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1 Introduction
In RAN2#57, an agreement was made to allow direct downlink data transmission in CELL_PCH and URA_PCH, i.e. without cell update/cell update confirm, but the state of the UE consecutively to the transmission was left FFS.

However, in order to handle certain traffic situations with periodic but infrequent traffic (e.g. presence, VPN), there is a  need for an efficient scheme to transit between DRX and non-DRX state.
In this contribution, we discuss further the proposals in [1] and provide further assumptions on the transitions between CELL_FACH and CELL_PCH/URA_PCH.

2 Discussion

2.1 Rel-7 UE states
According to our understanding, the properties of Rel-7 UE states can be characterised as follow:
	
	CELL_DCH
	CELL_FACH
	CELL_PCH
	URA_PCH

	Transport channels
	E-DCH

HS-DSCH
	RACH

HS-DSCH
	UE H-RNTI 

RACH

HS-DSCH
	UE H-RNTI 

RACH

HS-DSCH

	
	
	
	PCCH H-RNTI
No UL

HS-DSDH
	PCCH H-RNTI
No UL

HS-DSDH

	Logical channels
	DTCH/DCCH
	DTCH/DTCH
	UE H-RNTI

DTCH/DCCH
	UE H-RNTI

DTCH/DCCH

	
	
	
	PCCH H-RNTI

PCCH
	PCCH H-RNTI

PCCH

	Power saving
	up to 320ms DRX and UL

no DRX when:

- UL data

- periodic
	None
	up to 640ms DRX
	up to 640ms DRX

	Mobility
	Measurement reports as configured by NW (intra or inter-frequency, inter-RAT)
	Cell reselection with good performance
	Cell reselection with limited performance
	Cell reselection with limited performance


According existing principles, apart from transition to CELL_FACH for uplink data transmission, state switching occurs by RRC signalling. 
2.2 Inactivity based transition from CELL_FACH to CELL_PCH

If enhanced CELL_FACH is used for small traffic, e.g. web browsing, transmission is needed in a sporadic manner, and inactivity time for reading of web page is normally several seconds. In order to save battery, a simple UTRAN behaviour is to send the UE to CELL_PCH after some data inactivity.

It was proposed in [1] to signal an inactivity timer which would trigger the transition of the UE from CELL_FACH into CELL_PCH, with a pre-defined DRX cycle. We would like to illustrate how this proposal could work.
In enhanced CELL_FACH, transmissions are scheduled asynchronously by the Node-B, and several transmissions occur for every MAC PDU. As a consequence, the node B is not aware which transmission is received by the UE, if there are N transmissions, the UE may have finished receiving a MAC PDU at any of the transmissions. 

Assuming 3 transmissions in 10ms TTIs separated by 20ms intervals, there is an uncertainty of 70ms starting from first transmission.
Also, between RNC and Node-B, the Iub delay is not precisely known, and the time when the first transmission is scheduled is also not known at the RNC. However, an RNC implementation can make reasonable guesses on maximum Iub and maximum scheduling delay, e.g. assume a delay of first transmission between 0 and 50ms.

By adding the two uncertainties, the RNC can assume that any data sent to the Node-B is received by the UE within 120ms after submission on Iub.
In figure 1, we illustrate the transmission of 2 RLC PDUs, three RLC PDUs which are submitted by RNC to Node-B. 
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Figure 1: Inactivity-based CELL_FACH to CELL_PCH transition
As illustrated in figure 1, during a limited time interval, the state of the UE cannot be known from the UTRAN. However, as in this interval, it is expected that there is no need to contact the UE, the UTRAN can simply wait until the UE is for sure in CELL_PCH state, and wait until the next paging occasion to transmit any further data to the UE.
Therefore, at configuration of UE into CELL_FACH, it is possible to provide inactivity timer and pre-configured DRX cycle, in order to avoid a reconfiguration message and uplink acknowledge to move the UE to CELL_PCH state. 

Proposal 1: we propose to adopt inactivity-based transition to CELL_PCH from CELL_FACH with pre-configuration of CELL_PCH parameters when UE is entering CELL_FACH.
2.3 Data transmission for UE in CELL_PCH

In Rel-6, UE moves to CELL_FACH as soon as there are uplink data to transmit. While with enhanced CELL_FACH, there is the possibility for the UE to transmit uplink data without the cell update procedure, it was not proposed to allow uplink data transmission while keeping the UE in CELL_PCH. In general, allowing uplink data transmission while staying in a state with limited cell reselection performance might be relatively inefficient, and we don’t see any use case for a state where the UE is allowed to constantly send but not the network.

Proposal 2: we propose that, like for cell update in Rel-6, upon uplink data transmission, the UE moves in CELL_FACH state.

2.4 Data reception in CELL_PCH
Currently, the UE state after data reception in CELL_PCH is FFS. We see the following options:

a. upon reception of downlink data, UE moves to CELL_FACH

b. upon reception of downlink data, UE stay in CELL_PCH

Option a. would be simple, provided the Node-B makes enough repetitions, the UE is moved to continuous reception. If proposal 1 is adopted,  inactivity-based transition to CELL_PCH can be performed without any signalling. By setting an appropriate timer value for this transition and turning the UE to CELL_FACH automatically when data are received in CELL_PCH, the network would have an efficient solution for low data traffic applications.

Option b. would require that the UE remains in continuous reception for a pre-defined time interval, so that the network has enough time to transmit at least one IP packet to the UE, and then the UE returns to DRX. In this option, if the RNC has more data for the UE in CELL_PCH state, it can simply send a reconfiguration message. Option b. is possibly more optimised for isolated packets, such as presence or VPN. However, is the case of such traffic, as the application layer would probably send a response, the UE is likely to move to CELL_FACH again, so that there is no gain compared with option a.
Proposal 3: upon reception of downlink data, UE moves to CELL_FACH

2.5 Enhancement to CELL_PCH
When UE switches from enhanced CELL_FACH to CELL_PCH after inactivity (with or without the mechanism in proposal 1), it switches from no DRX to DRX state. If UTRAN wishes to keep UE connected a long time, DRX cycle should be long (e.g. 1s). However, if  user takes more time to read a web page than expected, it may always make new request after transition to CELL_PCH has occurred, so if long DRX cycle is used, the service will suffer significant delay, so it would be necessary to change the DRX cycle, which normally requires paging and signalling exchange, though there are not data to transmit.

We propose to signal 2 DRX cycles (or more, but we think 2 is enough), and the number of short cycles after which the UE will move to the long cycle. For simplicity, the long cycle occasions should be a subset of the short cycle occasions, which is easily achieved with no change in signalling since the possible cycle lengths are powers of 2.

Proposal 4: The (pre-) configuration of CELL_PCH state can include an initial short DRX cycle, a long DRX period , and a number of DRX cycles after which the UE adopts the long DRX period (i.e. only one out of 2^x initial paging occasions are monitored by the UE).
During the short DRX cycle, it is expected to keep good reaction time, i.e. good cell reselection performance is necessary so as to ensure UE can immediately send data in response to a downlink packet, e.g. when applications respond to a polling packet. 

When the long DRX cycle is entered, power saving is the most critical issue, and cell selection requirements should rather be relaxed.

Therefore, the network should have the possibility to associate intra- or inter-frequency measurements specific to a given DRX cycle.

Proposal 5: Each pre-configured DRX cycle can be associated with specific intra and/or inter-frequency measurements.

3 Conclusion

In this contribution, we look at remaining FFS items about state transitions for the enhanced CELL_FACH and CELL_PCH.
We propose a scheme based on the following constraints:

· simple UE procedures

· long stay in states with HSDPA

· efficiency for web browsing and for low but recurrent traffic (e.g. presence, VPN polling)
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