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1 Introduction
This document discusses RRC connection control for inactive but connected UEs, i.e. how UTRAN handles UE with an always-on PS connection e.g. for PS background service or SIP signalling, but data transmissions is not continuous and not predictable.

This document is a revision of [1] which was initially discussed at RAN2#54 in the scope of delay optimisation WI, but it was decided to handle the proposed optimisations as a generic improvement for Rel-7.

In [1], we were proposing:

· pre-configured DRX cycle change in CELL_PCH and URA_PCH after a certain UE inactivity
· pre-configured UE measurements in CELL_PCH and URA_PCH

In this document, we take into the use of Rel-7 DTX/DRX in CELL_DCH FDD – when no DCH TrCH is configured – that makes it possible to stay in CELL_DCH while the UE is not transmitting in UL or DL and have similar battery consumption like CELL_PCH UEs.
We discuss whether there are some reasons to move inactive but connected UEs into CELL_FACH, CELL_PCH or URA_PCH, and indicate possible optimisations.

2 Discussion

In Rel-6, the main issue with RRC connected UEs was that battery consumption in CELL_DCH state was almost the same whether the UE was actively transmitting data or not, and that the only available possibility was to dynamically move inactive UEs to another RRC state, but RRC states and state transition as defined since Rel-99 are not adapted to such usage:

· only CELL_FACH state can maintain equal setup time and cell reselection/measurement performance, but battery consumption is still high, i.e. there is no DRX
· UEs in CELL_PCH/URA_PCH can be configured with DRX, but may not have accurate interfrequency measurements, hence increasing delay in order to go back to the appropriate frequency layer in CELL_DCH (the one that supports HSDPA and FDD Enhanced Uplink)

· moving between CELL_FACH and CELL_PCH or URA_PCH requires RRC signalling, over RACH/FACH TrCH, so it costs significant radio resources and is rather inefficient, and it would need to be done very dynamically by looking at U-plane data, hence a lot of RNC processing.

· changing DRX cycle in CELL_PCH or URA_PCH requires RRC signalling, over RACH/FACH TrCH so it costs significant radio resources and is rather inefficient, and it would need to be done repeatedly as time is passing and UEs stay inactive

As it is now being finalised in the scope of the CPC WI for Rel-7, the UE can autonomously switch between two DTX/DRX cycles while inactive in CELL_DCH, and the long DTX/DRX cycle (“DTX_cycle_2”) may be up to 320ms, so there is little use to switch to CELL_PCH with a paging cycle below 640ms.
However, we note that there are some restrictions:
· DTX/DRX in CELL_DCH Rel-7 can only be employed when no DCH is configured, so if for some reason a DCH is needed e.g. for static UEs at cell edge so as to use downlink macro diversity, UE must switch to no DTX/DRX

· UTRAN needs to handover moving UEs that are kept in CELL_DCH but are not actually transmitting data
3 Proposal

For the case of moving UEs, we propose to consider enhancing URA_PCH state in Rel-7 with:

· multiple DRX cycles, with switching after transmission inactivity

· UE measurements, either intra or interfrequency or both, that UE reports at CELL UPDATE REQUEST

Thus, the UTRAN may send inactive moving UEs to URA_PCH in order to avoid unnecessary handover procedures.

For the case of non-moving UEs that can not use DTX/DRX in CELL_DCH in Rel-7, we propose to enhance CELL_PCH state in Rel-7 in the same way:

· multiple DRX cycles, with switching after transmission inactivity

· UE measurements, either intra or interfrequency or both, that UE reports at CELL UPDATE REQUEST

Thus, the UTRAN may send these UEs

4 Conclusion

While it is possible to keep in CELL_DCH inactive UEs configured with DTX/DRX in Rel-7, in certain situations, it will be necessary to not used DTX/DRX (e.g. cell edge case) or UTRAN will handover UEs that in fact require no transmission.
We propose

· a way to enhance URA_PCH state in Rel-7, so that moving UEs can be sent to URA_PCH when they are not actively transmitting data, but still keep a good reaction time to come back to CELL_DCH on the proper cell

· a way to enhance CELL_PCH state in Rel-7, so that UEs that have a DPCH configured to CELL_PCH can be sent to CELL_PCH when they are not actively transmitting data, but still keep a good reaction time to come back to CELL_DCH on the proper cell.

If either or both proposals are agreeable to RAN2, we will draft a CR to the relevant specifications (25.331 and 25.304)
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