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1. Introduction

Solutions for connected mode mobility form LTE macro cell to HeNB are being currently discussed in RAN2 in email discussion [66b#5].

This paper addresses the issues raised in the email discussion regarding some of the proposals.
2. Candidate procedures for Reading SI
2.1. Basic Description
The following two procedure types have been discussed for reading SI (note that SI reading happens after the UE detects the PCI of the target cell):
Autonomous Gaps: UE acquires system information of target cell without gap scheduling by the serving eNB. This involves UE ignoring those subframes of the serving cell that overlap with the SIB (or MIB) of the CSG/hybrid cell.
· UE initiated SI reading: The operation of reading system information is initiated by the UE, without an explicit command from the network. However, there maybe a network policy about PCIs where SI reading is needed, or signal strengths where SI reading is needed

· eNB initiated SI reading: eNB sends a command to the UE to read the SI of the target cell, based on MRM received from UE, and potentially assisted by proximity indicator included by UE in MRM

Scheduled Gaps: Serving eNB schedules gaps for UE to acquire system information of CSG/hybrid cell. Gaps are scheduled for acquisition of SIB1 (and FFS for MIB).
· Timing Optimization: Within this solution, there are optimizations where the SIB reading gaps are time-aligned by the serving cell to the SIB timing of the target cell, based on UE report of the timing offset. 

2.2. Discussion
2.2.1. Interruption to traffic from serving cell

A discussion about the disruption caused by autonomous gaps is provided in [1]. While RAN4 is still discussing the exact number of sub-frames that could be lost, the following points about autonomous gaps are worth noting

· It is possible to read MIB without any gap at all (dependent on UE implementation)

· The only sub-frames lost from the serving cell are those that actually coincide with SIB (or MIB) transmission. Other sub-frames continue to operate as usual

· Given the SIB period of 20ms, only one of a sequence of successive HARQ transmissions will be disrupted by the autonomous gap. This give very high chance of successful packet transmission even if one sub-frame is lost

· For C-Plane messages or AM traffic, there is further RLC recovery, making the chance of message loss quite remote.
The interruption to VoIP type applications could be more significant for the scheduled gaps case.  There could be different types of scheduled gaps, and the following points about them are worth noting
· Scheduled gaps that time-align the gap to the SIB transmission of the target cell involve more messaging overhead and complexity. 

· Scheduled gaps that do not align to the SIB transmission of the target cell involve (i.e. continuous scheduled gaps that persist till SI reading is complete) the following issues

· Zero VoIP packets delivered during the gap (as opposed to most VoIP packets remaining unaffected with autonomous gaps)

· Additional latency to C-Plane messages during the gap (as opposed to most C-Plane messages unaffected with autonomous gaps)

· Additional scheduler complexity to deal with a new type of gap.

·  Scheduled gaps that use the existing Rel-8 6ms gap structure are not suitable for reading SIBs due to the high latency needed for the gaps to align with the SI from other cells.
Proposal 1: Agree that traffic interruption to serving cell is smaller for autonomous gaps, compared to scheduled gap methods that do not align the gap to the target’s SIB transmissions.

2.2.2. Network control of SI reading

There have been some concerns about the network ability to control the inbound mobility feature in case of autonomous gaps. We present two alternatives using which the network can precisely control the UE behaviour. 

Complete UE autonomy: The UE reads SI using autonomous gaps, based on a proximity indicator. Once reading is complete, if the UE is allowed at the target cell, the UE reports the SI details to the network

· (pro) Very small specification impact

· (pro) Easiliy incorporates proximity detection schemes at UE

· (Con) Does not work for prior unvisited cells that are important in an enterprise or campus case. 
· (Con) Does not work if the prior visited cell changed its PCI, or if there are other changes that cause a fingerprint miss.

· (Con) Less network control of feature. This can be addressed however by requiring the UE to perform no more than a certain specified number of autonomous SI readings per minute.
Policy guideline from network: The network provides policy guidelines to the UE regarding when autonomous gaps should be initiated. This guideline can include the PCI values where SI reading is needed due to PCI confusion or access control reasons. It can also include the measurement events (e.g. event A3 or other events) where the UE should initiate SI reading. The advantages of the policy guideline based method are as follows

· Allows the UE to initiate SI reading without waiting for a network command, and at the same time UE does not waste time reading SI from macro cells.

· (Pro) UE can start SI reading even while the TTT timer is running, making it possible to send the SI details in the initial MRM. Therefore, there is no duplication of MRM
· (Pro) Overall lower latency for SI details being reported to the network, resulting in higher chance of successful handover.

· (Pro) Network may choose to operate this  in an “eNB initiated SI reading mode” by configuring the event only after the initial MRM is received. This gives the flexibility to either favour high degree of network control, or configure the event in advance and allow some autonomy for the UE to read and report the SI early and thereby have a smoother handover. 
· (Con) Extra complexity of configuration for measurement report triggers

eNB initiated SI reading: Upon receiving a MRM from the UE, and potentially with the help of a proximity indicator sent by the UE, the network commands the UE to read SI using autonomous gaps.

· (Con) Round trip causes additional message and delay before the SI is read and SI details are sent to the network. 
· (Pro) Network awareness of general timeframe when autonomous gaps are used by UE, leading to optimizations such as allowing more HARQ attempts

Proposal 2: Discuss the above methods and adopt one of them as a working assumption for continued discussion of the autonomous gap framework.

2.2.3. Reliability of feature

Another concern that has been raised corresponds to reliability of the autonomous gaps solution, particularly given the desire to have inbound mobility operate reliably for all UEs in the market. Thus, some performance guidelines could be provided for the gaps taken by the UE
· For each SI reading operation, require the UE to take no more than ‘N’ attempts at SI reading. ‘N’ could be specified in RAN4, or if we select the eNB initiated SI reading option, ‘N’ could be provided by the eNB.
· RAN4 or RAN5 should test the UE procedures for reporting of SI, and also make sure that no more than a certain fraction of sub-frames are lost in the process.

Proposal 3: Agree that for the autonomous SI reading method, there will be performance requirements and tests for the UE.

3. Conclusion
Several proposals were presented to make progress on the inbound mobility work. The pros and cons of the various options were discussed.
Proposal 1: Agree that traffic interruption to serving cell is smaller for autonomous gaps, compared to scheduled gap methods that do not align the gap to the target’s SIB transmissions.
Proposal 2: Discuss the above methods and adopt one of them as a working assumption for continued discussion of the autonomous gap framework.

Proposal 3: Agree that for the autonomous SI reading method (if adopted by RAN2), there will be performance requirements and tests for the UE.

4. References
[1] R2-093980 “Analysis for UE based hand-in approach”, Samsung, RAN WG2 #66
bis
3

