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1. Introduction
At the end of RAN2#71bis, the way forward for ANR WI was to try and resolve the remaining open issues with each of the proposed approaches. This paper attempts to resolve the issues remaining with the cell reselection approach. 
2. Discussion
As a reminder, rhe proposed cell reselection based approach to ANR is built on top of the existing R99 cell reselection procedure. The cell reselection procedure occurs in Idle state, CELL_PCH+URA_PCH state, and CELL_FACH state, and is described in [1]. The proposed ANR approach has been extensively discussed already and is explained in [2], [3].
2.1 Open issue 1: What RRC states to apply ANR?
CELL_PCH state seems to be the most suitable candidate state, however URA_PCH, Idle and CELL_FACH (maybe even CELL_DCH after out of service/RLF) could also be considered. CELL_PCH has the following main benefits:

· Longer periods of DRX than CELL_FACH or CELL_DCH. (more time available for measurement and SI reading, more chance for UE optimisation for power saving etc.)

· UE is location known at cell level. (Cell Update performed at cell change not only routing area change as per URA_PCH). Therefore, upon sending Cell Update to target, all source cell information can be transferred between source/target via NW (RAN3) signalling. 
· RRC connection already exists. (No need to establish new connection from Idle to for control and report)

URA_PCH has similar benefits to CELL_PCH. The only drawback is that the location is not known at cell level currently – URA Update is performed only at change of registration area. However, in URA_PCH state, the Cell Update procedure is used today for various events. If Cell Update for ANR is added, it’s straightforward to allow the NW to enable ANR also in URA_PCH state, and the UE should send a Cell Update to the new cell only if it is reselected as part of the ANR procedure (i.e. it’s a detected cell and not due to reselection to a neighbour list cell). There would need to be additional signalling, however, to send source cell information to the target, since source RNC doesn’t know UE cell location like with CELL_PCH state
For idle mode, performing ANR would not be as simple. Since RNC ID is only provided to the UE in connected mode, the UE can provide this in Cell Update message to the new cell. The same is not possible in Idle mode, hence the procedure would rely on Cell ID which has open issues and may not be straightforward to resolve. In addition, Idle mode power saving mechanisms in existing UEs may be more severely affected, and there would be additional overhead in establishing RRC connection to perform ANR signalling. 

In CELL_FACH state, the signalling connection exists, and the UE sends a Cell Update on change of cell – however DRX periods available in CELL_FACH state are much shorter (and fach measurement occasions are limited), therefore there is not enough spare time for the UE to perform any kind of additional measurements. This is one of the reasons why, for example, measurement and reselection of LTE cells while in CELL_FACH isn't supported. 

In CELL_DCH the drawbacks are obvious. 

Proposal 1: ANR support is limited to CELL_PCH and URA_PCH states for the intra-UTRAN case. In both states, the UE sends Cell Update message if it reselects to a detected set cell. This provides SRNC ID already in existing Cell Update message.
Proposal 1a: No additional information is required to be reported to the target cell in case of CELL_PCH state, other than 1 bit indication in Cell Update that reselection is due to ANR.

Proposal 1b: For URA_PCH state, source cell information (PSC+UARFCN) additionally needs to be provided in order to identify the source cell, this can be provided in Cell Update Confirm response message, if requested. 

For the inter-RAT case, UE already performs detected set reselection from both GERAN and EUTRAN. Therefore, rather than Cell Update procedure UE will need to perform ANR reporting as part of RRC connection establishment procedure. Unlike PCH states, UE doesn’t already provide source NW node infomration, therefore the additional information is needed.

Proposal 2: For the inter-RAT case, UE provides 1 bit ANR indication in RRC connection request, and if requested in the RRC Connection Setup, UE provides the required source cell information in RRC Connection Setup Complete.

GERAN: CGI, LAI, RAC, BSIC, ARFCN
EUTRAN: CGI (PLMN ID+ Cell ID), TAC, EARFCN, Measurement Bandwidth  
2.2 Open issue 2: Can reselection procedure be tuned to trigger under similar conditions to handover?

The short answer is “yes”. In fact, compared to a method performed in CELL_DCH state, the thresholds used can be matched more closely with those used for handover, by adjustment of the (ANR specific) signalled parameters Qoffset, Qrxlevmin, Qqualmin, Ssearch. In the cell reselection case, we do not need to account for long autonomous gaps prior to handover, which would require the threholds to be set differently to those used for handover. In addition, it’s not possible for a CELL_DCH method to mimic those thresholds used in reselection. Therefore, CELL_DCH method could not be used efficiently for neighbour list optimisation for idle mode/PCH/FACH state UEs. The cell reselection method can be used to cover both of those neighbour list optimisation scenarios. 

Note that the detected cell (ANR) specific parameters are used only for reselecting to detected cells for ANR purpose. Only when these ANR specific criteria are met will UE attempt to reselect the potential missing neighbour – ordinary cell reselection evaluation occurs as usual to neighbour list cells unless the NW configured ANR criteria are met. 

Figure 1 below shows an example of how the the thresholds could be set for collecting results optimised for the idle neighbour list scenario – reselection is performed according to a “normal reselection” scenario. Note that this cannot be re-created using a CELL_DCH method
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Figure 1: Collecting ANR results optimised for broadcast NCL (used by UEs in Idle, PCH, FACH states)

In order to re-create the kind of criteria which would trigger CELL_DCH measurement events, it’s possible to set Qoffset = infinity. This would mean reselection criteria is always met on the detected cell. However, cell selection criteria(i.e. suitablility) must also be met. This threshold can be adjusted by signalling a different value for Qrxlevmin and/or Qqualmin. In addition – the measurements are only enabled once Ssearch criteria is met on the serving cell. This threshold can be used to mimic inter-fequency measurement activation threshold events. This can also be used, not only for coverage based handover optimisation, but the thresholds can be set to such levels to optimise for service based handover use-cases. This is illustrated in figure 2 below
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Figure 2: Collecting ANR results optimised for CELL_DCH mode neighbour list (note Qqualmin and/or Qrxlevmin could be used to adjust reselection threshold)

It should be further noted, that the detected set cell WI also provides an efficient means for collecting handover statistics to detected set cells, that can be used for neighbour list optimisation. It should also be noted that for the CELL_DCH SI reading method for ANR, the thresholds would need to be adjusted in order to account for SI reading gaps – hence, it’s not possible using the CELL_DCH SI reading method to collect efficient HHO statistics at the same time as collecting missing neighbour relationship information. These 2 activities would need to be carried out on separate occassions. Cell reselection method not only provides the additional capability to optimise idle mode neighbour lists broadcast in a cell, but also allows UEs to report missing neighbour relations based on CELL_DCH thresholds for coverage based and service based handover scenarios.

Proposal 3: Not only can cell reselection based ANR be based upon thresholds used for coverage based HHO, but it also offers the advantage that it can also be used to optimised for service based handover and also idle mode/broadcast neighbour list optimisation – advantages that are not offered when using a CELL_DCH based approach.
Proposal 3a: In order to control detected set reselection, NW shall be able to provide parameters to use for detected cell reselection in the configuration of ANR. (Qoffset, Qqualmin, Qrxlevmin, Sintersearch)

Proposal 3b: Additionally, decide whether additional control via blacklist/whitelist is needed, and indication on target cell whether access is allowed by ANR UE performing detected cell reselection.
2.3 Open issue 3: Is GSM->Pico neighbour relation a use-case?

The use case was explained as follows: in case of irat from GSM to UMTS, UE may reselect to the macro cell only, not any capacity-boosting pico cell (for example if operator doesn’t want GSM UEs to come into pico-cell frequency, but wants NR to allow UEs go from pico to GSM).

Since operators already expressed the opinion during email discussion [4] that macro cell support for ANR in Rel-10 would be sufficent, we would assume that this use-case is not a priority to solve in Rel-10 especially since we are not sure if it is realistic or not. 

However, for the cell reselection approach, UE can already reselect from GERAN or E-UTRA to detected cells – in other words, the trigger exists in today’s specification, and an UE supporting UTRA RATs shall also support reselection to UTRA detected cells from any other supported RAT.. In order to handle this special case, if it is realistic, it’s possible to temporarily allow UEs to reselect towards the pico frequency in order to obtain the neighbour relationships in new picocell  deployments. 

Proposal 4: No need for anything special in the ANR WI to handle GSM->Pico cell special use-case.
3. Conclusion
In this document we have addressed the remaining open issues to resolve for the cell reselection approach to ANR. In addition we have demonstrated that this approach provides solutions to many more potential use-cases than a CELL_DCH based approach, in addition to the benefits shown in previous meetings (i.e. no service disruption, no impact to call drop rate, no problems with triggering, simplified UE implementation, more reliable, higher number of users available to collect the information). In addition to the many benefits over a CELL_DCH approach, performing ANR in connected mode during long periods of DRX which is aligned with the approach taken in LTE. The exact signalling procedure from LTE can’t effectively be re-used due to the different characteristics of CELL_DCH and far greater drawbacks compared to what is offered by LTE connected mode.
Proposal 1: ANR support is limited to CELL_PCH (and potentially URA_PCH) states for the intra-UTRAN case. In both states, the UE sends Cell Update message if it reselects to a detected set cell. This provides SRNC ID already in existing Cell Update message.

Proposal 1a: No additional information is required to be reported to the target cell in case of CELL_PCH state, other than 1 bit indication in Cell Update that reselection is due to ANR.

Proposal 1b: For URA_PCH state, source cell information (PSC+UARFCN) additionally needs to be provided in order to identify the source cell, this can be provided in Cell Update Confirm response message, if requested. 

Proposal 2: For the inter-RAT case, UE provides 1 bit ANR indication in RRC connection request, and if requested in the RRC Connection Setup, UE provides the required source cell information in RRC Connection Setup Complete.

Proposal 3: Not only can cell reselection based ANR be based upon thresholds used for coverage based HHO, but it also offers the advantage that it can also be used to optimised for service based handover and also idle mode/broadcast neighbour list optimisation – advantages that are not offered when using a CELL_DCH based approach.
Proposal 3a: In order to control detected set reselection, NW shall be able to provide parameters to use for detected cell reselection in the configuration of ANR. (Qoffset, Qqualmin, Qrxlevmin, Sintersearch)
Proposal 3b: Additionally, decide whether additional control via blacklist/whitelist is needed, and indication on target cell whether access is allowed by ANR UE performing detected cell reselection.
Proposal 4: No need for anything special in the ANR WI to handle GSM->Pico cell special use-case.
As a result, we believe the only feasible solution in Rel-10 would be to use the cell reselection approach, since the open issues are addressed, multiple advantages have been demontrated, and since the open issues and drawbacks of other solutions are too severe to feasibly address within the Rel-10 timeframe. 
If the above proposals can be agreed, we will provide draft stage 3 CRs in [5] and [6]
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