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1. Introduction

In LTE, only two RRC states are defined as RRC_IDLE and RRC_CONNECTED. In addition, RRC_CONNECTED has two modes. One is active mode and the other is dormant mode. It is also agreed that dormant mode is used to reduce UE battery power consumption and to save unnecessary radio resource. However, it’s not so clear how dormant mode is used. This document discusses issue of dormant mode from the view point of general usage and mobility.
2. Discussion
2.1.  Usage of dormant mode
Although dormant mode is used in RRC_CONNECTED for battery power consumption, actual usage of dormant mode is not clearly agreed.

In UMTS, range of DRX interval in RRC_CONNECTED includes range of DRX interval in RRC_IDLE. In LTE, to use long DRX interval is expected for similar battery saving gain in dormant mode compared with LTE_IDLE (e.g. RRC_IDLE). However, there is one big difference from UMTS. That is, RAN2 agreed the assumption of the mobility procedure in LTE dormant mode is NW based. If we allow so long interval for dormant mode, dormant mode UE would leave serving cell area during DRX interval. Therefore, to discuss actual range of DRX interval for dormant mode (i.e. shorter maximum value of DRX interval than the case of RRC_IDLE) or to discuss different mobility procedure for dormant mode UE (i.e. UE based mobility procedure) would be necessary.
Usage issue1:  Should same DRX interval value be used between RRC_IDLE and RRC_CONNECTED(dormant)?
The length of C-RNTI was agreed as 16bit as working assumption and is unique within the cell. This means 65536 (=216) UEs can be supported in RRC_CONNECTED including dormant mode in each cell. However, to handle such large number by only NW based mobility would be very difficult from network complexity perspective. In addition, the load of signalling at the air would not be negligible. In order to design mobility procedure in dormant, actual number of supported dormant UE should be discussed.
Usage issue2:  How many UEs are supported in dormant UE?
2.2.  Mobility procedure of dormant mode
NW based mobility procedure for dormant UE can be illustrated in Figure 1. Three steps would be required for this behaviour, such as 1) Measurement, 2) Measurement report transmission and 3) Handover command transmission. We discuss these three steps further below. Please note that we assume scenario which uses relatively long DRX/DTX interval (e.g. long sleep period in Figure 1).
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Figure 1: Mobility procedure during dormant mode
2.2.1.  Measurement behaviour
Measurement interval, measurement object and measurement reporting criteria are three areas of the discussion.
Measurement interval
If measurement interval of dormant mode is same as that of active mode, UE battery consumption would be increased. If the result of "Usage issue1" is to allow long DRX interval, we should discuss measurement interval is changed based on DRX interval. 
Mobility issue1:  If long DRX interval value is allowed for dormant mode UE, should measurement interval be changed?
Measurement object 
In UMTS cell reselection, radio condition of serving cell is used for the criteria whether to have the measurement for neighbour cells. This principle would be valid for dormant UE to save battery power consumption. Therefore it should be discussed whether same principle is applied for dormant UE in LTE.
Mobility issue2:  Does dormant UE use serving cell’s radio condition as a criterion for the measurement?
Measurement reporting criteria
Measurement reporting criteria like event1a, 1b and 1c would also be required for RRM purpose similar to UMTS in RRC_CONNECTED. On the other hand, measurement reporting criteria should be minimized for dormant UE in order to reduce the load of the signalling. Although event occasion like event1a, 1b and 1c could be reduced for dormant UE by introducing long measurement interval and using serving cell’s radio condition as criterion for the measurement as discussed above, event1a, 1b and 1c will still occur in some scenario. These measurement reports are not necessary to be transmitted to eNB. Only event1d is required to be reported. Therefore, it should be discussed whether dormant UE needs to support same measurement reporting criteria with active mode.
Mobility issue3:  Does dormant UE use same measurement reporting criteria with active mode?
2.2.2.  Measurement Report transmission
Transmission method of measurement report
When the event is triggered, there are two following possible approaches to transmit Measurement Report:
A) UE waits for next active period after the event is triggered
B) UE sends Measurement Report as soon as the event is triggered
Because Measurement Report could be transmitted as soon as possible, B) would be better choice.
Mobility issue4:  Can Measurement Report be transmitted without waiting next active period?
The load of measurement report 
If result of "Usage issue2" allows that many UEs are maintained in dormant mode, many UEs would send Measurement Report. Then, the load of Measurement Report would not be negligible for proper system operation. Although the load could be reduced by specific measurement requirement discussed in section 2.2.1, to have discussion on the feasibility would be necessary.
Mobility issue5:  If many UEs are allowed in dormant mode, is the load of Measurement Report feasible to support dormant UEs?
2.2.3.  Handover Command transmission
After Measurement Report reception, serving eNB starts handover preparation, and sends Handover Command message to UE. However, if UE remains in dormant mode, eNB needs to wait for active period for message transmission. This leads additional delay for handover. From following reasons, some period is required to change from dormant mode to active mode for UE.
· Explicit signalling is required to synchronize DRX interval between UE and eNB
· DRX interval can be decided only by eNB to have consistency with discussion of gap allocation for measurement. 
The timing of Handover Command transmission is an important topic to support NW based mobility. UE activity handling for Handover Command reception should be discussed.
Mobility issue6:  How should UE handle UE activity for Handover Command reception?
3. Conclusion

In this contribution, we discussed usage of dormant mode and mobility procedure for dormant mode UE. We believe that RAN2 needs to define usage of dormant mode firstly. Especially, as discussed in section2.1, following two issues should be clarified.
· Usage issue1: Should same DRX interval value be used between RRC_IDLE and RRC_CONNECTED(dormant)? 
· Usage issue2: How many UEs are supported as dormant UE?
We also propose that following topic which related with Mobility procedure also should be discussed and clarified based on decision of "Usage issue1" and "Usage issue2".
· Mobility issue1:  If long DRX interval value is allowed for dormant mode UE, should measurement interval be 
                            changed?

· Mobility issue2:  Does dormant UE use serving cell’s radio condition as a criterion for the measurement?

· Mobility issue3:  Does dormant UE use same measurement reporting criteria with active mode?

· Mobility issue4:  Can Measurement Report be transmitted without waiting for next active period?

· Mobility issue5:  If many UEs are allowed in dormant mode, is load of Measurement Report feasible to support
                            dormant UEs?

· Mobility issue6:  How should UE handle UE activity for Handover Command reception?
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