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1 Introduction

At RAN2 #59 meeting the high-level principles and call flows for handover to CDMA2000 cells were agreed in TR 36.938. The active mode handover is based on transparent tunnelling of CDMA2000 signalling over E-UTRAN radio and S1 inter-face. In order to minimize the handover delay (and the risk of radio link failure) the solution makes it possible for the UE to pre-register to the HRPD access in advance of the handover. This contribution addresses detailed solution for controlling the pre-registration for active mobility.  

This contribution also addresses the support for pre-registration for idle mode mobility to HRPD.

2 Discussions on idle mode pre-registration

Idle mode mobility from LTE to HRPD, involves that the UE leaves LTE radio and perform a “dormant mode registration” in HRPD. In case the UE has been pre-registered to HRPD, the HRPD dormant registration will be much faster than in case no previous registration exists. Having a fast idle mode mobility procedure would decrease the outage time experienced during the access change, which would decrease the probability of packet losses occurring due to that the UE is moving between the accesses.

So from a performance point of view it could therefore be beneficial for the UE to perform pre-registration also when in LTE_IDLE or to keep an active pre-registration made in LTE_ACTIVE when returning to LTE_IDLE. Due to the characteristics of HRPD it is also assumed that there is no added benefit to perform explicit de-registration of UEs that have been registered and is returning to LTE_IDLE. 

Given the performance gains of idle mode pre-registration and the low extra complexity if active mode pre-registration is already support this it is proposed to adopt pre-registration also in idle mode. 

In case too frequent registration would be a problem for the HRPD access it could be beneficial to have a way to turn off LTE_IDLE mode pre-registrations, and only do pre-registrations in LTE_ACTIVE mode. Solutions for network controlled registration are proposed in section 3 and 4.

3 Solutions controlling idle mode pre-registration

In order to trigger pre-registration in LTE_IDLE it can either be considered to use dedicated NAS signalling to inform that the UE should perform pre-registration or it can be indicated  E-UTRAN system information broadcast if the UE should perform the pre-registration.

Using dedicated NAS signalling: 

This solution would be flexible in that it makes it possible to trigger the pre-registration on individual UE basis, it would however only be possible to trigger the pre-registration with granularity of tracking area.

The drawback with this solution is that it has impacts to the NAS protocols.

Using E-UTRAN system information broadcast:

This solution would be flexible in that it makes it possible to trigger the pre-registration in specific cells, it would however not be possible to trigger the pre-registration for specific UEs.

From a coding point of view it would be possible to indicate the need for pre-registration in the same “sub structure” as other CDMA2000 related information IEs on E-UTRAN system information broadcast channel.

Conclusion:

In order to avoid NAS impacts it is proposed to use E-UTRAN system information broadcast to provide information about the need for pre-registration to the UE in idle mode.

In order to perform the pre-registration from idle mode the UE first need to enter active mode in E-UTRAN. It is proposed to perform the transition using the normal NAS Service Request since it is deemed unnecessary to introduce a specific E-UTRAN / EPC procedure for the pre-registration. Upon completion of the pre-registration the UE can be released to idle mode pending implementation specific parameters in the eNB. It is not proposed that the UE performs the pre-registration over HRPD radio since it would introduce a unnecessary access change which could lead to packet losses if data arrives during the registration procedure.

4 Solutions controlling active mode pre-registration

On a high level, there are two different solutions for network controlled triggering of the pre-registration for UEs in LTE_ACTIVE that can be considered:

· Using dedicated RRC signalling 

· Use E-UTRAN system information broadcast 

Using dedicated RRC signalling:

This solution has high flexibility in that it can trigger the pre-registration on an individual UE level (potentially based on radio conditions etc.). 

Using E-UTRAN system information broadcast:

This solution would be slightly less flexible than the dedicated RRC based solution since it is not possible to trigger registration on individual UE basis. A drawback is that this solution requires that the UE reads the broadcast channel in active mode which could be undesirable.

Conclusion:

If it is determined that it is desirable to avoid that the UE need to read E-UTRAN broadcast channel in LTE_ACTIVE it is proposed to use dedicated RRC signalling to provide the information about the need for pre-registration to the UE in active mode.

5 Summary

Given that the solutions for supporting active and idle mode mobility towards HRPD access anyway requires impacts to the RRC signalling and the E-UTRAN broadcast channel it is proposed to add the request to perform the pre-registration in the following way:

· Information provided on the E-UTRAN system information broadcast channel indicates whether pre-registration for UEs in LTE_IDLE is allowed 

· If the indication is positive, the UE shall  perform pre-registration if the UE does not have a valid/current HRPD pre-registration; if the indication is negative, the UE shall not perform pre-registration.

· The information can be provided in conjunction with or by the presence of other CDMA2000 specific IEs (e.g. neighbouring cell information).

· When the UE performs the pre-registration, it first enters LTE_ACTIVE in E-UTRAN using the NAS Service Request procedure. Upon completion of the pre-registration the UE can be released to LTE_IDLE.

· information sent in dedicated RRC signalling (unless it is determined that the UE will read the E-UTRAN system information broadcast channel in LTE_ACTIVE) indicates whether pre-registration for UEs in LTE_ACTIVE is allowed .

· If the indication is positive, the UE shall  perform pre-registration if the UE does not have a valid/current HRPD pre-registration; if the indication is negative, the UE shall not perform pre-registration.

· The information can if possible be provided in conjunction with or by the presence of other CDMA2000 specific IEs (e.g. measurement configuration).

· Once the UE has performed the pre-registration it is up to the UE to maintain the HRPD context. This means that it is up to the UE to perform any needed periodic re-registrations, in case the UE is in an area where the active or idle pre-registration is allowed.

Given that the E-UTRAN has full control over when and where the UE should perform pre-registration, it is not required that E-UTRAN maintains any information about whether a specific UE is pre-registered or not. 

TEXT PROPOSAL TO TR 36.938 FIRST CHANGE

6.2.3
Pre-registration Procedure

Pre-registration lets UE pre-register to the target system in advance of a cell re-selection or handover. It reduces the time involved in the process of handover or cell re-selection. It also reduces the risk of the UE experiencing a radio link failure while waiting for the “handover command”. E-UTRAN network can instruct the UE whether the pre-registration is needed. This makes it possible to avoid pre-registration attempts in areas with no HRPD coverage or no support for HRPD pre-registration. The need for pre-registration is configured in the network in the following way:

· information provided on the E-UTRAN system information broadcast channel indicates whether  pre-registration for UEs in LTE_IDLE is allowed 

· If the indication is positive, the UE shall  perform pre-registration if the UE does not have a valid/current HRPD pre-registration; if the indication is negative, the UE shall not perform pre-registration.

· The information can be provided in conjunction with or by the presence of other CDMA2000 specific IEs (e.g. neighbouring cell information).

· When the UE performs the pre-registration, it first enters LTE_ACTIVE in E-UTRAN using the NAS Service Request procedure. Upon completion of the pre-registration the UE might be released to LTE_IDLE.

· information sent in dedicated RRC signalling (unless it is determined that the UE will read the E-UTRAN system information broadcast channel in LTE_ACTIVE) indicates whether pre-registration for UEs in LTE_ACTIVE is allowed.

· If the indication is positive, the UE shall  perform pre-registration if the UE does not have a valid/current HRPD pre-registration; if the indication is negative, the UE shall not perform pre-registration.

· The information can if possible be provided in conjunction with or by the presence of other CDMA2000 specific IEs (e.g. measurement configuration).

E-UTRAN does not need to know whether a specific UE is pre-registered or not.

The pre-condition of the pre-registration is that the UE is already attached to the serving network and the UE does not have a dormant session in the target network yet. The procedure should be transparent to the serving network. In the pre-registration to HRPD, messages shall be tunnelled inside RRC and S1-AP messages between the UE and MME and in some generic “transfer” messages between source MME and target RNC.

Figure 6.2.3.2-1 shows the procedure for pre-registration to HRPD. At the end of the pre-registration the UE has a valid context in the HRPD system. The UE is responsible for maintaining the HRPD context e.g. by performing periodic re-registrations if needed. Re-registrations are only allowed in areas where pre-registration is requested.
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Figure 6.2.3.2-1 Pre-registration to HRPD procedure

6.2.4
Mobility from E-UTRAN to HRPD

6.2.4.1
HRPD System Information Transmission in E-UTRAN

Editor’s note: to specify what kind of HRPD system information is needed and how it will be transmitted in E-UTRAN.

The following system information IEs shall be transmitted on E-UTRAN broadcast channel:

· HRPD pre-registration allowed

a. If the indication is positive, the UE in LTE_IDLE shall perform pre-registration if UE does not have a valid/current HRPD pre-registration; if the indication is negative, the UE in LTE_IDLE shall not perform pre-registration.

· HRPD Neighbor Bandclass

a. Identifies the frequency band in which the HRPD carriers can be found 

b. Multiple Bandclass IEs can be included

· HRPD Neighbor Frequency

a. Identifies the carrier frequency within an HRPD band 

b. Multiple carrier frequencies IEs can be included per band

· HRPD Neighbor PN Sequence Offset

a. Identifies the different HRPD “physical cell identities”

b. Multiple PN Sequence Offset IEs can be included per carrier

c. This parameter might not be needed in case all UEs supports dual mode receivers (parallel reception on both accesses)

· HRPD Pilot PN sequence offset index increment

a. This parameter might not be needed in case all UEs supports dual mode receivers (parallel reception on both accesses)

· HRPD Timing Reference

a. This parameter might not be needed in case all UEs supports dual mode receivers (parallel reception on both accesses)

· Number of HRPD Neighbor Bandclass

· Number of HRPD Neighbor Frequency

· Number of HRPD Neighbor PN Sequence Offset

· HRPD Start Measuring E-UTRAN Signal Quality Threshold

· HRPD Start Measuring E-UTRAN Rx Power Strength Threshold

In addition, parameters similar to those used in the intra-3GPP inter-RAT idle mode mobility can also be sent on the E-UTRAN  broadcast channel.

TEXT PROPOSAL TO TR 36.938 SECOND CHANGE

D.4 Pre-registration
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