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1 Introduction
Layer 2 handling of handover complete and its impact on handover interruption was discussed at RAN2#60. It was agreed that:
1. No special handling is required for MAC, RLC and PDCP.

PDCP includes MAC-I and SN; RLC AM is used; Normal MAC subheaders are used;

2. In order to accelerate procedure in case of dedicated signature case, it should be possible for eNB to allocate a grant to UE in parallel with Message 3 transmission (e.g. grant is sent to UE in next subframe of Message 3 transmission subframe).

The detailed mechanism or behaviour for 2 was left FFS however. It was understood from the second agreement above that delays due to the segmentation and Hybrid ARQ retransmissions should be limited where possible. This contribution discusses different options for limiting these delays and, consequently, also the handover interruption.
2 Acceleration of Handover Complete transmission
Typically a 72-bit restriction is considered for msg3. However, a msg3 including a HO Complete message does not fit in 72 bits. Hence, the 72-bit restriction needs to be somehow overcome for signaling of HO Complete.

In addition to the RAN2#60 agreements indicated above it has also been agreed that

3. The allocation for the first UL transmission on UL-SCH can be variable size.
Given that the UE can signal need for a ‘small’ or a ‘large’ grant by means of picking a preamble from one of two preamble groups, the ’72-bit’ restriction typically considered for msg3 can be circumvented, either:

1. by means of RLC segmentation; or

2. by allowing more MAC (HARQ) retransmissions for messages larger than 72 bits (the 72-bit limit is understood to be the result of allowing 2 retransmission)
The pros and cons of the two approaches and ways to accelerate them are discussed in the following two subsections.

2.1 RLC Segmentation

RLC segmentation comes at the expense of requiring signalling of additional UL grants on PDCCH and resulting in more header overhead. Although an extra UL grant can be signalled early enough by signalling it in parallel with msg3 transmission, the additional PDCCH load is clearly undesirable since PDCCH resources are rather scarce. In fact, capacity and PDCCH load was one of the decisive factors for needing support for multiplexing of RA Responses on DL-SCH. The additional PDCCH signalling can, however, be avoided by letting the eNB indicate e.g. a grant multiplicity or repetition factor in the RA Response. For contention-free access, the eNB knows when to issue a grant with multiplicity larger than one since it knows to which UE and for which purpose the preamble was assigned. For contention-based access where this information is not known before the random access attempt, the information could be conveyed to the eNB by means of the two preamble groups. E.g., when having a large message, the UE could pick the preamble from a different preamble group than it would otherwise do.

2.2 HARQ retransmissions
Handling of the message size with MAC HARQ retransmissions instead of with RLC segmentation significantly reduces the L2 protocol overhead. This advantage was found important also for transmission of BCCH (in the DL).

Allowing more HARQ retransmissions comes at a potential expense of extra delay due to additional HARQ RTT(s). However, this drawback can be mitigated by bundling of TTIs and performing (some) retransmission(s) immediately after the initial transmission without waiting for initial HARQ feedback. This effectively reduces latency with 7ms for each bundled retransmission. This scheme was also proposed for addressing UL power limitation issues in ‎[1]. The bundling of TTIs can be efficiently controlled with the RA Response where the eNB can indicate the retransmission mode. 
For contention-free access, the eNB can determine the bundling mode based on knowing to which UE and for which purpose the preamble was assigned. For contention-based access where this information is not known before the random access attempt, eNB could be provided with information by means of selection among the two preamble groups. E.g., when having a large message, the UE could pick the preamble from a different preamble group than it would otherwise do.

Note that, wisely used, TTI bundling can significantly reduce the latency of msg3 also for cases where msg3 is small (i.e. fits within the 72-bit limit) and hence improve RA procedure latency in general and IDLE(CONNECTED transition latency in particular.

3 Summary
In this contribution, acceleration of Handover Complete signalling was discussed. The pros and cons of RLC segmentation and MAC retransmissions, with and without acceleration, respectively, are summarised in Table 1.
Table 1: Pros and cons of the discussed HO Complete signalling schemes.

	Scheme
	Latency
	Overhead
	Complexity
	Comment

	
	
	PDCCH
	L2
	RA Resp
	
	

	RLC segmentation
	extra grant on PDCCH
	medium
	large
	medium
	none
	none
	

	
	multiple grant in RA Response
	medium
	
	medium
	small to medium
	some
	RA response overhead uncertain due to grant encoding still FFS.

	MAC retransmission
	extra HARQ re-tx
	large
	none
	none
	small
	none
	

	
	TTI bundling
	small
	none
	none
	small
	some
	Can improve C-plane latency in general. Allows more flexible msg3 size.


4 Conclusion

Based on the above discussion, we propose to:

· Accelerate msg3 transmission by means of TTI bundling.

· Indicate the transmission acceleration with the RA Response.
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