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Discussion
1. Introduction
The Stage 2 TS for E-UTRA [1] currently contains some FFS points with regards to DL data forwarding during inter eNB handovers. This document provides some analysis on the FFS points.
2. Discussion
2.1. Current status of DL data forwarding at inter-eNB handover
The current text in the Stage 2 TS regarding DL data forwarding at inter-eNB handover is copied below:

“Upon handover, 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 source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB. Correspondingly, the source eNB deos not forward the donwlik RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS. The optimisation to only re-transmit the downlink RLC SDUs not successfully received by the UE is FFS.”
The 2 FFS points that exist in the above text is extracted below.

FFS point 1:

The optimisation to only re-transmit the downlink RLC SDUs not successfully received by the UE is FFS.
FFS point 2:

Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide is FFS.
These FFS points are studied in the following sections

2.2. Study on FFS point 1

With the agreed baseline data forwarding procedure, “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” and “The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB” upon inter-eNB handover. With this baseline procedure, the target eNB performs duplicate transmission for the following RLC SDUs:
[RLC SDU Type 1] RLC SDUs successfully received by UE, but who’s RLC ACKs were not received by source eNB

[RLC SDU Type 2] RLC SDUs who’s RLC ACKs were received by source eNB, but out-of-sequence

In order to obtain an idea of the amount of such RLC SDUs that would exist at the time of handover and the TTI resources that would be used for duplicate transmissions at the target eNB, simulations were performed with the setup outlined in Table 1.

Table 1 – Simulation setup for the results in Figures 1 and 2
	HARQ
	TB size
	TB size = RLC PDU size

	
	N channel stop and wait
	N = 6

	
	BLER profile
	1Tx = 0.4

	
	
	2Tx = 0.07

	
	
	3Tx = 0.022

	
	
	4Tx = 0.003

	
	
	5Tx = 0.0008

	
	
	6Tx = 0.00025

	
	
	7Tx = 0.00004

	
	
	8Tx = 0.00001

	
	
	9Tx = 0.000001

	
	Nack->Ack error rate
	0.001

	
	Ack->Nack error rate
	0

	RLC
	SDU size
	1500byte

	
	PDU size
	Fixed per simulation (varied as a parameter)

	
	SN window size
	128

	
	ACK feedback trigger
	Polling

	
	Polling
	Poll window based

	
	
	Poll window = 75% (96/128)

	
	
	Timer_Poll_Prohibit = 50ms

	
	NACK feedback trigger
	Missing PDU detection

	
	Missing PDU detection
	T1 timer based

	
	
	T1_Timer = 50ms

	
	STATUS  feedback delay
	0ms (STATUS is known at Tx RLC as soon as it is triggered at Rx RLC)

	# of UEs
	1

	Simulation runtime
	50000TTIs


The results are shown in Figures 1 and 2 for RLC SDU Type 1 and Type 2, respectively.
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Figure 1 – Simulation result on RLC SDU Type 1 without any smart RLC polling
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Figure 2 – Simulation result on RLC SDU Type 2 without any smart RLC polling

It can be seen from Figure 1 that the average number of RLC SDU Type 1 that will result is roughly ([TB size]/[RLC SDU size])*([Poll window]/2), and the number of TTI resources that would be used for duplicate transmissions at target eNB is roughly ([Poll window]/2) scaled by the HARQ BLER profile, which is quite high. It can be seen from Figure 2 that the average number of RLC SDU Type 2 that will result is negligible.

The simulations performed for the results obtained in Figures 1 and 2, did not assume any smart RLC polling schemes, i.e. RLC polling was purely poll window based. For LTE, however, with both RRC and RLC residing at eNB together with the DL MAC scheduler, some smart polling mechanism can be thought of to avoid having RLC SDU Type 1 at the time of handover, and hence avoiding the high number of TTI resources that would be used for duplicate transmission at target eNB observed in Figure 1. Specifically, source eNB RRC can indicate source eNB RLC to perform polling when it decides to initiate the handover procedure for an UE. Ideally, such interaction can eliminate RLC SDU Type 1 totally when inter-eNB handover is performed. The resulting number of RLC SDU Type 2 that would exist at the time of handover and the TTI resources that would be used for duplicate transmissions at the target eNB of these RLC SDUs under this scenario are shown in Figure 3.

[image: image3.emf]SDUs ACKed out-of-sequence at source eNB (SDU size = 1500byte)

0

5

10

15

20

25

30

35

40

0 200 400 600 800 1000 1200 1400

TB payload size (=RLC PDU payload size) [byte]

Number of these SDUs [Maximum] Number of these SDUs [Average] Required TTIs to transmit these SDUs from target eNB [Average]


Figure 3 – Simulation result on RLC SDU Type 2 with smart RLC polling

It can be seen from Figure 3 that the average number of RLC SDU Type 2 that will result is still negligible.

Conclusion 1: 

Source eNB RRC should indicate source eNB RLC to perform RLC polling when it decides to initiate the handover procedure for an UE.

Conclusion 2:

The optimisation regarding FFS point 1 is not needed.

2.3. Study on FFS point 2

FFS point 2 deals with the reordering between data forwarded from source eNB to target eNB and data routed directly from aGW to target eNB. If reordering between these data is not supported, UE PDCP will provide out of order data to the application layer. If we consider TCP applications, 4 out of order TCP data packets will half the TCP window size (assuming 1 TCP ACK feedback per 2 TCP data packets and 3 duplicate TCP ACKs to half the TCP window size). Therefore, we definitely think reordering between these data should be performed. The question then, is whether this reordering should be performed at target eNB or at UE.

One argument for performing this reordering at UE is to allow target eNB to transmit data routed from aGW before data forwarding from source eNB is completed. However, we note that this is advantageous only when the achievable Uu rate after handover is greater than the data forwarding rate over X2, and not seen as a big issue since (1) appropriate design of X2 bandwidth should assure that the attainable data forwarding rate over X2 to be larger than the attainable Uu rate at cell edge in most cases, and (2) Uu resources can also be allocated to other UEs.
Then, in order to avoid redundant reordering functions at the UE (reordering at RLC and PDCP), our preference is to have the target eNB to perform complete reordering between data forwarded from source eNB and data directly routed from aGW. However, it is unclear to us at the moment whether complete reordering between these data can be performed at the target eNB. We list the possible mechanisms we see to realize this complete reordering below:
Alt 1:

Based on PDCP SN

Alt 2:

Based on common GTP SN across aGW – source eNB S1 I/F, source eNB – target eNB X2 I/F and aGW – target eNB S1 I/F
Alt 3:

Based on “last data” indication via C-plane signalling over the S1 and X2 interfaces

Support of Alt 1 will require the target eNB to be PDCP SN aware, there could be issues with layer violation. Support of Alt 2 and Alt 3 is a RAN3 issue, but it seems that RAN3 is not following such assumptions at the moment. If it turns out that none of the alternatives are viable, then the target eNB should not be required to perform complete reordering but should be required to prioritize transmission of data forwarded from the source eNB over the data directly routed from the aGW, and UE reordering at PDCP should be supported.
Conclusion 3:

Reordering between data forwarded from source eNB and data directly routed from aGW to target eNB needs to be supported in E-UTRA.
Conclusion 4:

If complete reordering of data forwarded from source eNB and data directly routed from aGW to target eNB is technically possible at eNB, PDCP reordering at UE is not required. If it is not technically possible, target eNB should be required to prioritize transmission of data forwarded from source eNB, and PDCP reordering at UE should be supported.
3. Conclusion

FFS points regarding DL data forwarding at inter-eNB handover was addressed in this document and the followings are concluded.

Conclusion 1: 

Source eNB RRC should indicate source eNB RLC to perform RLC polling when it decides to initiate the handover procedure for an UE.

Conclusion 2:

Optimisation to only re-transmit the downlink RLC SDUs not successfully received by the UE is not needed.

Conclusion 3:

Reordering between data forwarded from source eNB and data directly routed from aGW to target eNB needs to be supported in E-UTRA.

Conclusion 4:

If complete reordering of data forwarded from source eNB and data directly routed from aGW to target eNB is technically possible at eNB, PDCP reordering at UE is not required. If it is not technically possible, target eNB should be required to prioritize transmission of data forwarded from source eNB, and PDCP reordering at UE should be supported.
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