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1. Introduction

During RAN2#52 no decision about location of reordering (PDCP) has been taken. 
In addition it is left open whether it is done in the eNB or in the aGW or even not at all. In addition there is a RAN3 LS, containing a request

· to inform RAN3 about its decision on whether forwarding is based on the Outer ARQ SDUs (Service Data Units) or SDU/PDUs (Protocol Data Units) and to provide RAN3 with details of the selected mechanism.

· confirm RAN3 understanding that the necessary reordering mechanisms for any required in-sequence delivery on SAE Bearer level can be provided by PDCP layer without eNodeB involvement. 

This document describes the overall aspects of the support of the ARQ layer in the case of intra-RAT handovers. It takes into account the alternatives for

· whether ARQ is based on SDU or PDU level

· different reordering locations and no reordering at all

· Forwarding in downlink direction but with or without Forwarding in uplink direction

It concludes on

· a proposal of functions for the RLC layer out of the above mentioned alternatives and

· a proposal for the answer to the LS from RAN3.

2. ARQ Support for Intra-RAT Handover

2.1
ARQ on SDU level, ARQ on PDU level

In the following we will use the following definition of the two different modes (ARQ on SDU level, ARQ on PDU level):
ARQ on SDU level: in this case the ARQ SDU consists of one PDCP PDU, i.e. there is no segmentation of PDCP PDUs

The ARQ layer is working with ARQ_unseg PDUs
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Figure 1: ARQ on SDU level, i.e. one ARQ_unseg PDU

ARQ on PDU level: in this case the ARQ SDU consists of segments of a PDCP PDU, i.e. there is a segmentation of PDCP PDUs, in a special case the PDCP PDU is segmented in only one segment. 
The ARQ layer is working with ARQ_seg PDUs
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Figure 2: ARQ on PDU level, i.e. ARQ_seg PDUs
Concatenation of more than one ARQ SDUs into a single ARQ PDU is possible in both cases.

2.1
Used terms 

RLC layer

In the case of handover, all uplink activities of the RLC layer in the source eNB towards upper layers are stopped. Forwarding of user data and control information from the source eNB to the target eNB may be performed. The target eNB always sets up a new ARQ instance. 

Forwarding

During handover it is possible to extract PDCP PDUs out of the ARQ buffer within the RLC layer. The extracted PDCP PDUs are forwarded to the target eNB. The target eNB stores the PDCP PDUs according to their original sequence (e.g. identified by the  PDCP sequence number).
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Figure 3: Forwarding for Intra-RAT Handover

ARQ context

The ARQ context is the control information for reassembly of the PDCP PDU. During Forwarding of user data this ARQ context may be transferred to the target eNB as well.

ARQ SN reset

During ARQ SN reset all sequence numbers used by the ARQ instance are reset to a predefined value, e.g. zero. Already successfully received or transmitted ARQ PDUs are persistent. ARQ SN reset will always be performed in both eNodeB and UE to ensure that the sequence numbers match.

ARQ initialisation

Reset of the complete ARQ instance, i.e. after the ARQ initialisation, the ARQ instance does not remember anything that was present before the initialisation. The control of the ARQ initialisation is only done in one instance (uplink -> eNB; downlink -> UE).

Continuous ARQ operation

Indicates that all ARQ settings will be kept unchanged, i.e. no ARQ initialisation, no ARQ SN reset is required.

HARQ initialisation

The HARQ instance is reset in the UE and deleted in the source eNodeB. Within the target eNodeB, the HARQ instance is set up from scratch.

2.2
Classification of Reasonable Functional Alternatives for Intra RAT Handovers

In the listed alternatives, only such cases are considered which have a limited system complexity and are hence considered as feasible with a reasonable effort.

A summary of the assessment is provided in the chapter 2.3.
Table 1: Uplink Alternatives for ARQ working with ARQ_unseg PDUs 
	
	No reordering
	Reordering in the RLC layer

(i.e. in the eNB)
	Reordering in the PDCP layer

(i.e. in the aGW)

	Uplink impacts
	· No Forwarding by eNB
· ARQ SN reset 
· The UE sends the not-yet-ACKed ARQ_unseg PDUs to the target again.
· Already completely ACKed ARQ_unseg PDUs are not to be transmitted again.
	· No Forwarding by eNB
· ARQ SN reset 

· The  UE will need to send the complete ARQ buffer again, beginning with the oldest not-yet-ACKed ARQ_unseg PDU ( retransmission of already ACKed ARQ_unseg PDUs
	· Forwarding by eNB  of already ACKed ARQ_unseg PDUs  still in the ARQ buffer (not yet reordered) 

· Continuous ARQ operation

· The UE sends only the not-yet-ACKed ARQ_unseg PDUs to the target again
	· No Forwarding by eNB
· ARQ SN reset
· The UE sends the not-yet-ACKed ARQ_unseg PDUs to the target again

· Already completely ACKed ARQ_unseg PDUs are not to be transmitted again.

	Forwarding

data amount
	low
	low
	medium
	low

	eNB-UE Protocol

Complexity
	medium

	medium
	low
	medium


	Buffer size
	low
	medium (eNB)
	high (eNB)
	high (aGW)

	Radio efficiency
	good
	bad
	good
	good

	Remarks
	
	
	
	

	Alternative identifier
	UL_unseg_1
	UL_unseg_2a
	UL_unseg_2b
	UL_unseg_3


Table 2: Downlink Alternatives for ARQ working with ARQ_unseg PDUs
	
	No reordering
	Reordering in the RLC or PDCP layer

	Downlink impacts
	· User data Forwarding is required in downlink direction in all alternatives!

	
	· Forwarding of not-yet-ACKed ARQ_unseg PDUs.

· ARQ SN may be kept, or ARQ SN reset


	· Forwarding of not-yet-ACKed ARQ_unseg PDUs.

· if ARQ SN is kept ( reordering in RLC or PDCP 

· ARQ SN reset ( reordering in PDCP
	· Forwarding of all ARQ_unseg PDUs in the ARQ buffer (ACKed and NACKed).

· Continuous ARQ operation ( reordering in RLC or reordering in PDCP 

	Forwarding

data amount
	medium
	medium
	high

	eNB-UE Protocol

Complexity
	low/medium
	low/medium
	low

	Buffer size
	medium (eNB)
	medium (eNB)
	medium (eNB)

	Radio efficiency
	good
	good
	good

	Remarks
	high risk of persistent ARQ protocol failures

in case of NACK to ACK failure in HARQ operation (local ack from HARQ to ARQ)
	high risk of persistent ARQ protocol failures in case of NACK to ACK failure in HARQ operation (local ack from HARQ to ARQ)
	

	Alternative identifier
	DL_unseg_1
	DL_unseg_2a
	DL_unseg_2b


Table 3: Uplink Alternatives for ARQ working with ARQ_seg PDUs
	
	No reordering
	Reordering in the RLC layer

(i.e. in the eNB)
	Reordering in the PDCP layer

(i.e. in the aGW)

	Uplink impacts
	· Additional information about the correct reassembly (performed within RLC) of the PDCP PDUs is necessary.

	
	· No Forwarding

· ARQ SN reset in the UE.

· The UE starts to transmit the not-yet-ACKed PDCP PDUs in the target again. This may also include already ACKed ARQ_seg PDUs.
	· Forwarding of already ACKed ARQ_seg PDUs and ARQ context.

· Continuous ARQ operation.

· The UE starts to transmit the missing ARQ_seg PDUs of the not-yet-ACKed PDCP PDUs in the target again.
	· No Forwarding

· ARQ SN reset in the UE.

· The  UE will need to send the complete ARQ buffer again, beginning with the oldest not-yet-ACKed complete PDCP PDU
	· Forwarding of already ACKed ARQ_seg PDUs and ARQ context.

· Continuous ARQ operation.

· The UE starts to transmit the missing ARQ_seg PDUs of the not-yet-ACKed PDCP PDUs in the target again.
	· No Forwarding.

· ARQ SN reset in the UE.

· The UE starts to transmit the not-yet-ACKed PDCP PDUs in the target again. This may also include already ACKed ARQ_seg PDUs.
	· Forwarding of already ACKed ARQ_seg PDUs and ARQ context.

· Continuous ARQ operation.

· The UE starts to transmit the missing ARQ_seg PDUs of the not-yet-ACKed PDCP PDUs in the target again

	Forwarding

data amount
	low
	medium
	low
	medium
	low
	medium

	eNB-UE Protocol

Complexity
	medium
	low
	medium
	low
	medium
	low

	Buffer size
	low
	medium
	medium
	high (eNB)
	high (aGW)
	high (eNB+aGW)

	Radio efficiency
	medium
	good
	bad
	good
	medium
	good

	Remarks
	
	
	
	
	
	

	Alternative identifier
	UL_PDU_seg_1a
	UL_PDU_ seg_1b
	UL_PDU_ seg_2a
	UL_PDU_ seg_2b
	UL_PDU_ seg_3a
	UL_PDU_ seg_3b


Table 4: Downlink Alternatives for ARQ working with ARQ_seg PDUs
	
	No reordering 
	Reordering in the RLC or PDCP layer

	Downlink impacts
	· User data Forwarding is required in downlink direction in all alternatives!

· Additional information about the correct reassembly (performed within RLC) of the PDCP PDUs is necessary.

	
	· Forwarding of not-yet-ACKed ARQ_seg PDUs.

· Forwarding of the current not completely segmented and transmitted PDCP PDU

· ARQ context transfer

· ARQ SN shall be kept.
	· Forwarding of not-yet-ACKed ARQ_seg PDUs.

· Forwarding of the current not completely segmented and transmitted PDCP PDU

· ARQ context transfer

· ARQ SN shall be kept.

· reordering in RLC or PDCP
	· Forwarding of all ARQ PDUs in the ARQ buffer (ACKed and NACKed).

· Forwarding of the current not completely segmented and transmitted PDCP PDU

· Continuous ARQ operation ( reordering in RLC or reordering in PDCP

	Forwarding

data amount
	medium
	medium
	high

	eNB-UE Protocol

Complexity
	low
	low
	low

	Buffer size
	medium (eNB)
	medium (eNB)
	medium (eNB)

	Radio efficiency
	good
	good
	good

	Remarks
	high risk of persistent ARQ protocol failures in case of NACK to ACK failure in HARQ operation (local ack from HARQ to ARQ)
	high risk of persistent ARQ protocol failures in case of NACK to ACK failure in HARQ operation (local ack from HARQ to ARQ)
	

	Alternative identifier
	DL_PDU_ seg_1
	DL_PDU_ seg_2a
	DL_PDU_ seg_2b


Assessed attributes:

Forwarding data amount:

The amount of data depends on the part of the ARQ buffer contents that is transferred between source and target eNB.

eNB-UE protocol complexity:

This indicates the amount of control information that needs to be exchanged between eNB and UE, as well as the expected implementation effort for the ARQ protocol.

Buffer size:

The buffer size assessment takes into account both, reordering buffer and forwarding buffer. The buffer for reordering in aGW is considered to be high, because it must be large enough to handle a lot of uplink connections. However, due to the trunking gain, the total amount of necessary reordering buffer in the PDCP based solution, i.e. within the aGW, can be less than the sum of reordering buffers in the eNBs for the RLC based solution.

Radio efficiency:

The more user data will probably be sent a second time towards the target eNB, although it was already successfully received by the source eNB, the worse will be the overall radio efficiency. By means of forwarding as much as possible information between source eNB and target eNB directly, the radio efficiency can be improved. On the other hand, it does not make much sense to foresee a forwarding mechanism when the amount of data is expectet to be rather low, as in the case when the uplink reordering is located in the PDCP layer. Then the amount of data held in the eNB contains only those parts of PDCP PDUs that are not yet successfully transferred from the UE to the source eNB.

2.3
Summary of Intra RAT Handovers alternatives

HARQ issues in all intra-RAT handover cases

· without any Forwarding
Since no HARQ related information will be available in the target eNB, HARQ initialisation in the UE will be required.

· with Forwarding of ARQ buffer contents
In the case of Forwarding of the ARQ buffer contents, the context for the HARQ layer could also be transferred from the source eNB to the target eNB. Hence no specific actions for the HARQ layer is required, this handover is then completely transparent to the user plane. If target eNB is a narrowband radio cell, the operation with HARQ context transfer is beneficial to avoid HARQ transmissions in the target eNB, that were already successful in the source eNB.
Without any HARQ context transfer a HARQ initialisation will be necessary.

General ARQ aspects valid for all intra RAT handover alternatives if ARQ is based on SDU level, i.e. ARQ_unseg PDU::

· Only very few ARQ context information needs to be transferred to the target eNB, because there is a one to one relation of the ARQ SDU and the PDCP PDU. This would be even more beneficial, if the PDCP sequence number is reused for ARQ purpose.

General ARQ aspects valid for all intra RAT handover alternatives if ARQ is based on PDU level, i.e. ARW_seg PDU:

· The overall complexity is higher than in the case of SDU based ARQ operation. This is due to the fact that the control information necessary for reassembly is additionally needed within the ARQ layer and is thus increasing the amount of data transferred in the Forwarding between source and target eNB. Furthermore the risk of occurrence of protocol failures increases.
In general it turns out from the above lists that the ARQ operation based on SDUs has a better performance compared to the solutions of PDU based ARQ.

3. Conclusion

It is currently not verified that the reordering is obsolete. It is still to be checked if the user plane above RLC can cope with out-of-sequence user data.

It is proposed to adopt the following basic principles into the TR 25.813 [1]:

· Reordering in the PDCP layer or no reordering at all if this is verified to be feasible

· ARQ operation on SDU level

· Forwarding for the downlink of the complete ARQ buffer contents, i.e. ACKed and NACKed PDCP PDUs and corresponding ARQ context information

· No Forwarding for the uplink 

Alcatel proposes furthermore to respond to the RAN3 LS [2] accordingly.
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