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1
Introduction

Current working assumption is that power saving possibilities in LTE_ACTIVE and LTE_IDLE shall be similar as agreed in SA2, RAN3 RAN2 joint meeting. It is as well mentioned in [25.813] and [25.913] that UE power saving possibilities shall be taken into account through enabling of the usage of DRX and DTX in LTE_ACTIVE.This paper addresses the issue of the uplink synchronisation requirements together with UE power savings possibilities in LTE_ACTIVE mode.
2
Uplink synchronisation in general
The currently agreed LTE state model includes three states:

· LTE_DETACHED
· LTE_IDLE

· LTE_ACTIVE

The focus of this paper is on the LTE_ACTIVE (RRC_CONNECTED) state and the need for maintaining the UE uplink synchronisation at all times while in this state.
Keeping uplink synchronisation up to date at all times in LTE_ACTIVE requires constant and regular transmissions between UE and network, even if the UE has not other data to transmit or receive (e.g. user data, CQI reports…)
This kind of “empty” traffic would have a negative impact on the UE power consumption in LTE_ACTIVE state compared to the situation where such a traffic is not needed i.e. compared to the case where uplink synchronisation is not maintained. Besides the increased UE power consumption there is also an increase in resource reservations needed for the procedure leading to a waste in air interface resources in both directions. 
Although not requiring the uplink synchronisation to be maintained at all times in LTE_ACTIVE would solve the two issues mentioned above, it could also lead to an increase in uplink connection establishment when resuming transmission. Reason being that UE would need to use non-synchronised RACH procedure for accessing the network. As alternative to non-synchronised RACH procedure, the network could in situations where uplink traffic is established based on downlink data transmission, allocate a dedicated UL-SCH resource for the purpose of uplink access burst sending. This could reduce the load on the non-synchronised RACH channel and limit the increase in the uplink connection establishment.
3
Uplink synchronisation from service perspective
Looking at different use cases and services helps in arguing why it is not seen necessary to require the network to maintaining uplink synchronisation for the UE at all times while UE is in LTE_ACTIVE. In the next two sections two classic examples are used to argue the view – the case of VoIP and the case of web-browsing.
3.1
VoIP
As VoIP might be seen as one of the important use cases of E-UTRAN it is worth analysing this case in connection with the uplink synchronisation discussion.
VoIP can somehow be regarded as a fairly simple case of packet transmission as it is expected that there will be a regular flow of data in both uplink and downlink at regular intervals. It could therefore be seen as beneficial for the network to assign a DRX period of the UE that matches the packet transmission interval. As the interval between uplink and downlink transmission will be rather short (in the area of approximately 20-60ms depending on radio bearer configurations) it foreseen that uplink synchronisation will be easy to maintain in this situation.

The intervals between uplink transmissions, which can be used by network for estimating the validity of the currently used uplink synchronisation, are short. Combined with the regular downlink transmission, which can be used by network for signalling a possible update to the used synchronisation value, VoIP is seen as an obvious case for maintaining the UE uplink synchronisation during the connection. This can be seen illustrated in Figure 1 where the interval between uplink/downlink data transmission (blue) is 40ms.
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Figure 1 Illustration of possible VoIP scenario where UE is assigned
uplink/downlink resources regularly every 40 ms

3.2
WEB-browsing
Web-browsing is used as second use case. In general one can view this use case as the more traditional data transmission which more resembles bursty data traffic than it resembles the constant and regular data flow presented e.g. by VoIP.

Assuming that the traffic is based on some interactive user browsing (e.g. search for information, reading emails etc.) the data flow in both uplink and downlink will neither be constant nor regular. Instead it will be a rather in-frequent and burst-like type of transmission. In this situation it may be sufficient for the network to be able to reach the UE less often than in the VoIP case leading to assignment of a longer DRX cycle for the UE. For data transmission purposes a resource assignment interval possibility of e.g. 1second i.e. leading to a DRX interval of 1 second, might be enough.
For bursty data transmissions it cannot be expected that there will be uplink and/or downlink data to be transmitted at regular intervals. This again means that UE will not need any resource assignments on regular basis for data transmission purposes. This is illustrated in Figure 2. From Figure 2 it is illustrated that the UE does not necessarily receive resources for data transmission at every possible occasion (no data to transmit), while at other occasions it may receive large amount of resource assignments (large amount of data). As it cannot be expected that the uplink synchronisation in all situations will be valid for long periods e.g. for period of seconds, this means that the network may choose either of two solutions:

· Assign uplink and downlink resources for the purpose of keeping uplink synchronisation in UE valid.

· Allow the UE to loose uplink synchronisation.

Assigning resources for the purpose of maintaining the uplink synchronisation does not seem efficient both from UE power consumption point of view and from air interface resources point of view.
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Figure 2 Illustration of possible bursty data transmission. 
Possible resource allocation intervals are longer (here 1s) 
and may include resource assignments to the Ue
Allowing the UE to loose the uplink synchronisation allows for more efficient power saving possibilities on UE side. The cost to pay for this will be a delay in connection setup time. As the situations in which the UE would be loosing uplink synchronisation can be expected to be situations in which the data traffic is sporadic, and therefore applying long DRX intervals, an additional delay in case of uplink access should be regarded as acceptable.

4
Conclusions

Allowing the loss of uplink synchronisation in LTE_ACTIVE state saves both the UE battery life and the cell resources but at the cost of a possible increase in the time it takes to resume uplink transmission once the timing advance has expired. Allowing the loss of uplink synchronisation in LTE_ACTIVE state would be of benefit to bursty services like web-browsing, whereas for services with very tight delay requirements like VoIP, uplink synchronisation should be maintained. Thus depending on the service, E-UTRAN should be allowed to decide if uplink synchronisation should be maintained or not in LTE_ACTIVE. As previously discussed in RAN2, this can be solely managed at L1 and remain transparent to upper layers.












