAE bearers and possibly the AS configurations of these bearers (FFS). 
5
Admission Control may be performed by the target eNodeB dependent on the received SAE bearer QoS information  to increase the likelihood of a successful HO, if the resources can be granted by target eNodeB. The target eNodeB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI.  
6
Target eNodeB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNodeB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as part of the Handover Command. The container may include new C-RNTI, a dedicated RACH preamble to be used by the UE to access the target cell and possibly some other parameters i.e. access parameters, SIBs, etc. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.   

Steps 7 to 13 provide means to avoid data loss during HO and these means are detailed in 10.1.2.1.2 and 10.1.2.3.

7
The source eNodeB generates the HANDOVER COMMAND (RRC message) toward the UE. The HANDOVER COMMAND includes the transparent container, which has been received from the target eNodeB. The source eNodeB performs the necessary integrity protection and ciphering of the message. The UE receives the HANDOVER COMMAND (new C-RNTI, possible starting time, dedicated RACH preamble, target eNodeB SIBs etc.) and is commanded by the source eNodeB to perform the HO. It is probable that UE needs to acknowledge reception of the HANDOVER COMMAND with RLC acknowledgment procedure.

8
After expiry of starting time in HANDOVER COMMAND, UE performs synchronisation to target eNodeB and then starts acquiring UL timing advance. If a dedicated RACH preamble has been provided in the transparent container, the UE should use the given preamble when accessing the target cell.
9
Network responds with UL allocation and timing advance.  
10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message (C-RNTI) to the target eNodeB to indicate that the handover procedure is completed for the UE.. The target eNodeB verifies the C-RNTI sent in the HANDOVER CONFIRM message. 
Note:
Acknowledgment of HANDOVER CONFIRM by the target eNodeB on RLC layer is FFS in RAN2
11
The EPC is informed that the UE has changed cell. The UPE switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNodeB.  

12
The EPC confirms the HANDOVER COMPLETE message with the HANDOVER COMPLETE ACK message.

13
By sending RELEASE RESOURCE the target eNodeB informs success of HO to source eNodeB and triggers the release of resources. The timing for the target eNodeB to send this message between steps 10 and 12 is FFS. 

14
Upon reception of the RELEASE RESOURCE message, the source eNodeB can release radio and C-plane related resources associated to the UE context. 

Note:
Details on updating of roaming/area restriction information within E-UTRAN in the course of the HO procedure are FFS
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