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1
Introduction
In this paper current status of RAN for LTE/GERAN interworking is provided.
2
Discussion
2.1
Neighbour cell lists
2.1.1 LTE -> GERAN

In RAN there has been discussion whether there is a need to indicate each neighbouring GERAN cell in the serving cell system information to enable the UE to search and measure a cell i.e. or if it is not sufficient to indicate the list of BCCH frequencies (“BA range”); Based on the initial feedback RAN2 received from GERAN in their LS (R2-072888) it was agreed that each neighbouring GERAN cell needs to be indicated in the serving cell system information explicitly to enable the UE to search and measure a cell i.e. it is not sufficient to indicate the list of BCCH frequencies (“BA range”);It FFS if there is need to contain cell specific cell reselection parameters (e.g. offset) for specific GSM neighbouring cells;
It was seen necessary also to limit mobility to some cells and thus there should be mechanism (details FFS) to prevent UE selecting specific cells (“blacklist”).

RAN4 has recommeded in a LS [2] to RAN2 and GERAN that a NCL is provided for UTRAN monitoring purposes to ensure that performance requirements for LTE to UTRAN handover and cell reselection can be similar to those in UTRAN networks.
2.1.2 GERAN -> LTE

For inter-frequency measurements in E-UTRAN, it has been agreed by RAN2 that it is sufficient  to only indicate the carrier frequencies of E-UTRAN neighbouring cells to enable the UE to search and measure E-UTRA neighbouring cells. It has also been agreed that there is no need to indicate cell-specific cell reselection parameters i.e. these parameters are common to all neighbouring cells on a given E-UTRA carrier frequency.  But it should be possible in the neighbour cell list to prevent the UE from reselecting to specific detected neighbouring cells. For cell reselections within E-UTRA and from E-UTRA it is assumed that this information is provided by the serving cell. 
TSG GERAN should evaluate whether this approach could be followed also in GERAN for inter-RAT measurements on E-UTRAN cells.
2.2
Measurements
2.2.1
In E-UTRAN

Measurements to be performed by a UE for inter-RAT mobility are controlled by E-UTRAN, using only dedicated control signalling in RRC_CONNECTED state ( agreed in RAN2 RRC call conference (still to be endorsed in the RAN2 meeting)). It shall then follow the measurement parameters specified by RRC or MAC commands (FFS).

In RRC_IDLE state, a UE shall follow the measurement parameters specified by the E-UTRAN broadcast. The use of dedicated measurement control is FFS

-
Measurements may be omitted if the serving cell attribute fulfils particular search or measurement criteria. Additionally some priorities may be used to indicate which measurements may be omitted. The criteria, rules and priority concept relating to which measurements may be omitted are FFS;
- 
Measurements could also be omitted by the UE if the highest ranked E-UTRAN cell is not suitable (details are defined in TS 36.304).
2.2.2
In GERAN
From GERAN, E-UTRAN measurements are performed in GSM idle frames in a time multiplexed manner. However, it was identified that RAN should discuss with GERAN how to ensure that inter-RAT measurements do not take too much measurement time, while the requested 3GPP inter-RAT measurements can be performed well enough.

2.2.2.1
Cell search

Frame structure Type 1 is illustrated in Figure 1. It is used for both FDD and TDD. Each 10 ms radio frame is divided into ten equally sized sub-frames (1 ms). Each sub-frame consists of two equally sized slots (0.5 ms). For TDD, each sub-frame can be assigned for either downlink or uplink transmission, although there are certain restrictions in the assignment as the first and sixth sub-frame of each frame include the downlink synchronization signals.
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Figure 1: Frame structure Type 1
In addition, for coexistence with LCR-TDD, an alternative frame structure (Frame structure Type 2, illustrated in Figure 2) is also supported when operating E-UTRA in TDD mode.
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Figure 2: Frame structure Type 2
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth corresponding to 72 sub-carriers and upwards. 

E-UTRA cell search is based on following signals transmitted in the downlink: the primary and secondary synchronization signals, the downlink reference signals.

For frame structure type 1, the primary and secondary synchronization signals are transmitted over the centre 72 sub-carriers in slot #0 and slot #10 of each frame.  For frame structure type 2, the primary synchronization signal is transmitted in the DwPTS field, while the , the secondary synchronization signal is transmitted in the last OFDM symbol of subframe 0.
Neighbour-cell search is based on the same downlink signals as initial cell search.

2.2.2.2 
Measurement Quantities 

RAN1 has agreed the following E-UTRA UE measurement quantities for mobility purposes. 
RSRP

UE measurement: Reference signal received power (RSRP):
	Definition
	Reference signal received power (RSRP) is determined for a considered cell as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 and if available R1 according TS 36.211 [x] can be used.

If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.

	Applicable for
	LTE_DETACHED,

LTE_IDLE (RRC_IDLE) intra-frequency,

LTE_IDLE (RRC_IDLE) inter-frequency,

LTE_ACTIVE (RRC_CONNECTED) intra-frequency,

LTE_ACTIVE (RRC_CONNECTED) inter-frequency


Note: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

RSRQ

UE measurement: Reference Signal Received Quality (RSRQ):

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 

	Applicable for
	LTE_DETACHED

LTE_IDLE (RRC_IDLE) intra-frequency 

LTE_IDLE (RRC_IDLE) inter-frequency 

LTE_ACTIVE (RRC_CONNECTED) intra-frequency

LTE_ACTIVE (RRC_CONNECTED) inter-frequency


E-UTRA carrier RSSI

UE measurement: E-UTRA carrier RSSI:

	Definition
	E-UTRA Carrier Received Signal Strength Indicator, comprises the total received wideband power observed by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

	Applicable for
	TBD


However, RAN4 is still discussing the feasibility and details of RSRQ and E-UTRA carrier RSSI measurement quantities. 

2.2.3
Limiting measurement load at UE

Introduction of E-UTRA implies co-existence of various UE capabilities. Each UE may support different combinations of RATs, e.g., E-UTRA, UTRA, GSM, and non-3GPP RATs, and different combinations of frequency bands, e.g., 800 MHz, 1.7 GHz, 2 GHZ, etc.Despite such heterogeneous environment, the measurement load at UE should be minimised. To limit the measurement load and the associated control load:

-
E-UTRAN can configure the RATs and frequencies to be measured by UE (also depending on UE capabilites);

-
The number of measurement criteria (event and periodic reporting criteria) should be limited (as in TS 25.133 subclause 8.3.2 [7]);

-
E-UTRAN should be aware of the UE capabilities for efficient measurement control, to prevent unnecessary waking up of the measurement entity;

-
The UE capabilities should be categorised to prevent diversion of capabilities and conformance test scenarios, FFS;

-
Support for blind HO (i.e., HO without measurements/measurement reports from UE) is FFS – Note: Blind HO/Cell Change Order (NACC) to GERAN is supported as presented in chapter 2.3
-
Measurements may be omitted if the serving cell attribute fulfils particular search or measurement criteria. The criteria and rules relating to which measurements may be omitted are FFS
-
Measurements could also be omitted by the UE if the highest ranked E-UTRAN cell is not suitable (details are defined in TS 36.304).
2.2.4
Measurement Gaps
For inter-frequency/RAT mobility from E-UTRAN, the UE needs idle gaps to perform measurements on other frequency layers/RATs. In addition, for inter-RAT, E-UTRAN measurements while the UE is in another RAT (UTRAN/GERAN) need to be supported. It should be discussed whether in certain cases (e.g., co-located E-UTRAN cells within the same frequency band) the measurements can be omitted.

Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non-gap assisted. A non-gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed. Gap patterns (as opposed to individual gaps) are allocated by E-UTRAN to UEs. 
2.3
RRC_CONNECTED state mobility

Inter RAT HO and inter-RAT cell change order with NACC to GERAN is designed so that changes to GERAN and UTRAN are minimised. This can be done by following the principles specified for GERAN to/from UTRAN intersystem HO. In particular the following principles are applied to E-UTRAN Inter RAT HO or inter-RAT cell change order with NACC to GERAN design:

1.
Inter RAT HO is network controlled through source access system. The source access system decides about starting the preparation and provides the necessary information to the target system in the format required by the target system. That is, the source system adapts to the target system. The actual handover execution is decided in the source system.

2.
Inter RAT HO is backwards handover, i.e. radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

3.
To enable backwards handover, and while RAN level interfaces are not available, a control interface exists in CN level. In Inter RAT HO involving E-UTRAN access, this interface is between 2G/3G SGSN and corresponding MME/Serving Gateway.

4.
The target access system will be responsible for giving exact guidance for the UE on how to make the radio access there (this includes radio resource configuration, target cell system information etc.). This information is given during the handover preparation and should be transported completely transparently through the source access system to the UE.

5.
Mechanisms for avoiding or mitigating the loss of user data (i.e. forwarding) can be used until the 3GPP Anchor determines that it can send DL U-plane data directly to the target system.

6.
The handover procedure should not require any UE to CN signalling in order for data to start to flow in the target system. This requires that the security context, UE capability context and QoS context is transferred (or translated) within the network between source and target system.

7.
Similar handover procedure should apply for handovers of both real time and non-real time services; for interworking towards GERAN inter-RAT cell change order with NACC is supported. 
8.
Similar handover procedure should apply for both Inter RAT Handover and intra-LTE Handover with EPC node change.

9.
Network controlled mobility is supported even if no prior UE measurements have been performed on the target cell and/or frequency ("blind HO" or "blind NACC" is supported)."
2.4 
RRC_IDLE state mobility

A UE in RRC_IDLE performs cell reselections. The principles of this procedure are as follows:

-
The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process
-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells. Details of the cell reselection criteria are FFS;
-
Intra-Frequency reselection criteria is based on ranking of cells (similar to UTRAN R-criteria)

-
Inter-Frequency reselection criteria is FFS (Two alternatives have been discussed): 



-
R-criteria or 



-
priority based approach)
-
Cell reselection parametrisation can be speed dependent (working assumption is that speed detection similar to the UTRAN solution); a speed dependent scaling of Treselection (at least for intra-frequency) is supported.
-
Cell reselection parameters are applicable to all UEs in a cell, but it is possible to configure specific reselection parameters  per UE using dedicted RRC or NAS signalling.

Cell access restrictions apply as for UTRAN, which consist of access class (AC) barring and cell reservation (e.g. for cells “reserved for operator use”) applicable for mobiles in RRC_IDLE mode.

When performing cell reselection towards E-UTRAN while the UE is camped on another RAT, the principles of this procedure are as follows:

-
The UE measures attributes of the E-UTRA neighbouring cells (Status of measurement quantitites found in chapter 2.2.2.1)
-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells. Details of the cell reselection criteria are FFS. (Two alternatives have been discussed: 


- R-criteria or 


- priority based approach 
-
Cell reselection parameters are applicable to all UEs in a cell, but it is possible to configure specific reselection parameters per UE using dedicted RRC or NAS signalling.
3
Open Items

1. VCC
a. How VCC is supported has not been agreed yet (this highly depends on the discussion in SA2)
2. HANDOVER to E_UTRAN 
a. What parameters are needed in GERAN cells to enable HO? 
3. HANDOVER to GERAN 
a. What parameters are needed in E-UTRAN cells to enable HO? Similar to UTRAN-GERAN HO?
4. Cell reselection criteria towards GERAN
5. Cell reselection criteria towards E-UTRAN

6. Neighbour cell list contents
a. What GERAN cell parameters needed? Similar as in GERAN ncell lists in UTRAN?
7. How to prevent mobility to certain GERAN/E-UTRAN cells?
8. What kind of measurement gaps needed towards GERAN?

3.1
Items needing progress from RAN2 point of view

1. Can we utilize same principles in E-UTRAN as it has been used in UTRAN-GERAN IO?

a. Neighbour cell list contents for GERAN cells are same as in UTRAN

b. Handover parameters from E-UTRAN to GERAN using same parameters as in UTRAN-GERAN HO? 

2. Needed gap patterns in E-UTRAN for GERAN cells ( More RAN4 issue, but has some effects to RAN2 signaling of measurement gaps)
3. It is FFS if cell change order and/or handover is supported from UTRAN/GERAN to E-UTRAN. E.g. it may be that cell change order has good enough performance for GERAN->E-UTRAN mobility as Idle->Active transition in E-UTRAN is supposed happen in less than 100ms

4
Conclusion
In this contribution current status of RAN for GERAN/LTE interworking was provided.
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