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Discussion
1 Introduction 
In the HETNET scenario, any increase in short times of stay can increase battery drain as well as drop in throughput for UEs. One way to overcome the short “TOS” issue is consider mechanisms for avoiding a “Pico cell” by the network for UEs under medium or high mobility. In this document, we discuss why the “pico cell avoidance” issue for UEs those are in Medium or High mobility state is important. It has to be understood that the pico cell avoidance is a separate issue from Pico cell detection though pico detection can help in the avoidance.
2 Pico cell avoidance
There is a need to increase the capacity of cellular networks to support the successful growth of mobile broadband usage. Network densification through adding low power nodes creating a heterogeneous network is identified as a key method to meet future demands. With the increase in the cell density for a given area, there will be an increase in instances of short time of stays in the small cells. In the HETNET scenario, any increase in short times of stay can increase battery drain as well as drop in throughput for UEs. The problem can become acute under high UE speeds. Thus it becomes important to address the issue of increased short time of stays in small cells specifically under medium and high speeds. 
One way to overcome the short “TOS” issue is consider mechanisms for avoiding a “Pico cell” by the network for UEs under medium or high mobility. 

Figure 1 provides the average TOS for UEs in a HETNET scenario. 4 picos are considered per Macro cell. For the simulations, the Evaluation Metrics are as per TR 36.839 and the all radio parameters are according to TR 36.814. 
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Figure 1: TOS for UEs under 60kms speed
From figure 1 we can see that the a UE’s TOS in a pico 50% of the times to be less than 3sec and 90% of the times to be less than 10 sec. This is only expected to get worse with increasing UE speed. Increase in short times of stay will increase battery drain as well as drop in throughput for UEs. 
The figure below provides the LTE handover sequence.
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Figure 2: LTE handover sequence

The following table summarizes the estimated interruption time (assuming no large worst case interruption times, which could otherwise occur in the case of regular random access as a result of potential collisions). For the delay calculations in the table we assume that the one way L1/L2 transmission time is made up of L1/L2 processing at the sender (1 ms) + transmission time (TTI=1 ms) + L1/L2 processing at the receiver, which is altogether 3 ms, i.e., RTT=6 ms. For the RRC message we assume an additional 2 ms for the processing of the message at RRC level in the receiver.
	
	Delay
	Comment

	T1
	2 ms
	Time for processing the HO Command after it has been received on L1/L2.
(Receiving the HO Command on L1/L2 could be also the last time instant when DL data is received or alternatively the eNB may continue sending DL data after the HO Command, dashed line in the figure.)

	T2
	1+1 ms
	Sending the last UL data and ACK/NACK (L1/L2 processing sender + TTI)

	T3
	1 ms
	L1/L2 processing time of the last UL data at the eNB

	T4
	0+(0-10)+1 ms 
	Switching the radio (getting DL synch, already obtained ~ 0 ms) + waiting for the RA slot + sending the preamble

	T5
	5+1+1 ms
	Processing the RA transmission in eNB + sending first DL msg and data (L1/L2 processing + transmission time)

	T6
	2 ms
	Processing DL msg. TA and UL grant  and the first DL data

	T7
	1+1+1 ms
	Transmission time of the first UL msg  (L1/L2 processing + transmission) + processing in the eNB

	UL interruption
	T4+T5+T6+T7-T3
12-22 ms
	Depending on the waiting time for the RA slot.

	DL interruption
	(T2)+T4+T5+T6
12-22 ms
	Depending on the waiting time for the RA slot.
T2 can be omitted, if eNB keeps sending DL data even after the HO Command has been sent


Table 1: Interruption time estimate

We can see that from the TOS CDF curve (figure 1) and the Interruption time estimates table, that for every Pico cell encountered by a UE and associated with a short TOS, the UE faces an approximate UL and DL interruption times of around 50ms (not the worst case) which in itself might not be significant, but when we consider the UE processing and messaging overheads, the battery consumption overheads faced by the UE are significant. The load on the network (X2- interface) might also be significant.
Thus small cell avoidance becomes an important issue that needs to be addressed. In connected mode, the eNB can control the HO into a Pico cell when a UE is moving at relatively high speed. Essential to this small cell avoidance is the accurate knowledge of UE speed at the eNB but the issue of the accuracy of the UE speed at the eNB is another issue altogether and addressed in another contribution [1]. 

3 Conclusion & Proposals
This contribution addresses the issue of small cell avoidance for UEs under high mobility. There have been enough contributions addressing the issue of Pico cell detection. It has to be understood that the pico cell avoidance is a separate issue from the Pico cell detection issue though pico detection can help in the avoidance. The issue of small cell avoidance is applicable for CSG and Hybrid cells as well.

Proposal 1: Capture the problem of “Small cell avoidance” for UEs under Medium or High mobility as a problem to be addressed in the TR.

4 Reference
[1] R2-120711, UE Speed estimation in HETNETs, Samsung

[2] 36.822, 36.300, 36.423
[3] R2-113126:
Discussion of HetNet Mobility Topics for Rel-11
Nokia Siemens Networks, Nokia Corporation Disc

[4] R2-113300:
BTS cell discovery enhancement
LG Electronics Inc.
Disc











































































_1389513682.doc


UE







source



eNodeB







target



eNodeB







EPC







1. Measurement report







2. Handover decision







3. Handover Request







5. Handover Request Ack.







4. Reserve resources







6. Handover Command (container)







Forwarding of UP data







7. Switching (incl. waiting for RA slot)







8. Random Access (with dedicated preamble)











10. Time Alignment + Scheduling Grant (for HO Complete and UL data)







11. Handover Complete







Path Switch Request







12. Release Resources







T2







T7











UL interruption







DL interruption







T1







T4







T3







T5







T6












