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1
Introduction
At RAN WG2 meeting #56 and subsequent email discussions, out-of-sequence due to forwarding and path switch at handover was mentioned as a reason to justify the reordering of DL SDUs at the target eNB after handover. The purpose of this contribution is to assess how likely it is that out-of-sequence occurs when the agreed forwarding and late path-switch are applied.

2
Background

Upon HO, the management of DL RLC SDUs has been agreed as follows [1]: 

-
The source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. 
-
The target eNB re-transmits and prioritize all downlink RLC SDUs forwarded by the source eNB as soon as it obtains them.

A late-path switch approach has been agreed where the path between the aGW and the eNB is updated only once the UE enters the target cell [1]:


[image: image1.emf]Handover Command

Handover Confirm

UE Update

UE Source eNB Target eNB MME/UPE

Detach from old cell and 

synchronize to new cell

HO Decision

Path Switch


Figure 1: RLC SDU Management at HO

3
Analysis
For the purpose of the analysis, serial transfer of DL SDUs at the same rate as the radio interface is assumed over S1 and X2. Also since the out-of-sequence we are interested in is the one possibly due to forwarding and late path-switch, out-of-sequence solely due to S1 and X2 are excluded (note that they are rare event anyway [2]). 
In many cases there are no other links involved between neighbour eNBs than their last mile link: X2 interface will share the same physical link as S1. If this physical link is characteristically slow then it would also impact the corresponding S1 of the source and target eNB. Hypothetically, one could imagine cases where the link capacity would be hard-partitioned between S1 and X2, with X2 getting a very small share. Such inappropriate configurations would be deliberate, lead to foreseeable drawbacks and should not be the basis of LTE/SAE design. In practical terms, X2 interface should not be a lot slower than S1.
Different transfer delays are compared between X2 and S1:
-
X2 four times slower than S1 (see Table 1);

-
X2 twice slower than S1 (see Table 2);

-
X2 as fast as S1 (see Table 3);

-
X2 twice faster than S1 (see Table 4).
Even with an X2 interface four times slower than S1, the first SDU received by the UE in the target cell will be one that is forwarded by the source i.e. an in-sequence SDU. As can be seen from Figure 1, only if forwarding over X2 is slower than the HO procedure (time elapsed between HO_COMMAND and HO_CONFIRM), out-of-sequence is introduced by the forwarding. We believe that with well managed transport network, the forwarding of SDUs over the X2 interface should be at least as fast as the radio part of the HO procedure: in-sequence delivery is maintained at HO.
Table 1: X2 four times slower than S1

	UE
	Source
	Target
	aGW
	Comments

	
	1
	
	2
	

	1
	2
	
	3
	

	2
	3
	
	4
	

	3
	4
	
	5
	

	4
	5
	
	6
	

	5
	6
	
	7
	Forwarding Starts

	
	7
	
	8
	

	
	8
	
	9
	

	
	9
	
	10
	

	
	10
	6
	11
	

	
	11
	7
	12
	

	
	12
	8
	13
	Path Switch

	6
	
	9 & 13
	14
	

	7
	
	10 & 14
	15
	

	8
	
	11 & 15
	16
	

	9
	
	12 & 16
	17
	

	10
	
	13 & 17
	18
	

	11
	
	18
	19
	

	12
	
	19
	20
	

	13
	
	20
	21
	

	14
	
	21
	22
	

	15
	
	22
	23
	

	16
	
	23
	24
	

	17
	
	24
	25
	


Table 2: X2 twice slower than S1
	UE
	Source
	Target
	aGW
	Comments

	
	1
	
	2
	

	1
	2
	
	3
	

	2
	3
	
	4
	

	3
	4
	
	5
	

	4
	5
	
	6
	

	5
	6
	
	7
	Forwarding Starts

	
	7
	
	8
	

	
	8
	6
	9
	

	
	9
	7
	10
	

	
	10
	8
	11
	

	
	11
	9
	12
	

	
	12
	10
	13
	Path Switch

	6
	
	11 & 13
	14
	

	7
	
	12 & 14
	15
	

	8
	
	15
	16
	

	9
	
	16
	17
	

	10
	
	17
	18
	

	11
	
	18
	19
	

	12
	
	19
	20
	

	13
	
	20
	21
	

	14
	
	21
	22
	

	15
	
	22
	23
	

	16
	
	23
	24
	

	17
	
	24
	25
	


Table 3: X2 as fast as S1

	UE
	Source
	Target
	aGW
	Comments

	
	1
	
	2
	

	1
	2
	
	3
	

	2
	3
	
	4
	

	3
	4
	
	5
	

	4
	5
	
	6
	

	5
	6
	
	7
	Forwarding Starts

	
	7
	6
	8
	

	
	8
	7
	9
	

	
	9
	8
	10
	

	
	10
	9
	11
	

	
	11
	10
	12
	

	
	12
	11
	13
	Path Switch

	6
	
	12 & 13
	14
	

	7
	
	14
	15
	

	8
	
	15
	16
	

	9
	
	16
	17
	

	10
	
	17
	18
	

	11
	
	18
	19
	

	12
	
	19
	20
	

	13
	
	20
	21
	

	14
	
	21
	22
	

	15
	
	22
	23
	

	16
	
	23
	24
	

	17
	
	24
	25
	


Table 4: X2 twice faster than S1

	UE
	Source
	Target
	aGW
	Comments

	
	0
	
	2
	

	0
	1
	
	3
	

	1
	2
	
	4
	

	2
	3
	
	5
	

	3
	4
	
	6
	

	4
	5
	
	7
	Forwarding Starts

	
	6
	5
	8
	

	
	7
	6
	9
	

	
	8
	7
	10
	

	
	9
	8
	11
	

	
	10
	9
	12
	

	
	11
	10
	13
	Path Switch

	5
	12
	11
	14
	

	6
	
	12 & 13
	15
	

	7
	
	14
	16
	

	8
	
	15
	17
	

	9
	
	16
	18
	

	10
	
	17
	19
	

	11
	
	18
	20
	

	12
	
	19
	21
	

	13
	
	20
	22
	

	14
	
	21
	23
	

	15
	
	22
	24
	

	17
	
	24
	25
	


4
Conclusion
This contribution has shown that with well managed transport network, in-sequence delivery is maintained at HO because the forwarding of SDUs over the X2 interface is at least as fast as the radio part of the HO procedure (time elapsed between HO_COMMAND and HO_CONFIRM).
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