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1.  
Introduction

In RAN2 #48bis it was discussed how the link layer in LTE could be made reliable enough to reach the very low residual block error rates that is required by e.g. TCP/IP to reach high peak data rates. In this context it was discussed if a single HARQ layer would be a feasible solution or if a HARQ layer and an outer ARQ layer would be more appropriate to reach high performance. It was agreed that two layers of ARQ should be used. However no agreement was reached on the placement and functionality of the outer ARQ layer.

This contribution discusses the functionality of the HARQ and ARQ layers and proposes a functional split.
2.
HARQ and ARQ related functionality

It is not yet decided if the ARQ should be located in a central gateway or in the Node B. Therefore the following discussion is as far as possible independent of the placement of the ARQ functionality. 

In the following the main ARQ related functionality is discussed. Note that some of the discussed functionality is not explicit (H)ARQ functionality but still functionality that needs to be present in the same protocol layer as either HARQ or outer ARQ. In this discussion we refer to the "HARQ layer" and "ARQ layer" as the protocol layers where HARQ and ARQ are implemented.

Segmentation and concatenation

Segmentation is needed in cases where a payload SDU (e.g. IP packet) is too large to be transmitted in a TTI. Concatenation is needed to achieve an efficient resource usage where e.g. several small SDUs need to be transmitted in the same TTI. The segmentation and concatenation functionality is most efficiently done with knowledge of the momentary radio resources. It is therefore proposed that this functionality should be done in HARQ but not in the outer ARQ layer.

Conclusion: Segmentation and concatenation should not be done in the outer ARQ layer but is needed in the HARQ layer.

Error correction (ARQ)

Error correction, i.e. retransmissions, should be applied in both in the HARQ and in the outer ARQ layer. The role of the HARQ layer is to perform the majority of the retransmissions in a fast manner. The role of the outer ARQ layer is to provide the needed reliability which in turn requires protection of the feedback messages by means of e.g. CRC. 

Conclusion: Error correction needs to be performed by both the outer ARQ layer and the HARQ layer. 

Ciphering

As recommended by SA3 the ciphering should be performed in a node above the Node B which implies that ciphering should be placed in a protocol layer above HARQ. Depending on the outcome of the architecture discussion, this leaves two choices. Either ciphering is done in the outer ARQ layer (if the outer ARQ layer is located in a central gateway) or the ciphering is done in a protocol layer above the outer ARQ (if the outer ARQ is located in the Node B). Ciphering should if possible reuse the sequence numbers used by the outer ARQ layer for efficiency reasons.

Conclusion: Ciphering should not be placed in the HARQ layer. Depending on the outcome of the architecture discussion ciphering may be located in the ARQ layer or above the ARQ layer (FFS).

SDU discard

In Rel-6 RLC there is a possibility to discard SDUs that are subject to long delays or large number of retransmissions. It is not clear if this functionality is needed in LTE. With the low round trip times that are expected in LTE it may be feasible to always perform persistent retransmissions in HARQ. If an SDU discard functionality is needed it should probably be simpler than the current RLC SDU discard functionality and preferable not use explicit signalling. If SDU discard is used, the outer ARQ layer must be involved since ARQ will retransmit any data that is discarded by the HARQ layer. 

Conclusion: It is FFS if SDU discard is needed. If used, the outer ARQ layer must be involved (and potentially HARQ).

Padding

Padding is obviously an undesired bi-effect of an ARQ protocol and should be avoided as far as possible. There is no reason to have padding in the outer ARQ layer since the PDU size can be fitted exactly to the incoming SDU size. Padding in HARQ is undesired, but may be necessary, depending on with which granularity it is feasible to indicate the transport block size on the physical layer.

Conclusion: Padding should not be performed in the outer ARQ layer. It is FFS if padding is needed in the HARQ layer.

Duplicate detection

Duplicate detection is a natural property of any ARQ protocol and it is reasonable to assume that this functionality is present in both the outer loop ARQ layer and in the HARQ layer.

Conclusion: Duplicate detection should be performed both in the HARQ layer and in the outer ARQ layer.

Flow control

With the high peak data rates targeted for LTE it is likely that a Uu flow control functionality is needed that allows a UE to halt the transmission or reduce the transmission rates in cases where the UE can not process the incoming data. At this point it is premature to decide in which protocol layer the functionality should be implemented.

Conclusion: Flow control is probably needed but it is FFS in which protocol layer it should be placed.

In-sequence delivery of upper layer PDUs

In-sequence delivery of data to higher layers should be provided. Ultimately it must be the responsibility of the outer ARQ layer to deliver data in-sequence to higher layers since retransmissions done by the outer ARQ (in case of HARQ failure) must be provided in-sequence, which is not possible to achieve in the HARQ layer. Based on the design of the protocols it may be required to have some reordering functionality also in the HARQ layer.

Conclusion: Support for in-sequence delivery is needed at least in the outer ARQ layer and potentially (FFS) also in the HARQ layer.
4.
Discussion and Conclusion

The conclusions from the discussion above is summarised in the table below.

	Functions
	HARQ
	ARQ
	Comment

	Segmentation and concatenation
	Yes
	No
	

	Error correction
	Yes
	Yes
	

	Ciphering
	No
	FFS
	Depending on arch. Discussion

	SDU discard
	FFS
	Need is unclear

	Padding
	FFS
	No
	

	Duplicate detection
	Yes
	Yes
	

	Flow Control
	Yes
	FFS in which layer

	In-sequence delivery
	FFS
	Yes
	


Table 1 Summary of the placement of ARQ related functionality

It is proposed that RAN2 discuss which ARQ related functionality that is needed in LTE. Any consensus from the discussion is proposed to be captured in the LTE TR 25.813.
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