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1 Introduction:

The necessity for an LPP re-transmission sub layer (or another mechanism introducing reliability for LPP) is an important decision as some LPP packet loss may happen at handover and in radio link failure cases. 
This paper estimates the probability of LPP packets getting lost during handovers (in both uplink and downlink for S1 and X2 handovers) and Radio Link Failure scenarios.
2 Discussion

Inter handover time of 10 sec is assumed out of which only 2/3 rd handovers are Inter eNB typically. Therefore the time spent by the UE in the same eNB will be 15 sec. on an average.
The following sections analyze the UL and DL situation for Handover and Radio Link Failure situation.

2.1 Downlink:

2.1.1 X2 Handover:

The LPP packets shall not be received by the UE when either:
1. The MME sends the DL-LPP message to a wrong eNB, or;

2. The source eNB was not able to transmit the DL-LPP packet to the UE to avoid delay (delay before sending it the HO command).
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Figure 1: X2 HO: Delay between Point A and B

Part 1: MME sends the DL-LPP message to a wrong eNB

In X2 HO, the MME assumes that the UE is in eNB_A when the UE has actually left eNB_A is given as point A and B in the figure 1. During this time all the messages targeted for the UE will be wrongly sent to the old eNB. After point B, the MME would come to know of the target eNB.

Time assumption between point A and B =

RACH Delay in sending the handover complete to the t-eNB = 10.5 ms

+

Processing delay at the target eNB = 4 ms

+

S1-C transmission delay = 1 ms

+

MME Processing Delay = 10 ms (assumption)

= 25.5 ms.

% of time the MME would send the e-smlc message to a wrong eNB = 25.5 ms/ 15 sec


= 0.17%
Part 2: eNB received the DL-LPP message but could not send it across to the UE to avoid HO delay

Among all LPP messages, Assistance Data Delivery would be the biggest message to be delivered to the UE. In UMTS, networks used Measurement Control Messages (MCM) to deliver the Assistance data to the UE. Typically some MCMs were sent one after the other and the size of these MCMs was typically around 2400 bytes.

In some of the LTE IOTs/field logs so far the average data rate seen in nearly last 500 ms (before the UE received the HO command) is something like 6300 Kbps. So, time taken to transport 2400 bytes will be restricted to user plane delay corresponding to ~ 3 TTI (= 2400 Bytes/ 6300 Kbps) equaling 4 + p*8 ms + 2.

For 10% re-transmission this figure goes to 6.8 ms. Since a buffer flush happens every handover (intra and Inter eNB); 
· % of time the eNB received the LPP message but could not send it across to the UE before sending it the HO command is (=6.8/10000) equal to .07%.

2.1.2 S1 Handover:

As shown in Figure 2: S1 HO all (the t-eNB and the t-MME) are already prepared before the HO command is sent, there should not be a loss of DL LPP packets during the HO procedure.
2.1.3 Radio Link Failure:
As in Part 2 of 2.1.1 the % of time the eNB received the LPP message but could not send it across to the UE before the RLF occurred is equal to 0.07%.
Re-establishment: The uncertainty time during which the UE is actually not reachable could be very long depending on the radio condition and the timers (T310, T311). Therefore, when the RLF occurs there might be significant drop of LPP packets. 
With the default values of T310 and T311 (each of 1 sec), the RLF time as a % of the total time UE spends in an eNB (i.e. 10 sec) = 20%. 
This seems obnoxiously high. Fortunately this shall not be the case and the handover to RLF ratio will be much higher than 1. The assumption made further is that RLFs are rare compared with handover in a stable UE-Network scenario such that for every 100 handovers on an average only 1 RLF is observed. This assumption seems somewhat justifiable based on the following premises:

100 handovers will occur in a time of (100 * 10) sec < 17 minutes. 

Further assuming UE recovers (successfully re-establishes) in half of the RLFs;
So unless handover to RLF occurrence ratio is more than 100, RLF leading to call drop would occur every 34 (=17*2) min or less which is of course unacceptable in a mature deployment.
Therefore the probability of LPP packet loss during Re-establishment becomes 1/100th of 20%
· Probability of LPP packet loss during Re-establishment is 0.2%

· Total probability of LPP packet loss due to RLF is 0.07% + 0.2% = 0.27%
Total Loss Probability in Downlink:
	Downlink

	X2
	Part 1
	0.17%

	
	Part 2
	0.07%

	S1
	 
	0

	RLF
	 
	0.27%

	Total
	 
	0.51%


Therefore, combining all the loss possibilities, the Total Loss probability in Downlink is 

0.51%

2.2 Up-Link

In UL when the UE is transmitting an UL LPP message on SRB2 and the handover command is received. Then further transmission of the LPP message is stopped and the handover takes place. Since there is no automatic retransmission of the message in the next cell, the message is lost. So the loss-rate is similar to part 2 for handover-DL (.07%). It should however be noted that there is no part 1 for handover-DL in Up-Link case. For further investigation we look in to X2 and S1 handovers separately:
2.2.1 X2 Handover: 
As seen in figure 1 [Figure 1: X2 HO: Delay between Point A and B] The UE is aware of the handover/ RLF and moreover as the MME does not change there is no risk of loosing UL LPP packets due to handover.
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Figure 2: S1 HO

2.2.2 S1 Handover: 
UE announces its arrival on the target cell. Thereafter {step 12: UE sends HO Confirm to the t-eNB} the UE shall send the LPP message on SRB2 to this eNB only and the t-eNB should take care that it forwards the same to the t-MME only after it has notified the t-MME in step 13 (handover Notify). Hence any potential risk of loosing packets is avoidable.
Therefore total Loss rate in handovers is equal to 0.07%.
2.2.3 Radio Link Failure
In RLF situations when the UE is transmitting an UL LPP message on SRB2 and the RLF happens. Then further transmission of the LPP message is stopped and the Re-establishment takes place. Since there is no automatic retransmission of the message post Re-establishment, the message is lost. So the loss-rate is similar to part 2 for handover-DL (.07%). 

Total Loss Probability in Up-Link:
	Up-Link

	Handover
	0.07%

	RLF
	0.07%

	Total
	0.14%


Therefore, combining all the loss possibilities, the Total Loss probability in Up-Link is only
0.14%.
3 Conclusion:

The total loss probability for LPP packets in DL case is 0.51% and the total loss probability in UL case is 0.14%. So, for these very rare cases it seems sufficient that no separate re-transmission sub-layer is specified; especially since resulting complexity (e.g. from LPP re-transmission) can be easily avoided as the end points can use a fresh Request-Response procedure (if the need be). 
� Handover interruption time in REV-090004 Radio layer 2 and RRC aspects
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