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Introduction
Discussions have taken place in GERAN2#37bis meeting to further analyse the technical aspects of the white list and the black list for providing E-UTRAN NCL information on (P)BCCH, as requested in GERAN#37. GERAN2 concluded that “No GERAN2 related specific reason has been seen so far whereby the black list approach cannot be adopted in GERAN as well. Most of the operators in GERAN2 have stated their position in favour of the black list approach. Many manufacturers in GERAN2 have expressed their position in favour of the black list approach”. While it is expected a decision will be reached by GERAN in GERAN#38, it is necessary however that TSG GERAN understand the implications of that decision. 
To this end, this paper provides further insight on the advantages and disadvantages of both approaches, by describing the contents of the White NCL (WL) and Black NCL (BL), NCL scenarios, System Information Broadcast needed in both WL and BL, cell reselection mechanisms in idle and active mode and PS handover.  Based on the findings the benefits and drawbacks are highlighted in the conclusions of the paper.
The impact on the measurement reporting in GERAN are given in a separate paper see [GP-080668].
2 Contents of the NCL in GERAN 
2.1
GSM/UMTS interworking

In case of the 2G/3G interworking WL is used where each 3G Neighbour Cell Description received is added to the 3G Neighbour Cell List, starting with the index equal to the parameter Index_Start_3G (or ‘0’ if this parameter is not present). For each 3G Neighbour Cell Description, the cells / UTRAN frequencies are indexed:
· UTRAN FDD cells / UTRAN FDD frequencies: FDD ARFCNs are indexed in the order of occurrence in the 3G Neighbour Cell description. For each FDD ARFCN indicating UTRAN FDD cells, the cells are indexed in the order of increasing values of the decoded FDD_CELL_INFORMATION parameters.

· UTRAN TDD cells / UTRAN TDD frequencies: TDD ARFCNs are indexed in the order of occurrence in the 3G Neighbour Cell description. For each TDD ARFCN indicating UTRAN TDD cells, the cells are indexed in the order of increasing values of the decoded TDD_CELL_INFORMATION parameters

2.2
GSM/E-UTRA Interworking

The provision of E-UTRAN Neighbour Cell information in GERAN is possible following a “white list” approach or a “black list” approach. 
An E-UTRAN Cell is identified by: 
· Physical Layer Cell ID (PLCID)

· Centre frequency

The unique identification of an E-UTRAN cell is possible by indicating a Tracking Area Code (TAC) which is expected to be between 16-24 bits.

The content of the WL if used for GERAN – E-UTRAN interworking would be: 
· the PLCID of allowed cells
· Centre Frequency of allowed cells

· Tracking Area Code (TAC). This would be useful in particular in idle mode to identify the suitability of the E-UTRAN neighbor cell, e.g. to avoid reselection to a cell belonging to a forbidden TA.

The content of the BL if used for GERAN – E-UTRAN interworking would be: 

· the Centre Frequencies of neighbouring E-UTRAN cells

· Optionally the PLCID of not allowed cells could be added for e.g. border area cases 

The neighbor cell in case of  GERAN / UTRAN / E-UTRAN interworking where all 3 RATs are available would contain in case of the white list approach:

· GSM NCL + 3G NCL + E-UTRAN NCL  
While in case of the black list approach the neighbor list would consist of the following:

· GSM NCL + 3G NCL + E-UTRAN frequencies + E-UTRAN BL (optional)

Same is the case also in the scenario where only GERAN and E-UTRAN exist.

Thus in case of the BL approach for GERAN – E-UTRAN interworking the content of the neighbor list will be a mixture of the allowed cells for GERAN and UTRAN (thus white list) and a list of E-UTRAN frequencies (plus optionally a black list). 

The estimation of the impact of E-UTRAN NCL WL and BL on GERAN BCCH capacity and acquisition time is shown in G2-080134 where the E-UTRAN BL approach has clearly an advantage compared to WL approach both in terms of the amount of data to be sent as well as the time needed to acquire this information (see Table 1( given in [G2-080134]). Compared to the E-UTRAN BL there is a higher risk that in case of E-UTRAN WL the information on the BCCH becomes too large and BCCH Ext is needed for broadcasting the PSIs in the networks.  As described in [G2-080231] this would result in a significant increase in (P)BCCH bandwidth consumption and paging capacity reduction where in the worst case scenario BCCH should be mapped on other timeslots besides TN0, i.e. TN 2, 4, 6. This would as given in [G2-080231] reduce traffic capacity as well, increasing blocking rate in the current cells and additionally no mobile station on the market has been tested in networks with BCCH mapped on multiple timeslots, even though that is allowed by the standard. 
3. Identifying the status of an E-UTRAN cell
In an E-UTRAN cell, System Information Block Type 1 (SIB1) describes the status of that cell. The full status of a neighboring E-UTRAN cell i.e. whether it is a suitable cell (i.e. not belonging to a forbidden TA, which could be subscriber specific), barred cell or a CSG cell,  can  be derived by reading the  SIB1 information; in particular:
· The suitability of the cell is derived by checking the TAC “trackingAreaCode”. 
· If  “cellBarred” is set to TRUE it means the cell is barred for all calls
· If “csg-Indication” is set to TRUE the UE is only allowed to access the cell if the tracking area identity matches an entry in the ‘white list’ that the UE has stored”.
Note however that for WL, the inclusion of the TAC would allow an MS to identify from the neighbour cell list  whether the cell is suitable or not.

Due to the structure of the E-UTRAN broadcast channel, reading the system information of the E-UTRAN neighbours is not possible during the GERAN search frames. Reading the SIB1 in order to determine the status of cell from GERAN is feasible in idle mode only. In active mode however SIB1 decoding results in interruption of the GERAN services and consequently in the performance degradation of the GERAN services. In the case of CS connections (i.e. in dedicated mode) SIB1 decoding may not be feasible at all while in case of PS connections although it may be possible  it should be avoided as it will result in large service interruptions.
As shown in [GP-070199] a terminal is able to decode the  physical layer cell identity of neighbouring E-UTRAN cells using the search frames in idle and dedicated mode. However in case of packet transfer mode or DTM depending on the number of timeslots assigned to the mobile station, monitoring of LTE cells using only the search frames is possible only for a terminal supporting up to 2 DL + 2 UL timeslots.
In case of border areas it has been discussed that a list with “not allowed” cells could be broadcasted to the mobile stations (see GERAN2#37bis Report, [GP-080701] ), while in case of the white list the inclusion of the TAC would prevent reselection to a non suitable cell.
Ideally the mobile should decode this info in advance so that reselection would never get triggered but this would then be required for each target inter-RAT reselection candidate.

In case of CSG cells SIB1 reading is needed even if the CSG cells were stored in the USIM and in addition this would only be possible in idle mode. 
In order for the mobile to have knowledge of whether a cell is a CSG cell without reading its system information (hence avoid reselection if the mobile is not a member of a CSG group), one proposal that has been made is to reserve a range of physical layer cell identities only for CSG cells. Note that a terminal that is a member of a CSG group may still need to read SIB1 in order to derive the TAC of the cell and compare it to the one(s) stored in the USIM. 

4. GERAN – E-UTRAN Cell Reselection

The GERAN – UTRAN cell reselection mechanism is described briefly in the Appendix A. 
Assuming the same mechanisms as for GERAN – UTRAN interworking apply for GERAN – E-UTRAN interworking then from GERAN perspective in case of a failed cell reselection attempt it would be assumed that this subscriber probably does not have access to any other E-UTRAN tracking area and therefore the reselection to E-UTRAN would get completely abandoned until the e.g. the next GERAN LA change. 

4.1. Idle Mode Operation

In idle mode if reselection is triggered to a target cell belonging to a forbidden LA the target frequency gets barred for reselection attempts for a (significant) period of time. As depicted in the Appendix in GERAN to UTRAN this timer is 20 minutes. In case of UTRAN this timer is set to, only, 300s (5 minutes).
A failed reselection attempt to a E-UTRAN cell may result in increasing the probability of loss of paging as the mobile would spend unnecessary time at the target E-UTRAN cell only to find out it belongs to a forbidden TA , and would    increase power consumption:
· If GERAN to UTRAN timer is used for E-UTRAN as well thus 20 minute rate then the power consumption may be in the acceptable range 

· If UTRAN to E-UTRAN timer is used in GERAN as well thus 5 minute rate then failed reselection attempts would result in unacceptable power consumption. 
In case of the BL the rate of the reselection attempts to a forbidden tracking area is higher than with a WL approach which does contain only the allowed cells.
4.2 Active Mode Operation
When black lists are used the cell reselection requires decoding of the SIB1 which is not possible in active mode without service interruption as explained earlier (see Section 3). This results in no inter-RAT cell reselection between GERAN and E-UTRAN in active mode without performance degradation of GERAN services. In order to avoid this performance degradation solutions are needed such as for example: 

- agreement that no reselection to LTE is performed during active mode or

- allow reselections up to the first failed attempt and block the rest of the attempts to the forbidden TA until the next LA/RA or PLMN selection
The white list would contain only the allowed cells and the TAC so a reselection attempt would not fail due to a forbidden TA. If the target E-UTRAN cell is on a forbidden TA for a particular subscriber, the terminal would not attempt a reselection to that cell and it would not monitor E-UTRAN if/when all the neighbor E-UTRAN cells are on a forbidden TA.

The reselection in active mode, both in the case of white list and black list, could fail due to the target cell being barred.

5. Inter-RAT PS Handover

During inter-RAT PS handover the Global Cell ID of the source cell and the target cell are exchanged between the source RAT and the target RAT. 

In case of inter-RAT PS handover between GERAN and E-UTRAN, BSS will have to identify the eNB ID based on the target cell ID for each of the cells in the NCL. 

In case of the white list where TAC would be indicated the BSS will be able to identify the Global Cell ID  of the target cell and the relating eNB ID. 
In case of the black list the BSS will need an association of the certain PLCID and the related TAC ID for all the neighbor cells in order to identify the global target cell ID and which eNB is associated to a certain PLCID
6. Conclusions 

Based on the findings presented in this paper the following conclusions can be made on the black and white list approaches:  

· Idle Mode

· Usage of the blacklist saves broadcast capacity due to less system information bits vs. white list 

· In the black list approach, SIB1 reading in the target cell is necessary in order to determine the “Suitability of the Cell” (i.e. check that the selected cell does not belong to a forbidden TA); reselection attempts to non suitable cells will result in failed reselection attempts, with the following consequences:
· increased probability for loss of paging; 

· increased power consumption which may be unacceptable depending on the duration of the interval between reselection;
· following the current procedures for UTRAN (see Appendix A) the terminal will be prevented  to reselect to other (suitable) cells on the same frequency for  several minutes (up to 20 minutes in case of UTRAN see 3GPP TS 45.008).
· In the white list approach containing TA there is no possibility that cell change to the selected E-UTRAN target cell would fail due to  the  forbidden TA since the neighbor list would contain only the allowed cells and TAC.
· Active Mode

· When black lists are used the cell reselection requires decoding of the SIB1 that in active mode results in GERAN service interruption, which may be avoided by forbidding  inter-RAT cell reselection between GERAN and E-UTRAN at all times during ongoing GERAN services or after the first failed attempt for cell reselection.
· When white lists are used the benefit is that the inter-RAT cell reselection is not triggered to a target cell belonging to a forbidden TA thus no need for SIB1 decoding and consequently no impacts to the performance of GERAN services.
The conclusions on the impacts of the measurement reporting on both black and white lists can be found in [GP-080231].
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Appendix A
In this annex, a summary of the current (inter-RAT) specified reselection procedures in idle and connected mode is provided.
1. GERAN-UTRAN Cell Reselection in Idle and Packet Transfer Mode

An MS supporting multiple RATs may monitor cells of the supported RATs and perform inter-RAT cell reselection. If the 3G Cell Reselection list includes UTRAN frequencies, the MS will perform measurements on those cells in addition to GSM cells. Measurements will be made only if the received level from the serving cell is above or below a threshold specified by Qsearch_I or Qsearch_P, which is sent in the system information. 

One of the objectives of this threshold is to avoid the mobile measuring cells of other RATs if the cell on which is camping is strong enough, thus conserving battery power. Special values of this threshold are used to indicate “measure always” or “never measure”. A mobile in packet idle mode follows practically the same procedures, but the comparison is based on a different quantity (RLA_P instead of RLA_C) and the offsets may be different (XXX_GPRS_Qoffset instead of XXX_Qoffset). The procedure is described in details in 3GPP TS 45.008.

The MS shall store the UTRAN cell RSCP suitability criterion parameters, whenever decoded from a UTRAN FDD cell of an equivalent PLMN while attempting to camp on the UTRAN FDD cell. The most recently decoded parameters from one UTRAN FDD cell of an equivalent PLMN are valid reselection criteria towards all UTRAN FDD cells. This list of parameters shall be cleared after PLMN selection 3GPP TS 23.122.

As an additional measure to avoid ping-pong effects, an MS that has performed a cell reselection from an UTRAN cell to a GSM cell is not allowed to re-select to UTRAN for 5 seconds if a suitable GSM cell can be found.

In case of a reselection attempt towards a barred UTRAN cell, the MS shall abandon further reselection attempts towards this UTRAN cell as defined by the Tbarred value on  the barred UTRAN cell 3GPP TS 25.331.

As given in 3GPP TS 45.008 In case the highest ranked UTRAN cell is not suitable 3GPP TS 25.304 due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the MS may abandon further reselection attempts towards this UTRAN cell and all other cells on the same frequency, for a period of up to 20 min. If the MS has to perform cell selection, this limitation shall be removed.

2. Network Controlled Cell Reselection

The network may request measurement reports from the MS and control its cell reselection. This is indicated by the parameter NETWORK_CONTROL_ORDER. 

While in broadcast/multicast receive mode, the MS shall operate in Network Control mode NC0 even if it had been ordered otherwise by the network. If in GMM Ready state, the mobile station shall move to NC0 upon entering broadcast/multicast receive mode. When returning to packet idle mode, the mobile station shall revert to the control mode ordered by the network before entering broadcast/multicast receive mode if the mobile station is still in GMM Ready state. If leaving broadcast/multicast receive mode to enter packet transfer mode, the MS shall apply the network control mode commanded by the network in the system information.

A set of measurement reporting parameters 3GPP TS 45.008 is broadcast on PBCCH or on BCCH if PBCCH does not exist. This set of parameters may also be sent individually to an MS on PCCCH or PACCH in:

-
a PACKET MEASUREMENT ORDER message, in which case it overrides the NC parameters broadcast in the serving cell. These individual parameters are only valid in the serving cell.

-
a PACKET CELL CHANGE ORDER message, in which case it overrides the NC parameters broadcast in the target cell. These individual parameters are only valid in the target cell.

The individual parameters are valid until the RESET command is sent to the MS or there is a downlink signalling failure or a random access failure or if the cell is barred or the C1 criterion falls below zero or the MS goes to the GMM Standby state (A/Gb mode) or RRC-Idle mode or RRC-GRA_PCH state (Iu mode) or MS enters dedicated mode (A/Gb mode) or RRC-Cell_Dedicated state (Iu mode). Before the MS has acquired NC parameters when entering a new cell, the MS shall assume mode NC0 unless NC0, NC1 or NC2 mode was explicitly commanded by a PACKET CELL CHANGE ORDER message in the previous cell. 

A parameter NC_FREQUENCY_LIST may also be sent individually to an MS on PCCCH or PACCH. This list adds/deletes frequencies to the BA(GPRS) both for cell re-selection and for measurement reports. The NC_FREQUENCY_LIST and the REP_PRIORITY are valid until an empty NC_FREQUENCY_LIST is sent to the MS, there is a downlink signalling failure or the MS selects a new cell or the BA(GPRS) that is modified by the NC_FREQUENCY_LIST changes or MS enters dedicated mode (A/Gb mode) or RRC-Cell_Dedicated state (Iu mode).

The same considerations regarding validity apply to lists that include cells with other radio access technologies. All signalling for support of network controlled cell reselection and measurement reports are defined in 3GPP TS 44.060.
( It must be noted that although this Table provides a good estimate it is not entirely correct as the skip bits have not been counted in the calculations






