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Discussion and decision
1.  Introduction
The HeNB inbound handover issue has been discussed extensively in the recent RAN2 meetings and email discussions [1, 2]. The latest email discussion summary [1] states the following way forward:
	Proposed Way Forward: Based on the opinions and comments, it is suggested that Solution 1 be adopted as the working assumption for further work. The details are FFS. As part of further discussions, the following should be taken into account:

· The complexity and impacts arising from the gap based technique need to be studied.

· Consider the need to minimize use of gaps.

Other solutions can be considered if problems are identified with Solution 1.


where Solution 1 is described as follows:

	1. One or more measurement gaps are assigned to the UE to acquire MIB and SIB1 of the target HeNB.

2. UE reports CGI eliminating any PCI confusion.


While DOCOMO agree to the way forward above, some considerations are necessary in developing this work further, especially on the fundamental principle to avoid interference which should not be overlooked. Based on this principle, the paper attempts to clarify the baseline procedure for Solution 1 above.
2. Discussion
2.1
Fundamental principle

In Rel-8 RAN2 agreed to broadcast the PCI splitting information for CSG cells in SIB4. This was intended for RRC_IDLE UEs not interested in CSGs to ignore the CSG PCI range in evaluating cell reselection. However, for RRC_CONNECTED, RAN2 agreed in Rel-8 that the UE shall measure and report on all PCIs to avoid potential interference problems, both for intra-frequency and inter-frequency carriers. This was discussed extensively in the past RAN2, and the careful and conscious decision was made.

The same fundamental principle should be maintained for Rel-9 as well.

Proposal 1:
RAN2 should keep the same principle as in Rel-8 that the UE measures and reports all PCIs in RRC_CONNECTED in Rel-9.
Based on this fundamental principle, the procedures described in the sequel can be assumed for Solution 1.
2.2
Intra-frequency inbound handover

When the inbound handover is to a cell on the serving frequency, the following procedure is foreseen (Fig.1):

1. The UE reports PCI as in normal measurement report.
2. The serving eNB determines whether the PCI involves potential confusion (e.g., the operator is expected to reserve a range of PCIs for unplanned deployments, and hence, if the reported PCI falls within this range, the serving eNB could assume there is potential confusion).
3. If the serving eNB decides that the reported PCI does not involve potential confusion, the serving eNB initiates handover to the cell determined by the PCI (i.e., normal handover).

4. Otherwise, if the serving eNB decides that the reported PCI involves potential confusion, the serving eNB allocates gaps and asks the UE to acquire the CGI of the reported cell.

5. The UE reports the CGI. (The case when the UE fails in reading CGI needs to be studied further.)
6. Based on the reported CGI, the network performs accessibility check.
7. If access is granted (i.e., the UE belongs to the CSG or the cell is hybrid or open), the serving eNB initiates handover to the cell determined by the CGI.

8. If access is not granted (i.e., the cell is closed and the UE does not belong to the CSG), the serving eNB initiates some counter measure against potential interference problem, e.g., inter-frequency handover. The action taken by the serving eNB is up to operator policy and implementation.
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Fig.1  Intra-frequency inbound handover.

This procedure adds extra steps 4-6 compared to the baseline Rel-8 procedure. The question is whether the incurred delay is acceptable. During the email discussion [66#9], a number of companies expressed that CGI (SIB1) reading should normally be possible within 80 ms. As such, the steps 4-6 in total is expected to consume few hundreds of milliseconds. This seems to be acceptable considering that the UE should be moving slow if it was performing inbound handover to a cell with potential confusion, i.e., a cell with quite small coverage.

Proposal 2:
RAN2 should consider Fig.1 as the baseline procedure for inbound handover. Note that this does not preclude some possible optimisations (e.g., the use of fingerprints to facilitate the procedure).

2.3
Inter-frequency inbound handover

When the inbound handover is to a cell on a different frequency than the serving frequency, the following procedure is foreseen (Fig.2):
1. In case the target cell is on an inter-frequency carrier, the UE will require the relevant measurement configuration, including measurement gaps, to be allocated. If the UE has not been configured with the measurements and gaps, the UE would have to request these configurations. The step is denoted as “proximity indication” in Fig.1. This could be done based on fingerprints.

2. Based on the “proximity indication” from the UE, the serving eNB configures the relevant measurements and gaps, so that the UE can perform measurements (RSRP or RSRQ measurements) on the concerned frequency.

3. If a cell on the concerned frequency meets the reporting criteria, the UE reports PCI as in normal measurement report.

4. The rest is similar to the intra-frequency case, except for step 8. That is, if access to the cell determined by the CGI is not granted for the UE (i.e., the cell is closed and the UE does not belong to the CSG), the serving eNB triggers no further action. That is, the UE simply remains on the current serving cell.
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Fig.2  Inter-frequency inbound handover.
Compared to Rel-8 what is new obviously is the “proximity indication” by the UE. This would be used to request the relevant measurement configuration (including measurement gaps) by the UE. Without this indication the UE cannot perform measurements on the concerned frequency.

Proposal 3:
Introduce a “proximity indication” by the UE in Rel-9. The details of this message, e.g., when will this be sent by the UE and how can excessive requests be suppressed, are FFS.
2.4
Some further considerations
During the email discussion [66#9], a number of companies expressed the need for the UE to perform “preliminary accessibility check.” Nevertheless, the purpose of this “preliminary accessibility check” is unclear. From the baseline procedures described in 2.2 and 2.3, such check by the UE seems to be unnecessary. The network would anyway have to check accessibility (i.e., whether the UE belongs to the CSG), since a malicious UE can always claim it has right to access.
Perhaps, one potential aspect that this might help is in aiding the network to perform accessibility check (in step 6 in 2.2). That is, in order for the serving eNB to perform this accessibility check, the eNB needs to know the allowed CSG list of the UE, as well as the CSG IDs of the neighbouring cells. This seems to be impractical since such information needs to be maintained in each and every eNB, including HeNBs. In case such information is maintained in HeNBs, this might raise some security concerns. This implies that some upper node should perform the accessibility check, but then, this would incur some network signalling, even if the UE does not have access right. To reduce this network load, the UE could assist the serving eNB by indicating the result of the preliminary accessibility check.

In any case the fundamental principle of avoiding interference should not be overlooked. That is, such preliminary check by the UE should not prohibit the UE from sending normal measurement reports (to avoid interference problems).
Proposal 4:
RAN2 should clarify the purpose of preliminary accessibility check by the UE, if such check is to be incorporated into the inbound handover procedure.
In addition, a number of companies have been proposing to reserve a range of PCIs specifically for hybrid cells, and to signal this PCI split information to UEs. However, studying the procedures shown in 2.2 and 2.3, it is not so obvious that such information is useful for UEs. Again, such information should not influence the UE in making normal measurement reports (to avoid interference problems).
3. Conclusions
The followings were proposed regarding inbound mobility to HeNBs.
Proposal 1:
RAN2 should keep the same principle as in Rel-8 that the UE measures and reports all PCIs in RRC_CONNECTED in Rel-9.

Proposal 2:
RAN2 should consider Fig.1 as the baseline procedure for inbound handover. Note that this does not preclude some possible optimisations (e.g., the use of fingerprints to facilitate the procedure).

Proposal 3:
Introduce a “proximity indication” by the UE in Rel-9. The details of this message, e.g., when will this be sent by the UE and how can excessive requests be suppressed, are FFS.

Proposal 4:
RAN2 should clarify the purpose of preliminary accessibility check by the UE, if such check is to be incorporated into the inbound handover procedure.
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