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LTE-GERAN Interworking – Inter-RAT Cell Reselection
1 Introduction

In 3GPP, the specification of the E-UTRAN (LTE) is ongoing. In order to maintain seamless mobility across different technologies, a Work Item to introduce in the GERAN specifications the functionality required for interworking between GERAN and LTE has been agreed [1]. 
In this contribution an overview of intra-RAT and inter-RAT (UTRAN-GERAN) cell reselection procedures is provided. The purpose is to use a similar approach to inter-RAT cell reselection procedure in which LTE is one of the involved RATs as it is done in inter-RAT cell reselection employed for UMTS and GSM networks. The goal is to identify the principles along which the details of radio (coverage) based idle mode inter-RAT mobility control can be specified.  Also, a summary of the parameters defined for the existing (GERAN-UTRAN) inter-RAT cell reselection process is provided, together with a discussion of whether they can be reused for LTE and/or whether new parameters for LTE need to be defined.

Part of the content in this paper is motivated by a similar paper discussing inter-RAT cell reselection principles which has been presented in RAN2 [3].

The discussions in this paper are beneficial as an input to provide a response to the LS that TSG GERAN has received from RAN2 [2].
2 Cell Selection and Cell Reselection in GERAN
2.1 Initial cell selection
When the MS is switched on, it first chooses the mobile network (PLMN) to which it will connect along with the specific RAT that it will use. The PLMN and RAT selection process [10] [13] take into account user preferences (may be set manually by the user) and also information residing on the SIM card. After network selection, the MS performs initial cell selection. This can be done by utilizing two different procedures; normal cell selection or stored list cell selection. Further details on both procedures are described in TS 43.022 [13] and TS 45.008 [16].
The MS uses a "path loss criterion" C1 to determine whether a cell is suitable to camp on [16].

2.2 Cell reselection in (packet) idle mode

After cell selection, in order to ensure that it camps on the best cell, an MS in (packet) idle mode continuously monitors the BCCH carrier of the serving cell and all BCCH carriers as indicated in the neighbour cell list. The particular neighbour cell list to be used for measurements depends on several factors, i.e. whether GPRS functionality is enabled in the mobile
, whether the PBCCH is present in the cell or not, etc. For example, in case of packet idle mode, if cells of other RATs are not included in the System Information, the cells to be monitored are defined in the BA(GPRS) list, which is broadcast on PBCCH; if PBCCH does not exist, BA(GPRS) is equal to BA(BCCH). In order to optimize cell reselection, additional cell reselection parameters can be broadcasted as part of the system information of each cell. 
The cell reselection process is based on the C2 criterion which depends on these parameters [16]. For GPRS, cell reselection is based on the C32 criterion.
The following events trigger a cell reselection [13]:
i)
The path loss criterion parameter C1 indicates that the path loss to the cell has become too high;

ii)
There is a downlink signalling failure;

iii)
 The cell camped on (current serving cell) has become barred; 

iv) There is a better cell (in terms of the path loss criterion C2) in the same registration area, or a much better cell in another registration area of an equivalent PLMN;
v)
A random access attempt is still unsuccessful either after "Max retrans" repetitions; "Max retrans" being a parameter broadcast on control channel, or in case the time given for the packet access procedure expires before the mobile station receives any response from the network;

vi)
 Upper layers have determined that the network has failed an authentication check.
Before camping on the cell after reselection, the MS attempts to decode the full set of system information from the target cell. The mobile checks whether the cell is barred or whether it belongs to a “forbidden LA for roaming” [13]; in either case, the mobile will try another cell, in descending order of received signal strength. The MS also checks whether the parameters affecting the cell reselection have changed. If a change is detected the MS checks if the cell reselection criterion is still valid using the changed parameters. If the cell selection criteria are still valid, the MS camps on the cell; if they are no longer valid, the MS repeats this process for the cell with the next highest value of C2.

The procedure above is valid also for a mobile in packet transfer mode if the MS perform autonomous cell reselection (i.e., if the Network Control Order is not set to NC2, see [16]).

2.3 GERAN-UTRAN Cell Reselection
An MS supporting multiple RATs may also 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 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”.
If the MS performs measurements on cells of other RATs, in idle mode it will reselect a suitable UTRAN cell if [16]:
-
for a TDD cell the measured RSCP value exceeds the value of RLA_C for the serving cell and all of the suitable non-serving GSM cells by the value XXX_Qoffset for a period of 5 s and

-
for an FDD cell the following criteria are all met for a period of 5 s: 

A. its measured RSCP value exceeds the value of RLA_C for the serving cell and all of the suitable non-serving GSM cells by the value XXX_Qoffset,

B. its measured Ec/No value is equal or greater than the value FDD_Qmin - FDD_Qmin_Offset, and

C. its measured RSCP value is equal to or greater than FDD_RSCP_threshold.

Ec/No and RSCP are the measured quantities, which are defined in TS 25.215 for FDD and TS 25.225 for TDD (the corresponding requirements are defined in TS 25.133 and TS 25.123 for FDD and TDD, respectively). If more than one UTRAN cell fulfils the above criteria, the MS selects the cell with the greatest value of RSCP.
In packet idle mode, if the PBCCH is present in the cell, the mobile will follow the same procedure, 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).

It is worth noting that, in order to calculate the quantities above, certain parameters may need to be read from the system information of neighbouring cells of the other RAT (e.g. from an LTE cell); default values will be used until one such cell has been found.

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.
The behaviour of the mobile has been standardised also for other scenarios [16]. For example, if the MS attempts a reselection towards a barred UTRAN cell, the MS abandons further reselection attempts towards this cell for a time given by the Tbarred parameter, which is read from the system information of the barred cell (see [12]). Otherwise, if the target UTRAN cell is not suitable due to being part of a Location Area which is “forbidden for roaming”, the MS can abandon further reselection attempts towards that cell (and all other cells on the same frequency) for a period of up to 20 minutes.

3 LTE - GERAN Inter-RAT Cell Reselection
Based on the inter-RAT cell reselection process between GERAN and UTRAN, in this section a further discussion of the existing inter-RAT cell reselection principles is provided. These can be used as basis for the definition of inter-RAT cell reselection in which LTE is one of the involved RATs.

An inter-RAT cell reselection can be motivated by several drivers while in idle mode. Some of these drivers for the inter-RAT cell reselection process are discussed in [6] (they have also been proposed for inclusion in Annex E of TS 36.300 [7]). However the most important one is radio conditions (coverage). For instance, an operator may configure its RAN such that whenever LTE coverage is available MS will (re-)select LTE. This may be combined with e.g. signal strength or signal quality measurements; LTE will be the preferred RAT if LTE signal strength is sufficiently better than other available RATs.

To perform the radio based inter-RAT cell reselection mechanisms the MS should first identify the other available RATs and after that compare these available RATs and eventually select one on which it should camp in.

3.4 Identification of other available RATs
For the identification of other RATs a set of information can be available that can affect how the MS searches for (and measures on) other available RATs [3]. The relevant ones for the LTE-GERAN interworking which should be the focus of standardization are:
1. LTE Measurements. Preliminary examples of such UE measurements may be the Reference Symbol Received Power (RSRP), Received Signal Strength Indicator (RSSI) and Reference Symbol Received Quality (RSRQ).

2. Associated threshold values that are part of the broadcast system information. For instance, the appropriate system information may be a vector whose elements specify a set of minimum values (for RSRP/RSSI/RSRQ or possibly other measurements), under which the LTE cell is not selectable. Special values of this SI can indicate that the UE should never or always measure on other (or some specific) RAT(s).
3.5 RATs Comparison (and selection) 
When the MS realizes there is no cell on its camped RAT that fulfils some minimum requirements in terms of signal strength and/or signal quality it starts measurements on other available RATs. For that the MS requires information about inter-RAT neighbour cells. In GSM such information about UTRAN neighbour cells is provided by the System Information 2ter and 2quater (and their corresponding Packet System Information messages); and similarly the GSM neighbour cells are broadcast in the BCH in UTRAN.
Now the MS has to know what measurement quantity it should actually measure and decide on which LTE and other RAT cells qualify for cell ranking. In GERAN-UTRAN interworking, for UTRAN cells, the GSM network broadcasts a minimum value both for CPICH RSCP (FDD_RSCP_threshold) and CPICH Ec/N0 (FDD_Qmin). When reselecting LTE from GERAN and UTRAN, it must be specified LTE specific measurement quantities that must be available in UTRAN and GERAN broadcast information.

After collecting the various measurement values, the MS has to compare and decide on which specific cell it will camp. Here the specific cell reselection algorithm may take into account RAT specific hysteresis, offset and timer values (that can be similar to Qhyst and Qoffset in UTRAN and FDD_Qoffset in GSM). 

The inter-RAT cell reselection should therefore directly rely on the following group of parameters [3]:
· Threshold values associated with intra-LTE measurements. Such threshold values indicate when the UE should start inter-RAT measurements. Special values indicate “ALWAYS” or “NEVER”.
· Inter-RAT Neighbour cell information. Parameters belonging to this group give information to the UE regarding which non-LTE cells it should measure on. 
· Minimum values. Parameters in this group allow the MS to classify measured inter-RAT cells as selectable.

· Hysteresis, offset values and timer values: These parameters allow the MS to make a cell reselection decision such that the MS camps on the best cell and ping-ponging effects are avoided. 

Table 1 in Annex A lists the system information parameters controlling inter-RAT operation when in idle mode or dedicated mode; Table 2 in Annex A lists the system information parameters controlling inter-RAT operation when in packet idle mode or packet transfer mode.
It should be discussed whether the existing parameters can be reused for LTE or new parameters need to be defined. For example, the existing parameters Qsearch_I and Qsearch_P could be reused for LTE, thus saving space in the system information messages; however, an operator that wishes to set different priorities towards different RATs may wish to define different parameters for LTE and UTRAN. For example, in the initial stages of deployment, LTE coverage and site density would be different from UTRAN, so it may be difficult to use the same parameters. On the other hand, parameters like the cell reselection offsets (such as XXX_Qoffset) or the minimum values for reselection (such as FDD_Qmin and FDD_RSCPmin) tend to be tightly linked to the specific radio access technology, so it is likely that new parameters will need to be defined for E-UTRAN.
It needs to be defined which of these parameters can be reused for LTE and consequently define new corresponding ones for LTE. In fact, it should be discussed whether some parameters should be defined for LTE at all. 
A similar discussion regarding which cell reselection parameters should be defined within LTE is also ongoing in RAN2, see for example [4] and [5].
4 Redirection upon release of traffic channels

In the GERAN specifications, a mechanism that allows the operator to redirect an MS to a specific RAT after the termination of a call has been specified. In general, when the MS releases a traffic channel and returns to (packet) idle mode, it will camp on the cell whose channel has just been released. However if the CHANNEL RELEASE message contains a “cell selection indicator after release of all TCH and SDCCH” [14], the MS will reselect to the cell (or one of the cells) indicated in that message. These could be GSM or UTRAN cells
.

This is useful because operators may want to be able to move a certain amounts of traffic to specific RATs e.g. for traffic distribution or load reasons (for example, they may want to redirect voice calls so that they could be served by GSM). Upon termination of a call, the operator could then make the mobile return to the original RAT. This would be possible with the normal cell selection procedures (by appropriately setting the reselection thresholds); however, this would be inefficient
.
A similar procedure as the one described above could be adopted in GERAN-LTE interworking. This will be important especially if redirection from LTE to GERAN is used for voice calls [9]; in this case, the operator may want to redirect the mobile to LTE when the voice call is finished, prioritising LTE in cell reselection for multi-RAT capable MS.
It is estimated that modifying the existing procedure to cover also LTE will require minimum standardisation effort. All that needs to be done is to add the possibility for the network to indicate an LTE cell in the “Cell Selection Indicator after release of all TCH and SDCCH” IE (see subclause 10.5.2.1e of [14]).
5 Conclusion and Further Works
In this contribution, an overview of the intra-RAT and inter-RAT (GERAN-UTRAN) cell reselection procedures has been presented. It is proposed that the procedure used to GERAN-UTRAN inter-working cell reselection should be basis for the one in GERAN-LTE. 
A set of parameters has to be defined for the LTE-GERAN cell reselection process as it is already done for UTRAN-GERAN. Some issues on the details of the cell reselection process must be clarified/defined such as:

- Mobiles supporting GERAN, UTRAN and E-UTRAN could experience short battery life if monitoring all other RATs while in (packet) idle mode. Some existing features are designed to save battery life (e.g. Qsearch_I, Qsearch_P).  It needs to be investigated if additional battery-saving features can be introduced (e.g. by reducing the amount of monitoring).

- Prioritizing LTE cells for the redirection upon release of traffic channels enabling the MS to reselect to original RAT i.e. LTE e.g upon voice call termination 
Those aspects may be further studied in future contributions. 

6 References

[1] GP-061757, “Work Item Description: GERAN support for GERAN-3G Long Term Evolution interworking”, GERAN#31, Denver (USA), 4-8 September 2006
[2] R2-071573, “LS on neighbour cell list in LTE”, RAN2#57bis, St Julian’s (Malta), 26-30 March 2007; presented to GERAN#34 as GP-070729
[3] R2-070571, “On Inter-RAT Cell Reselection Principles”, Ericsson, RAN2#57, St. Louis (Missouri, USA), 12-16 February 2007; revised in R2-071833, “On Inter-RAT Cell Reselection Principles”, Ericsson, RAN2#58, Kobe (Japan), 7-11 May 2007
[4] R2-071950, “Support of procedures/features related to inter-frequency/inter-RAT mobility”, T-Mobile, NTT DoCoMo, Vodafone, Orange, Telecom Italia, RAN2#58, Kobe (Japan), 7-11 May 2007
[5] R2-071808, “Summary of email discussion on cell reselection parameters in LTE”, Ericsson, Kobe (Japan), 7-11 May 2007
[6] R2-071560, “Inter-frequency/RAT mobility control drivers (text proposal)”, NTT DoCoMo, RAN2#57bis, St. Julian’s (Malta), 26-30 March 2007
[7] R2-071712, “Draft CR 36.300 Stage 2 Update”, Nokia Siemens Networks (Rapporteur), RAN2#58, Kobe (Japan), 7-11 May 2007
[8] GP-040542, “CR 45.008-198 rev 4 Addition of “cell selection indication” for cell selection at release of TCH or SDCCH”, T-Mobile, GERAN#18, Reykjavik (Iceland), 2-6 February 2004
[9] GP-070797, “Redirection of VoIP Calls From LTE to GERAN Upon Call Setup”, Nokia, Nokia Siemens Networks, GERAN#34, Shenzhen (China), 14-18 May 2007
[10] 3GPP TS 23.122, “Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode”
[11] 3GPP TS 25.304, “User Equipment (UE) procedures in idle mode and procedures for cell reselection in connected mode”
[12] 3GPP TS 25.331, “Radio Resource Control (RRC); Protocol Specification”
[13] 3GPP TS 43.022, “Functions related to Mobile Station (MS) in idle mode and group receive mode”
[14] 3GPP TS 44.018, “Radio Resource Control (RRC) protocol”
[15] 3GPP TS 44.060, “Radio Link Control/Medium Access Control (RLC/MAC) protocol”
[16] 3GPP TS 45.008, “Radio subsystem link control”
7 Annex A
Table 1 lists the parameters controlling inter-RAT operation transmitted in System Information when in idle mode or dedicated mode (see [14] and [16]):

Table 1 - Parameters affecting inter-RAT cell selection in idle mode and packet idle mode (from TS 45.008 [16])
	Parameter name
	Description
	Range
	Bits
	Channel

	3G_BA_IND
	Sequence number of 3G neighbour cell list
	0/1
	1
	BCCH D/L 

SACCH D/L

	Qsearch_I
	Search for 3G cells if signal level is below (0‑7) or above (8‑15) threshold
0 = - 98 dBm, 1 = - 94 dBm, … , 
6 = - 74 dBm, 7 = ( (always) 
8 = - 78 dBm, 9 = - 74 dBm, … , 
14 = - 54 dBm, 15 = ( (never).
Default value = ( (never).
	0-15
	4
	BCCH D/L

	Qsearch_C_Initial
	Indicates the Qsearch value to be used in connected mode before Qsearch_C is received,
0 = use Qsearch_I, 1 = ( (always).
Default value = use Qsearch_I.
	0/1
	1
	BCCH D/L

	XXX_Qoffset
	Applies an offset to RLA_C for cell reselection to access technology/mode XXX (one or more)
0 = - ( (always select a cell if acceptable), 
1 = -28 dB, 2 = -24 dB, … , 15 = 28 dB.
Default value = 0 dB.
	0-15
	4
	BCCH D/L

	FDD_Qmin
	A minimum threshold for Ec/No for UTRAN FDD cell reselection,
0= -20dB, 1= -6dB, 2= -18dB, 3= -8dB, 4= -16dB, 5= -10dB, 6= -14dB, 7= -12dB.

Default value= -12dB.
	0-7
	3
	BCCH D/L

	FDD_Qmin_Offset
	Applies an offset to FDD_Qmin value,

0 = 0 dB, 1 = 2 dB, 2 = 4 dB, 3 = 6 dB, 4 = 8 dB, 5 = 10 dB, 6 = 12 dB, 7 = 14 dB. 

Default value = 0 dB.
	0-7
	3
	BCCH D/L

	FDD_RSCPmin
	A minimum threshold of RSCP for UTRAN FDD cell reselection,

0 = -114 dBm, 1 = -112 dBm, 2 = -110 dBm, 3 = -108 dBm, 4 = -106 dBm, 5 = -104 dBm, 6 = -102 dBm, 7 = -100 dBm, 8 = -98 dBm, 9 = -96 dBm, 10 = -94 dBm, 11 = -92 dBm, 12 = -90 dBm, 13 = -88 dBm, 14 = -86 dBm, 15 = -84 dBm.

Default value = -102 dBm.
	0-15
	4
	BCCH D/L


Table 2 lists the parameters controlling inter-RAT operation transmitted in system information when in packet idle mode or packet transfer mode (see [15] and [16]). Note that some of the parameters are related to measurement reporting in packet transfer mode.
Table 2 - Parameters affecting inter-RAT cell selection in packet idle mode and packet transfer mode (from TS 45.008 [16])
	Parameter name
	Description
	Range
	Bits
	Channel

	3G_BA_IND
	Sequence number of 3G neighbour cell list
	0/1
	1
	PBCCH/DL

	Qsearch_P
	Search for 3G cells if signal level below threshold (0-7): 
- 98, - 94, … , - 74 dBm, ( (always) 
or above threshold (8-15):
 - 78, - 74, … , - 54 dBm, ( (never).
Default value = ( (never).
	0-15
	4
	PBCCH D/L

PCCCH D/L
PACCH D/L
(**)

(See note 1)

	XXX_GPRS_Qoffset
	Applies an offset to RLA_P for cell reselection to access technology/mode XXX (one or more), 
0 = - ( (always select a cell if acceptable), 
1 = -28 dB, 2 = -24 dB, … , 15 = 28 dB.
Default value = 0 dBm.
	0-15
	4
	PBCCH D/L

	FDD_Qmin
	A minimum threshold for Ec/No for UTRAN FDD cell reselection,
0= -20dB, 1= -6dB, 2= -18dB, 3= -8dB, 4= -16dB, 5= -10dB, 6= -14dB, 7= -12dB.

Default value= -12dB.
	0-7
	3
	PBCCH D/L

	FDD_Qmin_Offset
	Applies an offset to FDD_Qmin value,

0 = 0 dB, 1 = 2 dB, 2 = 4 dB, 3 = 6 dB, 4 = 8 dB, 5 = 10 dB, 6 = 12 dB, 7 = 14 dB.

Default value = 0 dB. 
	0-7
	3
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	FDD_RSCPmin
	A minimum threshold of RSCP for UTRAN FDD cell reselection,

0 = -114 dBm, 1 = -112 dBm, 2 = -110 dBm, 3 = -108 dBm, 4 = -106 dBm, 5 = -104 dBm, 6 = -102 dBm, 7 = -100 dBm, 8 = -98 dBm, 9 = -96 dBm, 10 = -94 dBm, 11 = -92 dBm, 12 = -90 dBm, 13 = -88 dBm, 14 = -86 dBm, 15 = -84 dBm.

Default value = -102 dBm.
	0-15
	4
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	XXX_MULTIRAT_REPORTING
	The number of cells from the access technology/mode XXX (one or more) that shall be included in the measurement report.
	0-3
	2
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	XXX_REPORTING_THRESHOLD
	Apply priority reporting if the reported value is above threshold for GSM frequency band or access technology/mode XXX (one or more), 
0, 6, … , -36, ( (never).
Default value = always.
	0-7
	3
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	FDD_REPORTING_THRESHOLD_2
	Reporting threshold for the CPICH parameter (Ec/No or RSCP) that is not reported according to FDD_REP_QUANT.

Default value = 0 (disabled)
	0-63
	6
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	XXX_REPORTING_OFFSET
	Apply en offset to the reported value when prioritising the cells for reporting for GSM frequency band or access technology/mode XXX (one or more), 0, 6, … , 42 dB.
Default value = 0 dB.
	0-7
	3
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	FDD_REP_QUANT
	Indicates the reporting quantity for UTRAN FDD cells,
0 = RSCP, 1 = Ec/No
	0/1
	1
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)

	3G_SEARCH_PRIO
	Indicates if 3G cells may be searced when BSIC decoding is required,
0 = no, 1 = yes

Default value = yes
	0/1
	1
	PBCCH D/L
PCCCH D/L
PACCH D/L
(**)








� It is assumed that most mobiles currently on the market support GPRS, however the user has the option to turn off this functionality.


� It may be possible to indicate a UTRAN frequency only in the message; in that case, the MS will camp on a suitable cell of that frequency.


� As explained in � REF _Ref165204484 \w \h ��[8]�, this may require one or two unnecessary location area or routing area updates, with the associated network signalling load and additional time required.
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