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1
Introduction

In this document we continue discussing implications due to UE support in SON Automatic Neighbour Relation (ANR) function initiated in [1] and on the agreements in the RAN2#60bis.  We also try to identify how the UE could provide needed support for the network ANR function without degrading the performance of normal data transmission and reception operations and mobility and cause unnecessary degradation in UE battery consumption. In the study we have also considered minimal changes to the already agreed RAN2 functions and signalling in order to avoid delays in the ongoing E-UTRA stage3 finalisation.
We see that it is important to consider UE support in ANR function separately for E-UTRA cells and inter-RAT cells, but it should be noted that from the E-UTRA RAN2 procedural and signalling perspective similarities would be desirable when feasible. 
Based on the analyses of the document we propose how UE support could be provided for the SON ANR function without severe implications on system performance, user perception or E-UTRA stage 3 completion. 
2
Discussion

In the following subsections we have analysed the implications of the SON ANR functions currently assumed in RAN2 and RAN3 on system performance, user perception and specifications. In chapter 3 we present a high level view on ANR and what kind of mechanisms it requires. In chapter 4 we try to go in for more details about each specific mechanism and what needs to be specified in RAN specifications to have efficient and as simple as possible ANR for E-UTRAN. Separate analyses are presented for E-UTRA cells and inter-RAT cells. Current RAN2 agreements:
· The UE will only report L1 identities on frequencies/RATs for which it is configured to measure by the eNB (i.e. no additional measurements to be defined for this purpose).

· For SON purposes, we will define a mechanism by which the network can ask the UE to provide the GCI corresponding to a L1 identity that the UE has reported.

· This mechanism can be used for L1 identities corresponding to intra-freq and inter-freq neighbours. Support for inter-RAT UTRAN and GERAN is FFS.

· UE is not required to provide the GCI if it is not provide with sufficient “inactive time”

· Detailed conditions under which the UE should be able to make this measurement (e.g. how the “inactive time” is realised (measurement gaps / DRX idle periods / .. are used), is the UE not required to support any activity in parallel,… are FFS.
As we can see from agreements in RAN2 it was clear that ANR is only meant for SON purposes and there is no need to define any new measurement functionalities in the UE. But on the other hand RAN2 needs to defined a mechanism to support NW asking UE to report GCI and a mechanism to let NW to allocate enough “inactive time” for the UE to report GCI. And of course a scheme to support reporting of GCI should be defined too.
3
Proposal for UE support in ANR Function
In this section we present how UE support could be provided for the SON ANR function without severe implications on system performance, user perception or E-UTRA stage3 completion..

3.1
Inter-RAT case

We believe that many of the negative implications due to UE ANR support discussed could be avoided if the following conditions are met with the SON ANR function and related UE support.

· UEs supporting the ANR functions are inactive in terms of services i.e. no real UL or DL service ongoing (Idle Mode type of operations). In this way we should be able to minimise negative implications on services and user perception of LTE. It should be noted that eNB is the one who selects the UE for ANR reporting and thus it should select a UE with low activity for ANR purposes.
· Agreement in RAN4 that mobility requirements in LTE RRC_CONNECTED state should be based on explicit neighbour cell list [3]]
· As a result, the UE will not provide normal measurement reports with scrambling code that are not already included in the current eNodeB neighbour cell list and thus a another mechanism is needed for the eNodeB to discover unknown scrambling codes. One alternative is that UE is requested to search for and report the scrambling code of the strongest detected UTRA cell on a given UARFCN. Similar mechanism can be used for GERAN also by requesting strongest cell from range of ARFCNs. For GERAN it would be also good to have NCC indicated in the request as in the country border areas same ARFCN may be used in two different networks and then NCC can be used to distinguish from which NCC UE is supposed to report cells.. 
· UE is only requested to provide support to the GCI reading and reporting strongest cell when long regular DRX cycle (similar to idle mode DRX cycle length) is allocated to the UE. 
· When unknown cell is reported to the network, the network can also request the UE to decode the Global CID of a given cell. In this request the network does not need to provide any special measurement gap for Global CID identification as the long DRX cycle should allow decoding. In this way it is possible to avoid the definition of new measurement gap pattern for the purposes of Global CID identification. Also UE would stay schedulable if such a need arise without needing to signal deactivation of gaps e.g. incoming call
· Although UE’s supporting the ANR function are inactive from the service perspective, these UEs are supposed to be in RRC_CONNECTED to allow reporting to network.

By requesting a number of low activity (from service point of view) terminals to support the network ANR functions and forcing these UEs to RRC_CONNECTED with long DRX cycle length, system performance degradations could be avoided but still it should be possible to find the newly configured cells. Naturally as trade-offs, some additional UE battery consumption is caused. However, it should be possible to limit this negative implications by only requesting the UE to support the NW SON ANR function rather infrequently when new cells are configured in the network.
Summarising above we would need following steps in the ANR support for GERAN&UTRAN:

1. Request to report cells not present in the neighbour cell lists of UTRAN/GERAN

2. Measurement Report (Normal used for reporting neighbour cells)

3. GCI Report Request
4. GCI Report Response
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Figure 1: Signalling of proposed method for inter-RAT ANR

3.1
Intra-LTE case
We believe that intra-LTE case could be developed with very similar way as inter-RAT case – The biggest difference for intra-LTE is that UE will report all detected strongest cells and thus there is no need for separate request to report cells that are not in the NCL. Otherwise the method can be very similar to inter-RAT one i.e. UE can read GCI when DRX is long and same request/response mechanism for GCI reporting can be used. .
4
New procedures for ANR

4.1
Request to report strongest cell

Agreement in RAN4 that mobility requirements in LTE RRC_CONNECTED state should be based on explicit neighbour cell list [3] results into that UE will not provide normal measurement reports with scrambling code that are not already included in the current eNodeB neighbour cell list and thus a another mechanism is needed for the eNodeB to discover unknown scrambling codes. One alternative is that UE is requested to search for and report the scrambling code of the strongest detected UTRA cell on a given UARFCN. Similar mechanism can be used for GERAN also by requesting strongest cell from range of ARFCNs. For GERAN it would be also good to have NCC indicated in the request as in the country border areas same ARFCN may be used in two different networks and then NCC can be used to distinguish from which NCC UE is supposed to report cells. It should be remembered that UE would need measurement gaps to measure GERAN/UTRAN cells.
Proposal 1:  Support a mechanism where NW can request UE to report strongest UTRAN cell from ARFCN or strongest GERAN cell from range of ARFCNs. Additionally for GERAN NCC is given to limit reporting of cells from incorrect NW. 
4.2


GCI Report Request
In RAN2 assumption for GCI reading/reporting support has been so far just to use this feature in RRC_CONNECTED state, when dedicated signalling is needed to support request procedure for GCI reporting, then NW would need to indicate for which PHY CID it will expect UE to report GCI. This dedicated approach seems to be easy, but that limits the usage to case when UE is in RRC_CONNECTED state and then DRX controlling mechanism or special measurement gap mechanism would need to be established. In order to speed up the progress and considering already made RAN2 decisions it seems more logical to support GCI reporting/reading in RRC_CONNECTED state. 
Proposal 2: Dedicated GCI reporting request is supported in E-UTRAN 
Regardless of the solution for request procedure in order to simplify testing it would be good to limit number of simultaneous requests to one i.e. if UE has not reported GCI it would not need to accept new request from the NW. This would simplify testing/implementations and as the procedure is needed rather seldom when there is only one “new” cell in the system it should be enough to limit support to only one simultaneous request.
Proposal 3: Only one request for GCI reporting (i.e. only one cell GCI reading required simultaneously) supported at a time

Request for GCI reporting can be either combined to some already existing message or then we just define a completely new message for this purpose. Before making a decision maybe a more detailed discussion on the contents of request should be done. First we should identify what UE needs to know from the cell it is requested to report:

· for E-UTRAN cells: PHY CID, EARFCN (including band) – PHY CID might not be enough if there is no synchronization channel allocation collision between frequencies – So it seems that also carrier frequency info is needed

· For GERAN cells: BCCH ARFCN + BSIC
· For UTRAN cells: UARFCN, Scrambling code
Proposal 4:  Request for GCI reporting gives enough knowledge for UE to identify the cell for which it needs to report GCI. In case of E-UTRAN cells at least following information are included: PHY_CID, Carrier frequency/band. For UTRAN cells UARFCN+Scrambling Code and for GERAN cells ARFCN+BSIC
4.3
GCI Report Response


To not reduce efficiency of normal measurement reporting it would be good to have clear separation of normal measurement report and GCI report. Whether completely new message is used or whether a new optional IE is added to the MEASUREMENT REPORT should not be a decisive factor and can be left for editorial aspect. But if NW wants UE to report also normal measurement quantities in the same report it would be probably easiest to reuse normal MEASUREMENT REPORT with just adding a additional IE for indicating GCI.

Proposal 5: Clearly separate GCI reporting from normal measurement reporting e.g. a separate optional GCI IE in the normal MEASUREMENT REPORT

In order for the eNB to identify cell explicitly it seems that at least UE would need to report PLMN and Cell Id (NAS level) as GCI identity. But probably this area needs some consulting with RAN3 in order to understand what information is required in the GCI report. For example it would be good to understand which PLMNid(s) is reported in the GCI report, if a cell belongs to multiple networks. It would be good to understand what identities are needed to be reported as that determines what system information messages UE needs to be able to read from the reported cell.
Proposal 6: Ask for RAN3 guidance for needed GCI for different systems (EUTRAN, UTRAN, GERAN)
4.4
Inactive Time

UE is not able to read GCI or even measure strongest UTRAN/GERAN cells without some inactive time. And as it will take a longer time to measure UTRAN/GERAN without explicit NCL than in normal case, it won’t be possible to perform this with normal 6ms gaps. Thus there is a need to define a additional inactive time for UE to perform both measuring “blindly” GERAN/UTRAN cells and for reading GCI.
There are at least a couple of alternatives how to handle inactive time provision for the UE e.g. By measurement gaps or long DRX periods.  By using normal DRX behaviour of the UE in RRC_CONNECTED and just requiring UE to support GCI reading when DRX is long enough, it is possible to avoid the definition of new measurement gap pattern(s) for the purpose of Global CID identification. Also UE would stay schedulable if such a need arise without needing to signal deactivation of gaps – One should note that with gap methods UE cannot be scheduled during the gap even if NW would start scheduling UE just before gap starting time (unless gap is deactivated). With the DRX approach if NW starts to schedule UE, then UE would be schedulable as long as NW schedules UE – so there is no need for any signalling to deactivate “gaps”. Of course as long as UE is scheduled it would not be able to read GCI (as the DRX is not long enough). And as already highlighted there would not be any need for additional specification work with DRX based method except to define the minimum DRX threshold. 

To our understanding ANR mechanism is not meant to override any user data activity. i.e. If UE needs to request for UL resources it is allowed to do so whenever (according to normal MAC layer rules) even when UE is in middle of GCI reading. 
In order to support ANR to multiple RATs the DRX settings, when UE needs to be able to support ANR for this activity, should be set to such a value that system information reading from all RATs is possible e.g  whenever inactive time is at least 1000ms  (i.e. DRX is 1000ms and UE does not have data transmission ongoing) UE would then be able to read GCI from the neighbouring cell. Setting the DRX value should be linked somehow on the periodicity of GCI broadcasting. In the EUTRAN PLMN Id of the cell is broadcasted once every 80ms, but broadcasting period of Cell ID of the cell is yet to be defined but from the UTRAN experience it can be seen that periodicity of that parameter is operator configurable and no exact values can be drawn. For GERAN SI3 is scheduled about every 940ms [4] thus also requiring around 1000ms idle periods. Thus for supporting Cell ID reading it might be required that about 1000ms (or even longer) idle periods needs to be provided. 
Proposal 7: In the specifications there will fixed DRX threshold after which UE needs to be able to support GCI reading. Preferably same threshold is used for all RATs, but it should be verified that chosen value allows enough time to read GCI from system information of different RATs. 

4.5
GCI reading requirements

As the ANR is only used for SON purposes, it should not be a problem if requirement for reporting GCI is quite relaxed i.e. it can take several seconds or tens of seconds for UE to read GCI and report it to the NW. As the ANR is used seldom it should not cause excessive problems even if requirement is very relaxed. This way the impact to UE implementation (especially if inter-RAT ANR needs to be supported) can be minimized, but yet offering this valuable feature for NWs. Also testing would be much easier when there is no very strict requirement specified. 

Proposal 8: Requirement for reporting GCI after request is relaxed e.g. several seconds or even minutes and only possible if NW has provided DRX to comply with the DRX threshold
5
Conclusions

As discussed earlier in this contribution we would like to introduce following proposals to be taken into use when considering use of ANR:

Proposal 1:  Support a mechanism where NW can request UE to report strongest UTRAN cell from ARFCN or strongest GERAN cell from range of ARFCNs. Additionally for GERAN NCC is given to limit reporting of cells from incorrect NW. 

Proposal 2: Dedicated GCI reporting request is supported in E-UTRAN 

Proposal 3: Only one request for GCI reporting (i.e. only one cell GCI reading required simultaneously) supported at a time

Proposal 4:  Request for GCI reporting gives enough knowledge for UE to identify the cell for which it needs to report GCI. In case of E-UTRAN cells at least following information is included: PHY_CID, Carrier frequency(including band). For UTRAN cells UARFCN + Scrambling Code and for GERAN cells ARFCN+BSIC

Proposal 5: Clearly separate GCI reporting from normal measurement reporting e.g. a separate optional GCI IE in the normal MEASUREMENT REPORT

Proposal 6: Ask for RAN3 guidance for needed GCI for different systems (EUTRAN, UTRAN, GERAN)

Proposal 7: In the specifications there will fixed DRX threshold after which UE needs to be able to support GCI reading. Preferably same threshold is used for all RATs, but it should be verified that chosen value allows enough time to read GCI from system information of different RATs. 

Proposal 8: Requirement for reporting GCI after request is relaxed e.g. several seconds or even minutes and only possible if NW has provided DRX to comply with the DRX threshold
4
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1) Report Neighbour Request of strongest cell  (RAT,NCC and range of frequencies ie ARFCNs for GSM , or else in UTRAN the Frequency i.e. UARFCN)





4) GCI Report Response (scrambling code or BSIC), Global-CID), 





3b) Read BCH (…)





3) Global-CID Report Request (Target Phy-CID=5, [details on RAT & Frequency Band]); 





2) Measurement Report (Phy-CID (ARFCN+BSIC for GERAN, Scrambling Code for UTRAN), Signal level)





Cell B �Type = UTRAN         Phy-CID=PSC=5�Global-CID =19





Cell A�Type = LTE         Phy-CID= 3    Global-CID =17
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