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1. Introduction
This paper explains the signalling impact expected from using the cell selection based approach to ANR, compared with using a solution based on the Rel-9 CSG SI reading feature.
2. Discussion
The proposed cell reselection based approach to ANR is built on top of the existing R99 cell reselection procedure. That means, the proposed behaviour of the UE is intended to work exactly as cell reselection works today – the only changes required in addition to the R99 procedure are some minor additions to the signalling for enabling the procedure and reporting the missing information, and for detected cell reselection support (cell detection and inclusion in cell ranking). 
The cell reselection procedure occurs in Idle state, CELL_PCH+URA_PCH state, and CELL_FACH state, and is described in [1]. Extending this to allow triggering from detected set cells is explained in [4] 

2.1 Capability reporting
Assuming that the ANR feature will be optional in Rel-10, it's expected that whichever ANR solution is agreed upon, some form of capability signalling will be required. 

It’s unlikely that any special capability reporting will be needed, that it, that UE Capability Information should be sufficient (provided in RRC Connection Setup Complete).
For the SI reading approach, it’s foreseen that 4 new capabilities would be required.

· Intra-frequency SI reading for ANR

· Inter-frequency SI reading for ANR

· Inter-RAT E-UTRAN SI reading for ANR

· Inter-RAT GERAN SI reading for ANR

For the cell reselection approach, it’s foreseen that only 1 capability is needed. 

· Support of ANR 

This is because reselection from GERAN and E-UTRAN to detected cells is already supported, no impact to the other RATs is needed. UTRAN only needs to know if the UE is capable of ANR (specifically detected cell reselection from a UTRAN cell), so that it may select UEs for performing ANR.

Additionally, the UE would need to send an indication to the new cell, that ANR information is available (i.e. that UE has just performed a detected cell reselection). Although not a capability as such, it implies the UE is capable, when arriving on a new UTRAN cell (for example after reselection from E-UTRAN, UE can indicate ANR information is available). 
2.2 Control and Report – Cell Reselection Approach
In addition to allowing detected cells to be included in ranking, and trigger a cell reselection, there is some limited signalling impact envisaged. 

Figure 1 below shows MSC for the intra-UTRAN CELL_PCH case. The parts highlighted in red show what is new compared to the R99 procedure.



Only needed for intra-UTRAN case – for inter-RAT GERAN and E-UTRA, detected cell reselection is already possible:

Physical Channel Reconfiguration (or RRC Connection Release for Idle): source cell.
· 1 bit to indicate detected cell reselection is enabled. Controls whether UE performs ANR function.
· Optional: Qoffset,detected for adjusting reselection threshold

System Information: target cell.
· FFS: 1 bit to indicate detected cell reselection is allowed. Controls whether UE is allowed to perform Registration/camping to the target cell or not after detected set reselection. 
For all cases (intra-RAT and inter-RAT): target cell
Cell Update (or URA update for URA_PCH, RRC Connection Request for Idle or inter-RAT):

· 1 bit to indicate that missing neighbour relation information is available (indicates detected cell reselection occurred). Limits impact to RACH message size.
Cell Update Confirm (or URA Update Confirm for URA_PCH, RRC Connection Setup for Idle or inter-RAT)

· 1 bit to request that UE reports missing neighbour relation information (allows NW to control whether UE sends report or not – particularly useful in Inter-RAT case where detected cell reselection is anyway performed)

Complete message (e.g. UTRAN MOBILITY INFORMATION, RRC Connection Setup Complete, etc)

· New IE containing relevant information, such as frequency, PSC, Cell ID, etc). Can be sent after transition to CELL_DCH state, to avoid RACH message impact.
Note that for the reselection based approach, the actual signalling procedure and state changes are identical to the procedure used from R99. No additional messages are transferred. The changes are only with some new IEs in the existing messages, and a relatively simple configuration. 
The content of the new IE containing missing neighbour relatioon information is FFS, and depends on the solution and reply from RAN3. It is anticipated that at least frequency and PSC is needed for the intra-UTRAN case, and for the intra-RAT case, Cell ID is also most likely required. Based on some contributions to RAN3#69 [3], [4] the cell reselection based approach will potentially require less additional information to be reported for the intra-UTRA case due re-use of the information already available in Cell Update message.
At this stage, we think that CELL_PCH state is sufficient for performing ANR, only a single procedure triggered from CELL_PCH state is needed for intra-UTRAN ANR. However, other states are not ruled out at this stage if companies see a benefit or need.

2.3 Control and Report – SI Reading Approach
If ANR is to be based on the CSG SI Reading procedure defined in Rel-9, there are a number of considerations when defining the signalling procedure. Exactly the same procedure cannot be used, something new is needed.
First of all, CSG procedure is triggered from CSG proximity indication. Clearly this doesn't work for the ANR case, since we are attempting to detect missing neighbour relations, and not previously visited CSG cells. The assumption is that triggering of CSG measurements would be similar to the existing measurement events used to trigger, with some potential new events or modified events to report on detected cells - this is discussed in [4]
Intra-freq case:
In the intra-freq case, there are 2 options for configuration of SI reading (no autonomous gaps). 

Option 1: First option would be to preconfigure SI reading for multiple cells in a similar way that CSG SI reading can be (pre)configured. UE would either report all detected cells (some NW may already be aware of) or we would need to signal a range of cells for which SI reading should be performed (similar to CSG procedure)
It’s possible that the criteria for reporting (event trigger) for ANR purposes would be different to the criteria for handover preparation. In this case the measurement would need to be set up in a separate meassurement identity for ANR purpose, and signalling would occur in addition to any measurement control and report used for handover => more signalling overhead. 

Alternatively, the measurement could be set up to be reported in the same measurement as handover preparation measurements – in this case only some of the cells configured for measurement would be preconfigured with SI reading. NW would have to distinguish which of the measurement reports for this event are for handover preparation and which are for ANR purpose.
This option is in figure 2. 
Option 2: Second option would be the configure SI reading only for a specific cell after a measurement report is sent. This option would be similar to the procedure for inter-freq and inter-RAT used for CSG SI reading + is shown in figure 3.








Figure 2: SI Reading approach to ANR, intra-freq case (option1)

Inter-freq case:

Inter-frequency ANR becomes implicitly more complex due to the need for autonomous gaps to perform SI reading. 
Figure 3 below shows the expected signalling procedure for inter-freq ANR, which would occur in parallel to any existing handover preparation and mobility procedures towards known neighbour cells. 















Figure 3: SI Reading approach to ANR, inter-freq case, intra-freq case (option1)

· The currently defined CSG SI reading procedure requires inter-frequency measurements to be enabled on CSG proximity indication. For ANR purpose our assumptuon is that the intention would be to enable ANR measurements for inter-frequency when the serving frequency becomes low (e.g. cell edge) using event 2b. Whether or not the same threshold used for existing handover preparation (and hence same measurement identity) can be used needs to be analysed. The assumption is that measurements need to be enabled earlier (at a higher threshold) in order to allow time for SI reading, which means that ANR UE will have compressed mode active more often.

· Once inter-frequency measurements are enabled (inclusion of detected set cells needs to be defined, new measurement events or modified measurement events and VAS handling is needed) then the UE needs to be able to detect a cell outside of the neighbour list.

· Once detected cell is reported, the NW then needs to request SI reading using autonomous gaps. After performing autonomous gaps, the UE needs to report the information obtained from system information back to the serving cell.

· The difference to using this for CSG handover, is that it’s expected that in most cases, SI reading would be done in good coverage, and towards a potential handover candiate cell (allowed CSG). In ANR case it’s likely to be done at the cell edge and since ANR is performed to find unknown neighbour relations, this SI reading request is made to a currently unsuitable candidate for handover. Hence, UE needs to be able to perform this ANR procedure, inclusing autonomous gaps in parallel to any existing handover preparation (intra-freq, inter-freq, inter-RAT). 

Inter-RAT case:

Inter-RAT ANR procedure using the SI reading approach is expected to be largely similar to the procedure shown in  Figure 3 with similar open issues.

Note that particularly the inter-RAT to GERAN case, no procedure has been defined for SI reading in Rel-9 CSG case, therefore this is completely unkown territory. Further study would need to be done to determine if this is feasible, how long gaps would need to be etc. 

3. Conclusion
Signalling impact for the cell reselection approach is minimal, with no additional signalling load or delay compared to a cell reselection today. Potentially also less additional information required to be reported, depending on the chosen RAN3 solution. Compared to the CSG approach which increases signalling load in parallel to existing measurement and mobility, and implies complex configuration (measurement events, SI reading). 

The SI reading procedure is currently an unverified procedure - so it’s possible that there are unforseen problems, in particular with the SI reading itself which could delay or prevent this from being usable for ANR. With the reselection based approach, SI reading of BCCH (required for camping on a cell) is a tried and tested procedure, with the cell reselection approach to ANR it comes for free in the significantly simpler solution.
An entirely new signalling procedure is required to support ANR for GERAN cells if SI reading is used. No new procedure is needed to support the cell reselection approach, only an additional IE in a limited number of messages used in existing signalling procedures.
There are a number of significant open issues with the SI reading approach, which need to be resolved before proceeding. The cell reselection approach on the other hand is straightforward.

Cell Reselection approach to ANR has the least impact to signalling. There are significantly less open issues to resolve to proceed.
Proposal: UTRAN ANR signalling solution shall be based on the cell reselection approach described above.

· shall apply in CELL_PCH state. Need for other states FFS.
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Figure 1: MSC of intra-UTRAN Cell reselection based approach.
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