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1. Introduction

This contribution discusses delivery notification/confirmation services for the MAC and RLC layers, and proposes to clarify current RAN2 understandings and agreements by formally adding “SDU delivery notification” to the list of services provided by the MAC and the RLC layers in TS 36.321 [6] and TS 36.322 [7].
2. Background

2.1. Delivery confirmation services in UTRAN

RLC delivery confirmation services are currently supported in UTRAN [1]:

In UTRAN, an RLC AM entity utilizes ARQ acknowledgements (STATUS reports) to notify the upper layers of the successful delivery of an RLC SDU. For example, the primitive “RLC-AM-DATA-Conf is used by the AM RLC entity to confirm to upper layers the reception of an RLC SDU by the peer-RLC AM entity or to inform the upper layers of a discarded SDU” [1]. 
On the other hand, in RLC UM (and similarly in TM), the primitive “RLC-UM-DATA-Conf is used by the UM RLC entity to inform the upper layers of a discarded SDU” [1]. Since in RLC UM/TM, discarding is not based on transmission status acknowledgements but instead timer-based, RLC-UM-DATA-Conf does not convey whether an RLC SDU was successfully delivered or not.
2.2. HARQ-assisted ARQ in LTE
In LTE, HARQ-assisted ARQ operation has been agreed and described in [2]: 
“In HARQ assisted ARQ operation, ARQ uses knowledge obtained from the HARQ about the transmission/reception status of a TB e.g.:

- If the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit is reached the relevant transmitting ARQ entities are notified and potential retransmissions and re-segmentation can be initiated.”
2.3. HARQ-assisted data forwarding during handover
An additional potential application for HARQ assistance is data handling during handover, as mentioned in [3]: “Both RLC status info and HARQ status info are used in determining PDCP SDUs to be forwarded and transmitted”. And as mentioned in [5]: “For services for which an interruption of one RLC RTT is believed to be detrimental, the forwarding should rely on HARQ state alone. Bearers that have very stringent requirements on losses or duplicates need an updated status report prior to the handover. The present solution includes a toolbox for implementing both.”
3. Discussion
3.1. MAC delivery notification services
Since the MAC layer may notify the RLC/ARQ of failed delivery (i.e. HARQ-assisted ARQ), we propose clarifying the MAC services by formally adding “MAC SDU delivery notification/confirmation service” to the list of services provided by the MAC layer in the text of TS 36.321 [6].
3.2. RLC delivery notification services
The RLC AM delivery notification service can remain ARQ-based as in UTRAN, or may be augmented to incorporate HARQ-assisted information (e.g. see section 2.2 & 2.3 above).

In addition to its applications in RLC AM mode, HARQ assistance can be used to support RLC SDU delivery confirmation services in RLC UM or TM modes.
Delivery notification/confirmation services from the RLC (UM/TM/AM) to upper-layers (e.g. PDCP or RRC) can enable a variety of applications and performance optimizations; for example: 
1) Faster retransmission of RRC and signalling messages instead of having to wait for RRC level timers to expire, allowing for faster recovery.

2) Supporting data forwarding during handover potentially for any type of services (AM/TM/UM), thereby avoiding data loss during handover. 
3) Increased efficiency/robustness for header compression / ROHC operation by utilizing RLC notifications to transition between efficient vs. robust ROHC states, as explained in the ROHC RFC [4]: 
“Decisions about transitions between the various compression states are taken by the compressor on the basis of: ……..
      - positive feedback from decompressor (Acknowledgments -- ACKs)

      - negative feedback from decompressor (Negative ACKs -- NACKs) ……..

It is anticipated that feedback to the compressor can be realized in many ways, depending on the properties of the particular lower layer….. For example, feedback might be realized using 1) lower-layer specific mechanisms……”
Due to such potential applications/advantages, we propose formally adding “RLC SDU delivery notification/confirmation service” to the list of services provided by the RLC layer in the text of TS 36.322 [7].
4. Conclusion 
The LTE architecture should maintain UTRAN’s existing delivery notification/confirmation services and augment them with HARQ assistance. It is proposed that TS 36.321 [6] and TS 36.322 [7] formally captures “SDU delivery notification/confirmation service” as part of the services provided by the MAC and RLC layers, as shown in the following text proposal.
5. Text Proposals 

5.1. MAC Text Proposal

It is proposed to capture the following text proposal in TS 36.321 [6], in Section 4.3.1 titled “Services provided to upper layers”: 
--- Start of MAC Text Proposal ---

4.3  Services

4.3.1
Services provided to upper layers

This clause describes the different services provided by MAC sub layer to upper layers.
-
Data transfer

-
Radio resource allocation

-    
SDU delivery notification/confirmation: 

- Based on HARQ acknowledgement status 

4.3.2
Services expected from physical layer

The physical layer provides the following services to MAC:

· data transfer services;

· signalling of HARQ feedback;

· signalling of Scheduling Request;

· measurements (e.g. Channel Quality Indication (CQI)).

--- End of MAC Text Proposal ---

5.2. RLC Text Proposal

It is proposed to capture the following text proposal in and TS 36.322 [7], in Section 4.3.1 titled “Services provided to upper layers”: 
--- Start of RLC Text Proposal ---
4.3 Services

4.3.1
Services provided to upper layers

The following services are provided by RLC to upper layers:

· TM data transfer;

· UM data transfer;

· AM data transfer.

- 
SDU delivery notification/confirmation: 

- For UM or TM, based on HARQ acknowledgement status (i.e. HARQ-assisted) 
- For AM, based on ARQ acknowledgement status (i.e. ARQ-based) and/or HARQ acknowledgement status (i.e. HARQ-assisted)
4.3.2
Services provided from lower layers

The following services are expected by RLC from lower layers (i.e. MAC):

· Data transfer;

· Notification of a transmission opportunity, together with the selected TB size;

· Notification of HARQ delivery failure from the transmitting MAC entity.

--- End of RLC Text Proposal ---
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