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1. Introduction

Solutions for connected mode mobility form LTE macro cell to HeNB are being currently discussed in RAN2. Several network and UE assisted solutions have been proposed with no clear consensus about which set of solutions to choose from. RAN3 has informed RAN2 [1] that network based handover target identification solutions are not feasible due to their complexity, and high probability of handover failures and therefore, UEs should be able to report information about the target cell to the source RAN, allowing identification of the handover target. 

In light of RAN3’s preference, it is recommended that RAN2 focus on UE assisted solutions. The key issue with UE assisted solutions is the requirement of a measurement gap for LTE intra-frequency handovers. Besides resulting in data interruption, a measurement gap may result in a radio link failure leading to significant interruption in service as well as possible data loss at the source cell. Hence, it is desirable if the UE has the ability to report target cell information without a measurement gap. This can be made possible for Release 9 UEs by using a subset of the 10 spare bits in the Master Information Block (MIB) to convey a cell specific identifier (MIB ID). The main advantage of this is that a measurement gap is no longer required for intra-frequency inbound handovers. 
2. Solution
2.1. Summary of Proposals
The solution involves two aspects.

Reading MIB without measurement gap:  For the case of intra-frequency handover, the UE should be able to read the MIB from the evaluated cell without any disruption of data to/from the serving cell. This is possible because the MIB is sent in a narrowband 1.08MHz frequency region that the UE monitors for non-serving cells due to existing RRM requirements.

Adding confusion resolution information to MIB: The MIB currently has 10 spare bits. It should be possible to set some of these bits to carry a MIB ID. The MIB ID can be computed as a function of the SFN and the CGI, and hence the MIB ID advertised will change every 40ms. The UE can report one or more observations of the MIB ID (along with the observed SFN) to help resolve confusion at the source eNB. The exact number of bits for MIB ID is FFS.

2.2. Detailed Description
We describe the proposed solution to resolving PCI confusion using MIB ID.
1. The UE reports the PCI of the target cell to the source cell in a Measurement Report Message (MRM). If the UE has read the MIB ID already, it includes the MIB ID in the measurement report.
· Note that the MIB ID can be read by the UE while the Time To Trigger is running, or even before that when the UE is filtering the physical signals using the required 200ms filter. Thus, it is likely that the UE will be able to read one or more MIB IDs by the time the MRM is generated.

2. If this MRM did not include the MIB ID, the source cell finds the PCI confusing and asks the UE to read the MIB ID. A measurement gap is not configured by the source cell. The UE reads and reports the MIB ID and time offset to the source cell in a MRM
3. The source uses the PCI along with the MIB ID for resolving PCI confusion.

If PCI confusion still exists (only likely in very dense deployments), then the following steps are needed
4. The source cell requests the UE to report one or more instances of MIB ID
5. UE reports MIB ID to the source cell in MRM
6. PCI confusion is resolved

A message flow for this solution is included below:
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Figure 1: Message flow for confusion resolution
2.3. Numerical Estimates

The following computation provides the total number of bits needed to attain a certain probability of confusion resolution. Let 

· N be the number of confusing cells that share the same PCI

· K be the number of bits of MIB ID that are read by the UE

· p be the probability of confusion after K bits are read
We assume here that the MIB_ID is derived as fHASH(SFN, CGI). The serving eNB checks the received MIB_ID with known MIB IDs computed from known CGI’s of confusing cells. The CGI that matches the MIB_ID reported by the UE is the right target  CGI.

The probability of all (N-1) having different MIB_IDs from the cell observed by the UE can be computed as

(1 – 1/2K)(N-1)
This means, the probability of confusion after K bits are read is

p = 1 - (1 – 1/2K)(N-1)

The above can be simplified somewhat (for small values of p) to get

2K = N/p
The table below provides the number of bits of MIB_ID needed to resolve confusion. This shows that the confusion can be resolved within 200ms, and given typical MRM configurations, this can occur before the UE sends the first MRM.
Table 1: Number of bits needed to resolve confusion in several cases

	 
	Small cell urban
	Urban
	Suburban

	Cell radius km.
	0.25
	0.5
	1

	Cell area (sum over 3 sectors) sq. km.
	0.065416667
	0.261667
	1.046667

	Population density pers/sq km
	30000
	30000
	6000

	Pers./household
	3
	3
	3

	Operator market share
	50.00%
	50.00%
	50.00%

	Percent operator's household with femtos
	20.00%
	20.00%
	20.00%

	Femtos/macro cell
	65
	262
	209

	Number of reserved PCIs
	50
	50
	50

	Size of confusing set of  HeNB
	2
	6
	5

	Target probability of confusion after K bits
	1.00%
	1.00%
	1.00%

	 
	 
	 
	 

	Needed value of number of bits K
	6.7
	9
	8.7

	Time (in ms) to read K bits, 
assuming 2 bits per PBCH cycle
	160
	200
	200


2.4. Advantages of Solution

This solution builds on the solution proposed in [2] with the following advantages
· Latency: Time for handover evaluation is considerably shortened since only MIB needs to be read, and the extra latency of reading SIB is not needed. Further, the UE could have read the MIB ID even before receiving the request from the eNB, further reducing the latency. 
· Robusness: Reduction in the handover evaluation latency improves handover robustness, because the serving cell strength is less likely to degrade significantly to cause Radio Link Failure.
· Disruption: No disruption to traffic since measurement gaps are not needed for reading MIB.
3. Conclusion
Proposal 1: For intra-frequency handover evaluation, UE reads MIB from evaluated cell without any data interruption with serving cell.

Proposal 2: Some bits of the MIB are used to resolve confusion.
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