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1 Introduction
The issue of whether to report timing information of the target cell to the serving eNB to minimize packet loss during inbound handover procedures is FFS. This contribution considers the benefits and drawbacks of such reporting.
2 Discussion
Reporting of timing information of the target CSG cell has been discussed in RAN2#67 and RAN2#67bis [1] [2] [3]
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[5]. In RAN2#67bis it was agreed that autonomous gaps will be used for System information acquisition [1]. The need for using timing information of the target cell to minimize loss of packets is FFS. 

RAN4 sent a response LS to RAN2 (R2-096212) answering some questions that RAN2 asked RAN4 in R2-094096. The main aspects mentioned in the LS response are:

· Interference co-ordination can be used to minimize interference from macro cell to H(e)NB. 

· Uplink interference from HeNB UEs to macro cell is not a significant issue: uplink interference management techniques are available.

· RAN4 recommends design of inbound mobility procedures for LTE with the assumption that SI acquisition requires at least 4 MIB repetitions and 4 SIB1 repetitions. This is needed to ensure a robust system design and give the network flexibility on when to perform handover.

· RAN4 is somewhat uncertain if it is feasible to define minimum performance requirements for impact to communications with serving cell due to SI acquisition.

 The attractiveness of the autonomous gaps scheme is based on the following assumptions:

· The System information could be acquired quickly (ideally the MIB and SIB1 could each be acquired in a single transmission, leading to gap of no more than 30 ms).
· The specification impact for the autonomous gaps approach is lower. This is based on the assumption that packet loss when the UE is trying to receive system information is acceptable.
However, given the need to design for at least 4 MIB and 4 SIB1 repetitions, we note the following. Two MIB repetitions followed by two SIB1 repetitions can take up to 70 ms. If 3 MIB transmissions followed by 3 SIB transmissions are needed, the gap duration required is about 100 ms [6]. The corresponding number for 4 MIB and 4 SIB1 transmissions is 140 ms. Furthermore, for handover from an LTE macro cell to a UMTS HNB, the gap durations to acquire MIB, SIB1 and SIB3 are considerably longer.
2.1 Autonomous Gaps and Timing Information of Target cell
With the autonomous gaps approach, the eNB orders the UE to acquire MIB and SIB1 of a particular target cell. The UE, having already acquired the frame timing of the cell - due to previous detection of the cell and measurement reporting, tries to acquire its MIB first and then SIB1. MIB and SIB1 are transmitted at predetermined times with respect to the frame timing, and the UE’s absence on the serving cell is only in those subframes where the target cell transmits MIB/SIB1. 
If the serving eNB does not know when the MIB/SIB1 transmissions occur on the target cell we would have the following consequences:

· eNB transmissions to the UE can be wasted because the UE is trying to acquire SI of the target cell. The eNB would need to retransmit the packet, which leads to not only wasted air interface resources but also to delays. Additionally, there is the possibility of the UE missing C-plane messages due to SI acquisition.
· If eNB transmits a packet to the UE and does not receive an Ack/Nack, it does not know whether the UE was not able to decode the PDCCH or did not attempt to receive the packet due to SI acquisition of the target cell. Such occurrences can cause eNB to assume there is a radio link problem and take counter measures (e.g. PDCCH power boosting). Then we would have wasted time frequency resources and increased interference to neighbor cells (including the CSG cell of which the UE is trying to acquire SI!).
· On the uplink, if the eNB does not receive a scheduled transmission from the UE, the eNB cannot determine whether the UE did not transmit or whether the UE’s transmission was not detected due to other reasons such as interference. The eNB may unnecessarily take counter measures. Alternatively, if the UE does not attempt SI acquisition in subframes where an uplink transmission is scheduled, then it can introduce significant delay in acquiring SI (especially because only MIB transmissions within the same 40 ms TTI can be combined).

· One other option would be that the eNB does not schedule the UE after ordering the UE to acquire SI until the completion of the SI acquisition. In the presence of significant interference to the CSG/hybrid cell signal, this can mean a substantial amount of time [7]. Such an approach would then cause significant interruptions. Even if a fixed time limit is used for the SI acquisition, it is hard to pick a time limit that works in all conditions (and will therefore have to be conservative and long).
If the timing information is available to the eNB it has several options: (a) it can avoid scheduling the UE during the subframes in which the UE may be attempting SI acquisition, (b) it can reschedule transmissions that collide with the subframes in which the UE may be attempting SI acquisition, (c) in general, by knowing the times when the UE may be attempting SI acquisition, it can avoid radio resource related counter measures, and (d) it does not have to use lengthy gaps for SI acquisition. Therefore we think it should be possible to use target cell timing information for SI acquisition using Autonomous gaps.
Proposal: It should be possible to use target cell timing at the serving eNB to avoid wasting radio resources during SI acquisition using Autonomous gaps. 

2.2 Other considerations
One question that naturally arises when considering reporting of timing information is the additional overhead due to reporting of the timing information. If the timing difference is reported in units of symbol periods, then the number of bits required is 8 (with 14 symbols per subframe, there are 140 symbols in a radio frame). However, it should be noted that the timing information only needs to enable the eNB to determine the subframes which overlap the MIB/SIB1 transmissions of the target cell. Thus, for example, if the eNB knows that the timing difference is greater than 2 ms but less than 3 ms, it can determine that subframes 2 and 3 of the serving cell overlap subframe 0 of the target cell. Thus it may be possible to make the number of bits for timing information yet smaller.
Another question that arises is when (under what circumstances) the UE reports the timing information. Given that handover to allowed CSG cells and preferred hybrid cells is based on fingerprints, the UE could include the timing information in a measurement report when it observes a fingerprint match. For handover to non-preferred hybrid cells, the network could request the timing information from the UE. Alternatively the network could configure when or for which cells the UE should send the timing information. The overhead due to either of these approaches is likely to be relatively small.
3 Conclusion
We have outlined the need for timing information for SI acquisition in during acquisition of target cell system information. RAN2 is requested to discuss and agree on the following proposal:
Proposal: It should be possible to use target cell timing at the eNB to avoid wasting radio resources during SI acquisition using Autonomous gaps.
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