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1
Introduction

Uplink synchronisation maintenance in E-UTRAN RRC_CONNECTED state has been discussed in several contributions [1-4]. Several companies seem to be in favour of supporting the idea that UE may loose uplink synchronisation while in RRC_CONNECTED state. This is also Nokia’s view. In this paper we try to look at some of the benefits and drawbacks of allowing the loss of uplink synchronisation. Additionally a simple method for re-synchronising the UL using non-contention based approach is presented, as well as simple methods for control.

2
Benefits and Drawbacks
This section looks at the benefits and drawbacks of allowing the UE to loose uplink synchronisation while in RRC_CONNECTED state. 
There are certain benefits gained from having a system in which requirements to maintenance of uplink synchronisation in RRC_CONNECTED state are less strict. Meaning that it would not be a mandatory requirement to keep the UE uplink synchronised at all times while being in RRC_CONNECTED state. The three main benefits of allowing the UE to loose its UL synchronisation are:

-
Removal of uplink & downlink control signalling needed only for keeping uplink synchronisation;
-
Possibility to reduce traffic on air interface;
-
Lower UE power consumption in RRC_CONNECTED state.
On the drawbacks of loosing uplink synchronisation:
-
Increased delays whenever synchronisation needs to be re-established for uplink data transfer;
-
Possible increase of traffic on contention based RACH.
It should be noted that allowing for the uplink to loose synchronisation does not mean that the eNB cannot maintain the synchronisation when required. This is best illustrated through two examples:
-
An active data transmission session with “continuous” UL/DL traffic will have best performance if uplink synchronisation is maintained during the session. As there is constant uplink and downlink data to transmit there is no need to transmit additional packets for the purpose of keeping uplink synchronisation only. Typical example here would be VoIP.
-
A less active data transmission session will have sporadic UL/DL traffic. The occasional data traffic is bursty and infrequent. Due to the nature of the traffic a short delay in the transfer of UL packets is not seen as major performance degradation. This type of traffic does not require constant uplink synchronisation. Typical example of this type of traffic could be web-browsing.
On the issue how the control of uplink synchronisation can be handled is addressed in next section.

3
Uplink Synchronisation Control
3.1
Access Burst on UL-SCH
Uplink synchronisation can be gained through usage of normal contention based RACH [1] [2]. But it is obviously beneficial to reduce the traffic on the contention based RACH channel as much as possible whenever this is feasible. Once uplink synchronisation of a UE is lost in RRC_CONNECTED mode, it is not always necessary to use the contention based RACH depending on whether the UE or the eNB is requesting for re-synchronising the timing advance: if the UE requests the timing advance to be resynchronised, normal contention RACH has to be used; but if the network requests the timing advance to be resynchronised, something else than the normal contention RACH can be used as illustrated next.
As the UE in RRC_CONNECTED state is assigned a unique identifier (C-RNTI) it means that the UE can be assigned uplink resources. This fact can be used by the eNB for applying a simple way for re-synchronising the UE in uplink by assigning the UE uplink resources on UL-SCH. UE will then use the UL-SCH allocation for transmitting access burst or RACH burst. From this the eNB can calculate the timing advance to be used by the UE. This is illustrated in figure 1.
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Figure 1: Illustration of RRC_CONNECTED state 
uplink synchronisation using UE dedicated UL-SCH
By allowing a random access burst to be sent on dedicated resources for re-synchronising the UE, it is possible to reduce load on the contention based RACH. 
3.2
Timing Advance Validity
Above discussion suggests that maintenance of UE uplink synchronisation is not necessary always in RRC_CONNECTED state. For uplink re-synchronisation UE dedicated UL-SCH can be used for reducing the traffic on RACH. Next topic discussed here are proposals on how the control and determination of when the uplink synchronisation can be regarded valid and when not.
If uplink synchronisation between UE and eNB is not maintained at all times while UE is in RRC_CONNECTED state, some rules are needed in order to assure proper functionality and control from network side. Earlier papers on this topic [1] [2] have already suggested ways how to assess the validity of uplink synchronisation simply by using a timer. Including using a timer controlled approach, some possibilities for uplink synchronisation management are:

1)
Uplink synchronisation validity based on timer;
2)
Synchronisation validity indicated directly by eNB.
The first alternative relies on some pre-determined time interval information to be used by UE and eNB to determine if latest uplink synchronisation is still valid. The second alternative is slightly different as it includes specific signalling for each situation.

The first alternative could be realised in such a way that the network broadcast a threshold value to be used by the UE for evaluating how long time an assigned uplink synchronisation value is valid. This threshold could be given as time or depend on scheduling interval. If time elapsed since last possible update of uplink synchronisation value exceeds this threshold the UE shall act as if it is no longer uplink synchronised. [4] suggests a threshold value around 500ms. The second alternative can be realized by e.g. indicating UE in resource allocation whether latest received uplink synchronisation is still valid or not.

At the moment we do not see strong demand for providing the flexibility that the second alternative allows. Thus the first alternative where a simple timer is used is preferred for its simplicity.
4
Conclusions

Because it saves both battery and cell resources, the loss of uplink synchronisation should be allowed when the UE is in RRC_CONNECTED state. For re-synchronising the UE in uplink without the need to use contention based RACH, this paper suggests to use of random access burst on the UL-SCH when the network wishes to resynchronise the UE. For the control of the validity of uplink synchronisation, it is proposed that a system specific parameter is used for determining the validity of the timing advance.
5
Text proposal to TS
10.1.2.7
Timing Advance

In RRC_CONNECTED, it remains FFS whether the timing advance is permanently not necessarily always maintained (e.g. during long DRX) or not. If not, MAC knows if the L1 is synchronised and which procedure to use to start transmitting in the uplink (FFS for RRC).

Cases where the UL synchronisation status may move from “synchronised” to “non-synchronised” include:

-
Expiration of a timer;

-
Non-synchronised handover;

-
Explicit request by MAC or RRC in the eNB;

For UL synchronisation to move from “non-synchronised” to “synchronised” a random access burst needs to be sent by the UE either:

· on RACH when the UE requests it

· on UL-SCH when the eNB requests it
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