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1. Introduction

UE-controlled cell reselection algorithms in the UMTS system currently operate independently of any subscriber-specific or service considerations. All UEs are handled in the same way. 

In the case that any service or subscriber differentiation is required, e.g. for traffic steering between GERAN and UTRAN, this is typically performed once the UE has entered the CELL_DCH RRC state in which the network controls mobility. 

In the case of mixed GERAN-UTRAN networks, this has resulted in the following typical implementations:

· User are typically camped upon the UTRAN networks in order to provide fast access to the faster UTRAN data services

· If it necessary to steer traffic to an alternative network, this is done during or soon after the call set-up using network controlled handover/cell change order functions 

· When the service flow ends and the user is returned to a state utilizing UE-controlled cell reselection, the UTRAN network will be reselected. Depending upon the implementation of recent change requests,  and the use of DTM, location updates may need to be performed, leading to paging outage. 

· Load sharing is done for voice. Data traffic is kept on UTRAN   

The implementation described above works sufficiently well for the UTRAN-GERAN case when the steered traffic is voice, as the user is unlikely to notice which networks is serving him. Data services will typically be handled on the 3G networks, because of the sizeable performance differential between UMTS/HSxPA and GPRS.
2. Requirement in 3GPP 25.913 

One very likely deployment scenario for E-UTRAN is as a capacity overlay to the existing UTRAN network. In this scenario load sharing of data traffic between UTRAN and E-UTRAN networks will be an important function. 

Many UMTS networks have been deployed in support of high speed data services, unlike GERAN which was typically deployed for voice services. It is therefore important that UTRAN remains utilised by data services as the LTE handset penetration rises. Furthermore, the performance differential between E-UTRAN and UTRAN will be smaller than between GERAN and UTRAN. For these reasons an efficient low latency means of doing PS data load sharing is required between E–UTRAN and UTRAN.   

When steering data services it is no longer considered adequate to rely upon network-controlled active state mobility mechanisms, since this will add network switching delay and signalling overhead when the user wants to send data, enters the active state and is ordered to a different RAT. 

The LTE requirements document 3GP 25.913 already contain the following text:

10.3 Support of load sharing and policy management across different Radio Access Technologies

The E-UTRAN shall provide mechanisms to support load sharing and policy management between E-UTRA and other RATs (GERAN, UTRA). To minimize latency when data needs to be transferred, reselection mechanisms to direct UEs towards appropriate RATs when the UEs are in a dormant state, as well as the active state, should be considered. Support for end to end QoS during inter RAT handover should be considered

The above text was intended to ensure that LTE does not inherit the same restrictions as UTRAN and that UE-controlled reselection algorithms can be managed by the network so that the network can move specific users from E–UTRAN to UTRAN or any other RAT without requiring the network to take full mobility control for UEs outside of the active state.

Note that the text from 25.913 was written when it was widely assumed that the “dormant state” is similar to CELL_PCH of UTRAN (see figure 6.1 in 25.913), where cell reselection based mobility is applied.  

3.  Possible Implementation

This section describes one possible implementation meeting the requirements, assuming E-UTRAN reuses existing (UTRAN) reselection algorithms.

In UTRAN, the Qoffsets,n parameter is used to bias reselection between a given pair of cells, as described in 3GPP TS 25.304. This parameter is broadcast within SIB 3 and 4 messages.

In order for the network to do UE-specific RAT selection, it is proposed that an additive UE-specific inter-RAT offset parameter is introduced that may be provided to the UE using dedicated RRC signalling. This offset value would then be added by the UE to the broadcast Qoffsets,n values for all or specific cell relations. The Inter-RAT offset would apply for the duration of a timer to all or specific inter-RAT relationships and would also be applied while the UE is camped on the other RAT in order that ping-pong is avoided between the different RATs. 

Also for the intra-LTE case a similar mechanism could be applied for the intra-LTE inter-frequency case by reusing this concept. This is seen as being beneficial for example for national roaming / network sharing scenarios.
4.  Text Proposal for 25.813

It is proposed to capture the following text in TR 25.813:

9.1
Intra E-UTRAN

9.1.1
Variable bandwidth scenarios

The Figure below shows a number of scenarios for adjacent cells with different transmission bandwidths and UEs with different receiver bandwidths. Measurements, reselection and handover need to be considered for these different scenarios.
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Figure 9.1.1: Variable bandwidth scenarios

1)
A cell transmits one set of common channel information. This information must be contained in a bandwidth equal than or less than the UE minimum bandwidth capability (assumed to be 10MHz). This ensures all UEs in RRC_IDLE are capable of receiving the common channels irrespective of UE capability. The need to replicate some control information is FFS.

2)
The term handover is used for the procedure that changes the serving cell of a UE in RRC_CONNECTED. A frequency reconfiguration within the same serving cell is not a handover. A frequency reconfiguration is used to move the UE reception bandwidth within the cell transmission bandwidth.

3)
Neighbour cell lists on which the network requests the UEs to perform measurements for handover and cell reselection do not classify cells as intra-frequency or inter-frequency (i.e. there are no intra-frequency cells and inter-frequency cells)

4)
A non gap assisted measurement (for handover) is a measurement on a cell from the neighbour list that does not require transmission/reception gaps to allow the measurement to be performed.

5)
A gap assisted measurement (for handover) is a measurement on a cell from the neighbour list that does require transmission/reception gaps to allow the measurement to be performed.

6)
Whether a measurement (for handover) is non gap assisted or gap assisted depends on the UE's capability and current operating frequency. The UE determines whether a particular cell measurement needs to be performed in a transmission/reception gap and the scheduler needs to know whether gaps are needed. The exact scenarios that require gaps assisted measurements are FFS.

9.1.2
Cell selection

9.1.3 
Cell reselection
9.1.3.1
Intra-RAT inter-frequency Load Sharing using Cell Reselection

When steering data services it is not considered adequate to only rely upon network-controlled RRC_CONNECTED state mobility mechanisms, since this will add network switching delay and signalling overhead when the user wants to send data, enters the active state and is ordered to a different E-UTRAN frequency. Support for network management of UE-controlled cell reselection algorithms in RRC_IDLE is required so that the network can move specific users between E–UTRAN carriers before active data transfer. This would allow UE specific mobility between E-UTRAN frequencies without requiring the network to push those UEs into RRC_CONNECTED state to trigger an individual change of intra E-UTRAN frequency. Support of this selective influence of cell reselection algorithms is seen as most advantageous for example in national roaming or network sharing scenarios.

Based on the assumption that E-UTRAN mainly reuses existing reselection algorithms as UTRAN, where the Qoffsets,n parameter, broadcast within SIB 3 and 4 messages, is used to bias reselection between a given pair of cells, it is proposed that an additive UE-specific E-UTRAN inter-frequency offset parameter is introduced. This individual offset may be provided to the UE using dedicated RRC signalling. This offset value would then be added by the UE to the broadcast Qoffsets,n values for specific cell relations. The E-UTRAN inter-frequency offset would apply for the duration of a timer, which could also be signalled by the network to either all or specifically defined E-UTRAN inter-frequency relationships. It would also be applied while the UE is camped on the other E-UTRAN frequency in order that ping-pong is avoided between E-UTRAN frequencies. Alternatively the offset shall be used by the UE in the target E-UTRAN frequency until a new value is received.

9.1.4
Paging

Note:
From R2-051759: Several proposals 1) paging channel; 2) DRX on shared channel instead of paging channel. URA concept retained. Common with UTRA or specific to E-UTRA always? No need for NAS paging if some NAS/AS functionality merge (PMM with RRC) take place (e.g. if Idle mode is removed).

9.1.5
Handover

Note:
From R2-051759: should depend on the RRC state and can be of intra-frequency or inter-frequency. Network controlled proposed to be primary method, and UE controlled only for RL failure case. UE controlled (like cell re-selection) for active state also proposed to be studied.

9.1.6
Measurements

Measurements to be performed by a UE for intra/inter-frequency mobility can be controlled by E-UTRAN, using broadcast or dedicated control. In RRC_IDLE state, a UE shall follow the measurement parameters defined for cell reselection specified by the E-UTRAN broadcast (as in UTRAN SIB). The use of dedicated measurement control in cell reselection is FFS. In RRC_CONNECTED state, a UE shall follow the measurement parameters specified by RRC or MAC commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).

Usage of dedicated control for RRC_IDLE state is FFS.

9.1.6.1
Intra-frequency

In a system with frequency reuse = 1, intra-frequency handovers are the most important and common handovers. Good intra-frequency measurements are needed in order to ensure good mobility support and easy network deployment. Search of intra-frequency neighbour cells from the neighbour list, and measurements of the relevant quantities for identified cells is needed.
NOTE:
To avoid UE activity outside the DRX/DTX cycle, the reporting criteria for intra frequency measurements should match the used DRX/DTX cycle.

9.1.6.2
Inter-frequency

Regarding inter-frequency handovers, UE performs neighbour cell measurements during DL/UL idle periods that are provided by DRX/DTX or packet scheduling, if necessary.
NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

9.1.7
Network aspects

When the eNB changes at handover, pending downlink RLC SDUs or PDUs (TBD) may be retransmitted in the target eNB. In the uplink, if in-order delivery of RLC SDUs is required at the decompressor in PDCP, either:

-
The PDCP sublayer includes a reordering buffer of RLC SDUs before security/decompressor; or

-
The uplink RLC SDUs or PDUs which were not delivered to PDCP have to be provided to the target eNB for re-ordering.

9.2
Inter RAT

Note:
From R2-051759: simultaneous operation in two RATs should not be considered because of RF issues.

9.2.1 
Cell reselection
9.2.1.1
Inter-RAT Load Sharing using Cell Reselection 

When steering data services it is not considered adequate to only rely upon network-controlled RRC_CONNECTED state mobility mechanisms, since this will add network switching delay and signalling overhead when the user wants to send data, enters the active state and is ordered to a different RAT. Support for network management of UE-controlled cell reselection algorithms in RRC_IDLE is required so that the network can move specific users between RATs before active data transfer. This would allow UE individual mobility between RATs without requiring the network to push those UEs into RRC_CONNECTED state to trigger an individual change of RAT. Support of this selective influence of cell reselection algorithms is seen as most advantageous for example in national roaming or network sharing scenarios.

Based on the assumption that E-UTRAN mainly reuses existing reselection algorithms as UTRAN, where the Qoffsets,n parameter, broadcast within SIB 3 and 4 messages, is used to bias reselection between a given pair of cells, it is proposed that an additive UE-specific E-UTRAN RAT offset parameter is introduced. This individual offset may be provided to the UE using dedicated RRC signalling. This offset value would then be added by the UE to the broadcast Qoffsets,n values for specific cell relations. The E-UTRAN RAT offset would apply for the duration of a timer, which could also be signalled by the network, to either all or specifically defined E-UTRAN inter-RAT relationships. It would also be applied while the UE is camped on the other RAT in order that ping-pong is avoided between RATs. Alternatively the offset shall be used by the UE in the target RAT until a new value is received.

9.2.2
Handover

9.2.3
Measurements

9.2.3.1
Inter-RAT handovers from E-UTRAN

Measurements to be performed by a UE for inter-RAT mobility can be controlled by E-UTRAN, using broadcast or dedicated control. In RRC_CONNECTED state, a UE shall follow the measurement parameters specified by RRC or MAC commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).

UE performs inter-RAT neighbour cell measurements during DL/UL idle periods that are provided by the network through suitable DRX/DTX period or packet scheduling if necessary.

NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

9.2.3.2
Inter-RAT Handovers to E-UTRAN

From UTRAN, UE performs E-UTRAN measurements by using idle periods created by compressed mode (CELL_DCH), FACH measurement occasions (CELL_FACH - FFS), or DRX (other states).
From GERAN, E-UTRAN measurements are performed in the same way as WCDMA measurements for handover to UTRAN: E-UTRAN measurements are performed in GSM idle frames in a time multiplexed manner. However, it should be discussed 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.

Design constraints of 3GPP inter-RAT measurements should be considered when L1 details of E-UTRAN concept are defined.

9.2.3.3
Inter-RAT cell reselection from E-UTRAN

In RRC_IDLE state, a UE shall follow the measurement parameters specified by the E-UTRAN broadcast (as in UTRAN SIB). The use of dedicated measurement control is FFS.
9.2.3.4
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. Moreover, some UEs may support the full E-UTRA spectrum bandwidth of 20 MHz, whereas some UEs may support only a part of 20 MHz. 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 to be measured by UE;

-
The number of measurement criteria (event and periodic reporting criteria) should be limited (as in TS 25.133 section 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 measurement reports from UE) is FFS.

9.2.4
Network Aspects
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