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1. Overview
This paper presents a description open issues, and some proposed way forwards on various open issues for inbound mobility to HeNB. 
The following issues are addressed

1. Reading SI in DRX

2. eNB options for SI reading initiation in intra-freq case
3. Information reported by the UE
4. Autonomous gaps vs Scheduled Gaps

5. Stopping of SI reading.

2. Discussion

2.1. Resolving FFS about Reading of SI in DRX periods

It is already agreed that in case DRX gaps are available for the UE to acquire SI information:

If the UE has already acquired the additional SI information when reporting the PCI, he may immediately provide it. FFS how the network configures for what cells this applies.

The advantage of  SI reading during DRX gaps is to (a) reduce latency of handover because SI can be reported in the first MRM (b) reduce the number of instances the network has to invoke SI reading explicitly. Thus it is preferred to use SI reading in DRX gaps whenever possible. 

To resolve this FFS, there are the following options (not mutually exclusive) for SI reading in DRX periods
1) If the UE detects proximity to a member HeNB, it performs SI reading. Detection of proximity is implementation dependent.
 

2) UE is assisted in SI reading by network providing a list of cells (PCI) where SI reading should be performed. This is useful for mobility to hybrid cells, prior unvisited member cells, and cells where proximity information may have changed.

3) Stronger form of (2) with should replaced by shall. If this option is selected, some requirement needs to be specified regarding the cell strength of the target cell where the UE will be able to perform this SI reading.
To avoid the extra complexity of (3), it is proposed to adopt options 1 and 2.
Proposal 1a: Allow the UE to perform SI reading during DRX gaps in an implementation dependent way. UE should do such reading when it detects proximity to a member HeNB. 

Proposal 1b: UE is assisted in SI reading by network providing a list of cells (PCI) where SI reading should be performed. This is useful for mobility to hybrid cells, prior unvisited member cells, and cells where proximity information may have changed. 

2.2. eNB options for SI reading initiation for intra-freq case

It is already agreed that the UE may send a proximity indicator to the network to assist in inter-freq handover, and the network may use this indicator to create measurement gaps for the UE. In the intra-freq case also, there is a chance that a proximity indicator could be useful. (Refer to section 2.5 of email discussion LTE inbound mobility)
Scenario: A UE moves closer to an intra-freq HeNB, and for some reason the UE is unable to read or report the SI the network (e.g. no DRX gaps confirmed). As the UE gets close to the CSG cell, normal measurement reports will be triggered (as per agreement that measurement reports are not suppressed). The network will have the choice (under current agreements) to:
· take no action, or

· request SI reading for each CSG cell seen by the UE, or 
· initiate inter-RAT/freq handover whenever the UE gets close to any CSG cell, or
If the above are not acceptable, then some form of UE assistance in the form of an intra-freq proximity indicator can be considered.
Advantages of not having a proximity indicator: 

· Handover decisions can be based on actual SI reading, rather than proximity indicators that may not always be reliable
· Do not have to worry about error scenarios when proximity indicator is wrong

· Makes the inbound mobility feature dependent on proximity indicator implementation in the UE. While this may be acceptable for inter-frequency handover, is it also acceptable for the more critical case of intra-frequency handover?

· Based on PCI split, network can initiate SI reading at different points for hybrid or closed cells.

Advantages of proximity indicator based approach:

· Reduce the number of SI readings performed by the UE
Questions for further study about proximity indicator based approach

· If the UE’s proximity indicators are not accurate, inbound mobility to HeNB may not work. Is this acceptable?

· Is the proximity indicator specific to a reported PCI? It should be, so that the eNB can command the UE to read SI of the appropriate cell.

· Is the UE expected to send a proximity indicator even if none of the configured MRM triggers become active?

Proposal 2: It is proposed that the above pros and cons of introducing a proximity indicator for intra-freq case be discussed.

2.3. Information reported by the UE
While it is agreed that the UE provides an initial access check, TAC and CGI,  the format of the initial access check is not yet agreed. We propose some specifics. (Also, refer to section 2.5 of email discussion LTE inbound mobility).
It is agreed that a hybrid cell of which the UE is not a member is a normal cell to the UE.

Proposal 3a: Initial access check indicator should not be included for a hybrid cell of which the UE is not a member.

It is agreed that a hybrid cell of which a UE is a member appears as a CSG cell to the UE. Also, for a CSG cell, the UE is expected to provide an initial access check.

Proposal 3b: Initial access check indicator is included for CSG cells and hybrid cells of which the UE is a member. The indicator is set to ALLOWED if the CSG ID matches the UE’s allowed CSG list, and should be set to NOT_ALLOWED otherwise.
There is also the issue of whether the UE is able to report the CSG ID. Since the CSG ID is present in SIB1, the UE will have the information available, and it is feasible for the UE to report it. However, the discussion about the advantages of reporting CSG ID should happen in RAN3.

Proposal 3c: RAN2 should reply to RAN3 that reporting of the CSG ID is feasible, and RAN2 will provide this reporting if RAN3 decides it is needed. Discussion about the benefits of reporting CSG ID should happen in RAN3.

2.4. Autonomous vs Scheduled Gaps

For gaps for SI reading, there are three solutions under discussion:
Autonomous gaps: After receiving a command from the eNB, the UE reads SI of the target cell. The eNB is not aware of the subframes when the UE is reading the SI. 

Scheduled Gaps (simple): The eNB provides a gap to the UE, during which time the serving eNB does not send any packets to the UE. The UE uses this time to read the SI of the target.

Scheduled Gaps  (Optimized): The UE feeds back the timing offset of the serving and target cells, allowing the creating of a smaller scheduled gap that coincides with the timing of the SI at the target cell.

The table below lists the relative advantages and disadvantages of these options.

	Feature
	Autonomous Gaps
	Scheduled Gaps (Simple)
	Scheduled Gaps(Optimized)

	Complexity
	

	Signalling complexity
	Simple (one message)
	Simple (one message)
	Complex (multiple messages)

	Testing/inter-op complexity
	Simple (single test is sufficient)
	Simple (but needs to be tested with different gap duration assigned by different eNB implementations).
	Testing of timing feedback is complex.

	UMTS Specific Aspects
	

	Applicability to inter-RAT
	Common signalling irrespective of target RAT
	Scheduled gap length has to be tailored to target RAT
	Scheduled gap and timing feedback has to be tailored to target RAT

	Power control impact (when serving RAT is UMTS) 
	Negligible impact on power control
	Power control un-sync after the gap is over
	Negligible impact on power control.

	Effect on Traffic 
	

	VoIP packets during SI reading
	Small/No Loss
	All packets delayed or expired 
	No loss

	Best effort packets during SI reading
	eNB decision to schedule packets (with slight increase in PHY frame error rate that is recovered by HARQ or RLC), or to not schedule packets until SI reading complete
	All packets delayed
	No loss

	Network control of UE behaviour
	

	Network Control of Autonomous gaps 
	eNB initiated
	eNB initiated
	eNB initiated

	Feature testing
	Minimum performance test has to be specified
	Minimum performance test has to be specified
	Minimum performance test has to be specified


Proposal 4: If RAN4 determines that autonomous gaps are viable, then autonomous gaps should be adopted as the SI reading solution, due to their simplicity and other advantages stated above.
2.5. Stopping of SI reading
One of the open questions is when a UE stops SI reading (Refer to section 2.8 of email discussion LTE inbound mobility). There are two sub-cases here (a) UE autonomous SI reading in DRX gaps (b) eNB initiated SI reading.
Proposal 5a: When eNB has not explicitly requested SI reading, the UE may stop SI reading as per implementation.

For eNB initiated SI reading, the important point is for the network to be able to trust the SI reading function at the UE. As long as the UE complies with minimum requirements for SI acquisition it should be up to UE implementation to determine when to stop SI reading. It is our understanding that such requirements will be defined in RAN4/5 for the inbound mobility feature, and will likely include some time limits for SI acquisition. 
Proposal 5b: When eNB has explicitly requested SI reading, the UE may stop SI reading as per implementation, as long as the UE complies with the minimum performance requirements for SI reading.

Also, we don’t view the SI reading issue as a high priority, and if the group agrees, we are okay to discuss it after the SI reading mechanism is decided.

3. Summary

The following proposals were made.

Proposal 1a: Allow the UE to perform SI reading during DRX gaps in an implementation dependent way. UE should do such reading when it detects proximity to a member HeNB. 

Proposal 1b: UE is assisted in SI reading by network providing a list of cells (PCI) where SI reading should be performed. This is useful for mobility to hybrid cells, prior unvisited member cells, and cells where proximity information may have changed. 

Proposal 2: It is proposed that the above pros and cons of introducing a proximity indicator for intra-freq case be discussed.

Proposal 3a: Initial access check indicator should not be included for a hybrid cell of which the UE is not a member.

Proposal 3b: Initial access check indicator is included for CSG cells and hybrid cells of which the UE is a member. The indicator is set to ALLOWED if the CSG ID matches the UE’s allowed CSG list, and should be set to NOT_ALLOWED otherwise.

Proposal 3c: RAN2 should reply to RAN3 that reporting of the CSG ID is feasible, and RAN2 will provide this reporting if RAN3 decides it is needed. Discussion about the benefits of reporting CSG ID should happen in RAN3.

Proposal 4: If RAN4 determines that autonomous gaps are viable, then autonomous gaps should be adopted as the SI reading solution, due to their simplicity and other advantages stated above.

Proposal 5a: When eNB has not explicitly requested SI reading, the UE may stop SI reading as per implementation.

Proposal 5b: When eNB has explicitly requested SI reading, the UE may stop SI reading as per implementation, as long as the UE complies with the minimum performance requirements for SI reading.
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