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1 Introduction
During RAN2#55 meeting in Seoul, several contributions were proposed for "Layer 2 enhancements" and the introduction of "Flexible RLC PDU sizes and MAC-hs segmentation". The summary of these discussions can be found in [1].
In this document it is proposed to detail the possible implementation of such enhancements with a new ARQ sub-layer located in the node B.

2 Assumptions

Following the discussions in RAN2#55 and the summary done in [1], the following assumptions are used :
1. RLC: The RLC AM protocol is evolved into supporting flexible PDU sizes
· A maximum RLC PDU size still need to be defined. 

· All sizes, octet aligned, up to the maximum RLC PDU size are allowed. It could be aligned with the RLC SDU size.

2. MAC: The Assumption given during RAN2#55 was that the MAC-hs protocol is evolved into supporting RLC PDU segmentation. As a new ARQ sub-layer is proposed to be defined in the Node B with a close interaction with Mac-hs, it is proposed to have the assumption that the ARQ sub-layer is supporting RLC PDU segmentation.
Even though one of the assumption is to support flexible PDU size with large RLC PDUs, there is a need to configure a Maximum_RLC_PDU_Size. Otherwise if RLC_PDU are to large it may impact some of the processing functions in the UTRAN and/or the UE. Also for this reason the segmentation in RLC should still be possible.

3 Justification of the introduction of a new ARQ layer

In HSPA Evolution with the introduction of MIMO, there is possibility to increase the DL data rata to a theoretical value of 28Mbps (even more if higher modulation are introduced). On a 2ms TTI, RLC AM, with RLC PDU of 656 bits ( alternatively 336 bits) this high data rate would mean a transmission of up to 85 RLC PDU of 656 bits / 2ms TTI (alternatively 166 RLC PDU of 336 bits / 2ms TTI). The use of such high bit rate is implying :
· a lot of overhead with the 16 bits RLC header : 85 * 16 = 1360 bits of overhead per 2ms TTI

· a difficult trade off in RLC parameters to reduce overhead, keep a good re-activity for RLC re-transmissions and transmission of RLC status.

· a lot of memory and large RLC windows to be able to buffer the RLC PDU with a quite long RTT on RLC.
These drawbacks are adding up to some RLC limitations that are already existing :

· use of padding at RLC level

· slow re-transmission process at RNC level

The evolution to flexible RLC PDU size is enabling :

· a reduction of the usage of padding in RLC

· a reduction of the RLC header overhead

· a flexible usage of RLC size depending on incoming traffic

but at the same time, larger RLC PDUs is increasing the RLC RTT.

The evolution proposed here with a new ARQ sub-layer in the NodeB aims at :

· a better interaction between the segmentation function and the Mac-hs in order to improve the ARQ PDU size depending of physical resources available and reduce padding again.
· reduction of the delay for ARQ operation
· reduction of RLC buffer size required
· reduction of the number of RLC status in UL that often requires padding and use of ARQ status without padding.

while keeping compatibility for legacy UEs and keeping RLC in the RNC for the inter-NodeB mobility.

The new ARQ sub-layer should be transparent for legacy UEs.

4 Functions of the ARQ sub-layer
The new ARQ sub-layer is located in the node B with Mac-hs and shall provide the following services :

· Segmentation functions :

· Segmentation of RLC PDUs into ARQ PDUs shall be optimized relative to the HS-DSCH block size available at the physical layer depending on the scheduler allocation.

· Segmentation layer shall provide a header with a ARQ-SN in order to allow re-ordering and concatenation in the UE. Length and structure of the ARQ-SN is FFS. The need of ARQ PDU size indicator is FFS as Mac-hs header may not be able to cope with the variable sizes. The overhead should be minimized for small RLC PDU that do not need segmentation.
· The possibility to perform a 2nd segmentation of retransmitted ARQ PDU is FFS.

· Buffering functions in the Node B:

· In the Node B, buffering of the ARQ PDU shall be done. A Time based window mechanism could be implemented in order to limit the size of the buffer.

· Buffering and re-ordering functions in the UE:

· In the UE, ARQ PDUs need to be re-ordered.
· Reordered ARQ PDUs shall be concatenated into RLC PDUs.
· Complete RLC PDUs shall be delivered to higher layers. Corresponding ARQ PDUs can be flushed from the UE buffer at this time.

· Time based window mechanism could be implemented in order to limit the size of the buffer in case the Node B discarded some ARQ PDUs.

· ARQ status and retransmission functions :

· Nack reporting : Allow reporting from the UE to the Node B of one or more missing ARQ-SN. Triggers for this reporting can be based on Harq Failure detection. Other triggers are FFS ( delay, number of retransmissions…). 
· Ack reporting : Allow reporting from the UE to the Node B of a ARQ ACK status with a ARQ-SN for which all previous ARQ PDU have been received successfully. This reporting is rather important to reduce the ARQ RTT and allow the NodeB to flush the corresponding SDU from its buffer. 
· Allow the scheduler in the Node B to schedule a re-transmission of data from a specific ARQ-SN requested by the UE.
Proposal for ARQ status reporting is detailed in section 5 of this document.

· Node B ARQ to RNC RLC status reporting :

· Upon receiving ARQ ACK from the UE, the ARQ sub-layer in the Node B could relay an RLC acknowledgement to the RLC layer in the RNC to allow the corresponding RLC PDUs to be flushed from RLC buffer in the RNC. Another benefit of this function is to allow the reduction of RLC acknowledgement sent by the UE and take advantage of the ARQ status that do not require padding.

5 UE reporting in ARQ sub layer

In order to optimize the delay in the ARQ sub-layer a UE reporting shall be used to inform the Node B of Arq-SN to be re-transmitted and ARQ status of correctly received ARQ PDU. The recovery of HARQ errors like Ack/Nack mi-interpretation in the NodeB Mac-hs layer could be much quicker with a UE ARQ status reporting.
Several options are foreseen for this reporting :

1. Use physical channel like HS-DPCCH by adding information for ARQ sub-layer

2. Use a signaling mechanism similar to the UL Scheduling Information on E-DCH.

Option 1 would required a change in the HS-DPCCH structure. In order to minimize the impact on the current physical channel, option 2 is preferred.
For option 2 the structure of the UL signaling on E-DCH could be enhanced in order to define several types of UL signaling messages for Layer 2. A new signaling message "ARQ status" would need to be created along with the currently existing "UL Scheduling Information". The new block size need to be added for E-DCH to support the transmission of 
· Either UL Scheduling information alone (already exists)

· Or ARQ status alone

· Or both UL Scheduling information and ARQ status alone.

Proposal for the content of the ARQ Status signaling message :

· Signaling message type : ARQ Status
(may not be needed)
· ARQ status type : ACK / NACK

· ARQ-SN for the status : single ARQ-SN 

6 ARQ and RLC operation in macro-diversity and serving Node B change.
In case of intra-NodeB macro diversity the ARQ sub layer will benefit from the UL macro-diversity combining for the reception of the ARQ status in UL. On the other hand the ARQ operation does not benefit of the Inter-NodeB macro diversity like RLC does.

In case of serving Node B change, the ARQ layer of the new serving Node B can benefit from the up to date RLC buffer in the RNC. Upon change of serving Node B, all RLC PDU of the DL RLC buffer in the RNC shall be sent to the ARQ sub layer of the new serving Node B. This may lead to the re-transmission of some data already sent to the UE on the previous serving cell ( ARQ PDU but partial RLC PDU) but overall it shall increase the reliability and the delay on the user plane on serving Node-B change by not having to wait on RLC status to re-transmit missing RLC PDU.

7 Conclusion

In this contribution we proposed a more detailed analysis of the requirements and benefits of a new ARQ sub-layer for HSPA evolution. We propose this contribution to be the based of a discussion to agree on the concept and include this description in the HSPA Evolution TR.
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