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1. Introduction

Provision of Neighbour Cell Lists (NCL) to the mobile has been discussed for some time in RAN2. It can be noted that Neighbour Cell List means cell-individual information, e.g. BSIC, and not common information, e.g. offset for an entire carrier frequency. 

One major reason for omission of NCL is less operator configuration. One major reason for NCL has been reduced mobile measurement activity.

This contribution discusses the contents of the Neighbour Cell Lists (NCL) to be broadcasted in GERAN for E-UTRAN and in E-UTRAN for GERAN and makes an initial proposal.
2. GERAN broadcast

RAN 2 (see Ref. [2], section 10.2.1) has agreed that the mobile only needs a list of carrier frequencies to search and measure E-UTRA cells. From this perspective it can be concluded that GERAN is not mandated to broadcast an E-UTRAN NCL. 
2.1
E-UTRAN information relevant for cell reselection from GERAN
Ref [2] states this open issue:

-
It should be possible to prevent the UE from reselecting to specific detected neighbouring cells. The details of the mechanism are FFS;

The UE should determine the “suitability” of a target E-UTRA cell. This can be done by
· the UE temporarily “leaving” the source GERAN cell to read the broadcast information on the target cell,
· the source GERAN cell broadcasting neighbour E-UTRA cell parameters (Access Classes, TAC, etc), to be used to determine “suitability”

Proposal 1: The UE in Idle, NC0 or NC1 shall be allowed to “leave” the source GERAN cell to read the target E-UTRA cell broadcast prior to completing the cell reselection.
Although this section mainly discusses GERAN broadcast, we will look at the time needed for the UE to determine “suitability” of an E-UTRAN cell. This is useful considering that the UE is “blind” to incoming Paging messages when “leaving” the source cell, prior to camping on the new cell, and we want this period to be short.
2.1.1
Parameters to determine “suitability”

Ref [2] states that Scheduling Unit (SU-1) is sent every 80ms and it contains:

· One or more PLMN identities;

· Tracking Area Code;

· Cell identity;

· One bit for “cell barring” common for all sharing PLMNs;

· One bit for “cell reserved for operator use” per sharing PLMN (up to 6);

· One bit for “cell reservation extension” common for all sharing PLMNs;

· Scheduling information i.e. the periodicity of the other Scheduling Units (other than SU-1);

· SIB mapping information i.e. indication in which SU the SIB is included (FFS).

Two additional pieces of information are needed to determine the “suitability”: 

1 whether the E-UTRAN cell is part of an CSG and the CSG-identity
2 which Access Classes the cell supports
It has been agreed that one bit shall inform if the cell is a CSG cell, i.e. if it is ‘restricted’. This single bit is assumed to be part of SU-1.

Proposal 2: A CSG-indication is included in SU-1.
Current assumption is that the parameters [PLMN, TAC, possibly also Cell ID] will define the CSG, i.e. no further parameter is needed for this purpose. 
Regarding issue 2, it has not yet been agreed which E-UTRAN SIB/SU will carry the supported Access Classes. Potentially a 15 bit long bit map is needed to indicate allowed Access Classes. This is might be too long for SU-1, but it can be contained in a semi-frequent SU, transmitted approximately every 250ms.
Proposal 3: Allowed Access Classes in E-UTRA cells are broadcast with a repetition rate of approximately 250ms or less.

Given these proposals, “suitability” of a new cell can be determined in average 80ms for most cells (wrong PLMN, TAC, CSG) and in average 250ms for the remaining cells (right/wrong AC). Note that this allows rather infrequent reading of neighbour cells, i.e. modest battery consumption. The figure below shows the SU1 schedule.
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The UE need only read the important subframes and only until decoding has succeeded. Repeated reading/refresh is only necessary at a slow rate. Furthermore, the UE only needs to read the broadcast for cells, which may be candidates for reselection. Even though there may exist 10-30 neighbour cells, the result is that the UE in typical cases needs to be active less than 1% of the time. In normal cases there is only one new potential target cell to check, which avoids added delay.

It can be noted that in a few cases the UE has not built its list of “barred TAs”, so the cell is assumed to be suitable until the TA Update procedure is executed and the UE is rejected. However, this is no different from todays RATs.

In summary, the existing mechanisms for preventing (re)selection of individual target cells seem adequate and the “blind periods” are acceptable.

Proposal 4: re-use legacy mechanisms for preventing cell (re)selection to specified detected cells. The UE determines the “suitability” based on target E-UTRA cell broadcasted parameters (PLMN, TAC, AC, “cell reserved for operator use”)

2.1.2
Cell-individual offsets

There could also exist a need for an NCL to provide cell-individual offsets. However, RAN2 discussion indicates that, world-wide, cell-individual offsets are seldom used and are typically configured to cater for uplink/downlink imbalance (feeder losses, tower-mounted amplifiers). It is questionable if such offsets are useful when re-selecting E-UTRAN from GERAN, i.e. if GERAN is deployed in markets where the imbalancies are frequently occurring or if such fine-tuned selection is needed, considering the low frequency of RAT re-selections.
Proposal 5: exclude Cell-individual offsets in GERAN broadcast, until proven frequently useful.

2.2
E-UTRAN information relevant for handover from GERAN
PS Handover is the agreed baseline mechanism for mobility from GERAN to LTE. This mechanism relies on measurements of target cells sent from the UE. The LTE cells associated with measurements could be identified by:
1 appending a cell identity, e.g. the Physical Cell ID (9bits) to each measurement, or

2 appending an index to the “3G Neighbour Cell list” to each measurement. Either the “3G Neighbour Cell list” is extended to include also E-UTRA cells or a new “E-UTRA Neighbour Cell List” is used

The latter method is used now for UTRAN neighbour cells. Measurement reports are thus slightly smaller, since the field for BSIC is only 6 bits, which only allows an ‘index’ for non-GERAN cells. The drawback is a higher network planning effort to configure also the E-UTRA neighbour cell lists. The “3G Neighbour Cell list” can be provided via dedicated GERAN signaling, if more data on the broadcast channel is undesirable. 
Determination of “suitability” for different handover target E-UTRAN cells can be handled in different ways:

a by the UE, in case it is able to read the target E-UTRAN System Info, e.g. CSG ID, prior to sending measurements to BSS, 

b by the source BSS, if it receives UE-specific information from SGSN

c the target side, by rejecting erroneous handover attempts 
Alternative c leads to wasted signaling and is thus undesirable.Alternative a may imply long measurement delays and thus slow handover.

Hence alternative b seems preferred, in which a Neighbour Cell List is provided to the UE (possibly via dedicated signaling). However, the Gb-interface must be updated to provide BSS with the UE-specific information 

Note: this issue is already being discussed in GERAN and SA2, see S2-073086.
Proposal 6: discuss the importance of network planning effort vs. benefits of extending legacy measurement reporting procedures for GERAN. Discuss if the extended “3G Neighbour Cell list” should be provided via dedicated signaling or broadcast.
2.3 Draft GERAN E-UTRAN NCL
The E-UTRAN NCL will be needed in messages PACKET CELL CHANGE ORDER, PACKET MEASUREMENT ORDER and PACKET SYSTEM INFORMATION TYPE 3 quarter 

Assuming the above proposals are acceptable, the E-UTRA NCL could be designed as shown below:
	< 3G Neighbour Cell Description struct > ::= 


{ 0 | 1 < Index_Start_3G : bit (7) > }

{ 0 | 1 < Absolute_Index_Start_EMR : bit (7) > }

{ 0 | 1 < UTRAN FDD Description : < UTRAN FDD Description struct >> }

{ 0 | 1 < UTRAN TDD Description : < UTRAN TDD Description struct >> }

{ 0 | 1 < CDMA2000 Description : < CDMA2000 Description struct > }

{ 0 | 1 < REMOVED_3GCELL_Description : < REMOVED_3GCELL_Description struct >> }
              { 0 | 1  < E-UTRAN FDD Description : < UTRAN FDD Description struct >> }

{ 0 | 1 < E-UTRAN TDD Description : < UTRAN TDD Description struct >> } ;



	< E-UTRAN FDD Description struct > ::=

{ 1 < Repeated UTRAN FDD Neighbour Cells : < Repeated UTRAN FDD Neighbour Cells struct >> } ** 0 ;



	< Repeated E-UTRAN FDD Neighbour Cells struct > ::=

0 < FDD-ARFCN : bit (14) >

< FDD_Indic0 : bit >

< NR_OF_E-UTRA_FDD_CELLS : bit (5) >

< E-UTRA_FDD _CELL_INFORMATION Field : bit(p(NR_OF_FDD_CELLS)) > ; 











-- p(x) defined in table 11.2.9x/3GPP TS 44.060.



	< E-UTRAN TDD Description struct > ::=

{ 1 < Repeated UTRAN TDD Neighbour Cells : < Repeated UTRAN TDD Neighbour Cells struct >> } ** 0 ;



	< Repeated UTRAN TDD Neighbour Cells struct > ::=

0 < TDD-ARFCN : bit (14) >

< TDD_Indic0 : bit >

< NR_OF_E-UTRA_TDD_CELLS : bit (5) >

< E-UTRA_TDD_CELL_INFORMATION Field : bit(q(NR_OF_TDD_CELLS)) > ; 











-- q(x) defined in table 11.2.9x/3GPP TS 44.060.




3. E-UTRAN broadcast

The current assumption in the RAN2 RRC conference calls – to be endorsed by RAN2 -  is that only dedicated signaling is used in LTE_ACTIVE Mode. Hence this section mainly discusses NCL information to be used in LTE_IDLE mode.

RAN2 has discussed the amount of guidance the network provides to a UE camping on E-UTRAN regarding inter-RAT neighbor cells to measure on, both in Idle and Active states. 
36.300 (Ref. [2]) states that cell-specific cell reselection parameters need to be broadcasted for GERAN: 
-
Each neighbouring GERAN cell needs to be indicated in the serving cell system information to enable the UE to search and measure a cell i.e. it is not sufficient to indicate the list of BCCH frequencies (range);
This document looks into what GSM cell-individual information may be needed and compares with what has earlier been specified for mobiles camping on GERAN and UTRAN.
3.1
GSM information relevant for cell reselection in LTE_IDLE
We first look at the information provided to a GERAN MS while operating on a GERAN cell ([3], [4]), as an hint of what may be needed from the LTE side.

The original basic method for GERAN measurements is as follows: 
· Measure on assigned neighbour carriers. 
· These carriers are given by ARFCN values found on System Information 2/2bis/2ter which are part of BCCH of the cell, which the mobile is camping on.
Later System Information 2quater was added , which informs the mobile about individual GSM cell identities (BSIC) and 3G-neighbours. The main reason for providing the BSIC identities is that the mobile may otherwise postpone the “BSIC re-identification” up to 10 seconds, which means that the mobile uses the old association ARFCN-BSIC, although it may have become obsolete after a cell change. 

In GERAN other cell-individual parameters might be used. The following GERAN functions and parameters are available to adjust the cell reselection:
a HCS (threshold, prio level) and 
b SoLSA parameters (PRIO_THR, LSA_OFFSET, MCC, MNC and LSA ID)
Note: SoLSA can probably be neglected, since it has probably never been deployed.
c BSIC (optionally available in SI2quater), 
d Parameters CELL_BAR_ACCESS, SAME_LA/RA_AS_SERVING_CELL RXLEV_ACCESS_MIN, CELL_BAR_QUALIFY, MS_TXPWR_MAX_CCH, CELL_RESELECT_OFFSET, TEMPORARY_OFFSET and PENALTY_TIME (all per cell in “GSM Neighbour Cell Selection params struct”; optionally available in SI2n, alternatively on SI3 of the neighbour cells).
e LAC/RAC 
When camping on UTRAN, the following cell-individual GSM information is available in the “Inter-RAT cell info list” on SIB11/12:

f BSIC (plus ARFCN and Band indicator)
To reduce the inter-RAT measurement load in the UTRAN-GERAN case, the parameters a-e are not part of the decision to “temporarily select” a UTRAN or GERAN cell, but is taken in consideration only after reading of the target BCCH. If the target cell is found to be suitable, then the re-selection procedure is finalized, otherwise the mobile returns to the source cell and continues the measurements and evaluation.
The same principle is proposed for direction LTE→GERAN (similar to Proposal 1 for the direction GERAN→LTE). Furthermore, it is proposed to neglect GERAN HCS parameters in the RAT selection and use one common offset value for all GERAN cells (possibly per frequency band) in relation to LTE.
Proposal 7: The UE in LTE_IDLE state is allowed to “leave” the source E-UTRAN cell to read the target GERAN cell broadcast, in order to determine its ‘suitability’, prior to completing the cell reselection
BSIC is often needed in densely planned networks, since there may exist more than one neighbour cell on a specific carrier, i.e. the carrier is not a unique identifier. Since most GSM networks are becoming “dense”, the BSIC value can be included in the NCL as in UTRAN
Proposal 8: BSIC (plus ARFCN and Band indicator) is included in the GERAN NCL, which is broadcasted on E-UTRAN.
3.2 GSM information for LTE_ACTIVE measurements
The working assumption from the RAN2 RRC Conference call indicates that no broadcast (SIB) information is used in LTE_ACTIVE and hence guidance to the UE will be provided only via dedicated signalling. This makes the ‘broadcast issue’ out of scope, but nevertheless we make a few notes on the potential use of GERAN cell-specific information.
In UTRAN and E-UTRAN “event” reports are normally used, so the UE must “bias” the values according to offset and hysteresis values prior to the report. In UTRAN, the MEASUREMENT CONTROL may inform the mobile about the neighbour cell BSIC values. This is present in the IE Inter-RAT cell info list. It may also, via the IE “BSIC Verification” request that the mobile verifies BSIC prior to reporting a cell. This is commonly used in current networks to minimize the risk of  erroneous cell association in densely planned GSM networks. These procedures are assumed to be re-used, but with no cell-individual offsets.
All other neighbour cell barring and (service/subscription-based) priority can be performed by the network. Preferably the serving LTE eNB selects suitable target cells for handover based on information received per UE from the MME. Should this source side information be out of date, then the target SGSN and BSS can reject the handover attempt. 

Note: One exception is SoLSA information, because this is stored on the SIM card, but since SoLSA has not been deployed, this case need not be considered.
4.
Conclusion

It is suggested that the meeting evaluates these proposals and agrees to them.
Proposal 1: The UE in Idle, NC0 or NC1 shall be allowed to “leave” the source GERAN cell to read the target E-UTRA cell broadcast prior to completing the cell reselection.

Proposal 2: A CSG-indication is included in SU-1.

Proposal 3: Allowed Access Classes in E-UTRA cells are broadcast with a repetition rate of approximately 250ms or less.

Proposal 4: re-use legacy mechanisms for preventing cell (re)selection to specified detected cells. The UE determines the “suitability” based on target E-UTRA cell broadcasted parameters (PLMN, TAC, AC, “cell reserved for operator use”)

Proposal 5: exclude Cell-individual offsets in GERAN broadcast, until proven frequently useful.

Proposal 6: discuss the importance of network planning effort vs. benefits of extending legacy measurement reporting procedures for GERAN.

Proposal 7: The UE in LTE_IDLE state is allowed to “leave” the source E-UTRAN cell to read the target GERAN cell broadcast, in order to determine its ‘suitability’, prior to completing the cell reselection
Proposal 8: BSIC (plus ARFCN and Band indicator) is included in the GERAN NCL, which is broadcasted on E-UTRAN.
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