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1. Introduction 

It has been suggested to use an overload indicator for uplink power control in LTE ‎[1]. One suggestion is one bit over-the-air since the X2 is expected to be too slow ‎[2]. A too long delay is expected to be unacceptable in urban canyon environments ‎[2]. In this paper the timing of overload indicator over X2 and air are studied and an assessment of the resulting worst case path gain change is done. Also, the timing is related to handover and handover alternatives are discussed.
It is found that the X2 delay is acceptable. With reasonable UE requirements it is not expected that the over-the-air delay will be shorter. Also, the foreseen problem in urban canyon environments is UE:s transmitting in non-best cell due to slow handover initiation. Improved handover is an alternative to overload indicator.  To locate overload indicator decision and information in nodeB enables further optimization in co-operation with handover selecting best cell rather than limiting power for UE:s in wrong cell.

2. Timing and Delay of Overload Indicator and Handover
2.1. X2-based overload indicator
The studied overload indicator is as option 1 ‎[2],  a common indicator per cell transmitted to all UE:s. The UE:s may then depending on downlink path gain measurements and defined thresholds take this indicator into account for uplink power control.

The timing of overload indicator over X2 is shown in Figure 1.     


[image: image1.emf] 

UE  

source   eNodeB  

target   eNodeB  

X2 o ve r load indicator  

Uplink load measure  

L1/L2  overload indicator  

D elay  


Figure 1 X2 overload indicator timing

To make an assessment of the total delay the following assumptions are made:

· eNodeB processing: 2ms

· X2 message delay: 10ms

· L1/L2 message delay: 3ms
The resulting total delay will with these assumptions be; target eNodeB processing + X2 message + source eNodeB processing + L1/L2 message, 2+10+2+3 = 17ms.

The overload indicator from eNodeB to the UE can also be included in the scheduling grant message, alternatively the desired power reduction is included in the scheduling grant.  

2.2. Over-the-air overload indicator

With a limited receiver capacity in the UE reception of information from neighbouring cells can not be done continuously. Some scanning interval of an over-the-air indicator is expected. Without any additional requirements and costs the same interval as scanning for handover candidates is a reasonable assumption.

The timing of overload indicator over-the-air is shown in Figure 2.     
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Figure 2 Over-the-air overload indicator timing

Some additional assumptions to the ones above for X2 are made:

· Over-the-air one bit overload delay: 1ms

· Neighbouring scanning interval equal to handover measurement interval: 60ms

The resulting total average delay will then be; target eNodeB processing + overload indicator + half of the scanning interval, 2+1+60/2 = 33ms.

The main contribution to over-the-air delay is the UE scanning interval and this is the reason why over-the-air delay is longer than the X2 alternative. This can be made shorter for example by introducing an active set of monitored overload indicators. But this will be on the cost of UE complexity and increased DRX factor. Also, in the considered urban canyon scenario ‎[3] with fast changing path loss the target cell may not even be considered as a handover candidate and included in the active set. To find the cell and detect its overload indicator a full cell search is needed followed by synchronization. Also some sort of active set needs to be maintained, either autonomous in the UE or controlled by the network. To be on pair with X2 delay the UE scanning interval must be decreased to (17-3)*2 = 28ms. Assuming a 10ms scanning interval the average delay will be 2+1+10/2 = 8ms.
2.3. Handover delay

Figure 3 shows the initial part of handover timing. 
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Figure 3 Handover timing
Assuming two UE measurements needed before handover is triggered this will result in a total average delay from a better cell exist until not longer scheduled in the old cell: 1.5 scanning intervals + Measurement report (RRC) + source eNodeB processing + Handover Request (X2) + target eNodeB processing + Handover ack. (X2) + source eNodeB processing + Handover Command (RRC), 1.5*60+3+2+10+2+10+2+3 = 122ms.

The main contribution is the UE measurement, 90ms in average. This can as discussed for the overload indicator be made shorter on the cost of UE complexity and battery consumption.

3. Path Loss Change Analysis
With 120km/h (33m/s) mobile speed and 4dB/m path loss change as in ‎[3] the path loss change rate is 0.13dB/ms. The path loss will then have been changed  within the above estimated delays:

· X2 overload indicator delay of 17ms:  2.3dB
· Over-the-air overload indicator delay of 33ms with handover scanning interval: 4.4dB
· Over-the-air overload indicator delay of  8ms with fast scanning: 1dB
· Handover initiation delay of 122ms: 16dB

The overload indicator delay will not even in this rather extreme scenario be a severe problem, regardless of whether it is transmitted over-the-air or over X2 and of the over-the-air scanning interval. During the handover delay the path loss may with these assumptions have been changed much. One could question if an UE shall transmit at all in a cell that is 16 dB worse than the best cell even with a power reduction. This rather unusual case can probably better be solved with simpler solutions without affecting the overall service quality. For example inhibit transmission or scheduling request based on handover measurement status in the UE, or attaching handover awaiting indication in scheduling request.
4. Conclusion

A network based inter-cell uplink power control is preferred since;

· The overload indicator delay is expected to be acceptable for both X2 and over-the-air signaling. 
· Without significantly increasing the UE complexity, such as introducing an active set and the associated signaling and procedures, it is found that over-the-air will probably not result in shorter delay than the X2 alternative.
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