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1. Introduction

It is proposed in this paper that the acknowledgement of PDUs being reported directly by MAC-hs at the Transmitter side, by mapping the feedbacked TTI ACKs into PDU ACKs,  so that the slipping window of the RLC PDU queue will move faster than the present polling approach and enable a higher delivery speed for HSDPA.  

2. TTI ACK and PDU ACK

HARQ returns an ACK or NACK message for each transmitted TTI to indicate the carried data being accepted successfully or not.  The Transmitter's MAC-hs can record how the PDUs delivered from RLC being mapped to different TTIs during the packing of PDUs into TBs. Therefore, the ACK message for a TTI can be easily translated into the acknowledgement for a PDU carried in this TTI.    

It is supposed that if a TTI is proved being transmitted successfully, then all PDU in it is successful too. If a TTI fails after an given times of re-transmissions, then MAC-hs will discard the carried PDUs and ask RLC to deliver them again.    

The existing mechanisms requires the Reciever to feedback acknowledgement on both MAC and RLC layers.  On the MAC layer is the ACK for TTI. On the RLC layer is the ACK for PDU. According to the mapping relationship between the TTI and the PDU, the two-layered acknowledgement seems duplicated. 

In another aspect, the PDU acknowledgement message on the RLC layer must pass through the Iur/Iub interfaces which cause about 100ms' delay and improve errors in the transmission. For a high speed and unsymmetrical data communication such as HSDPA, the reduction of the high level signalling is an attactive way to improve the feedback efficiency and speedup the delivery for a better transmission performance.  

An identity called TSN (Transmission Series Number) can be assigned to each TTI to solve the disorder problem of multi-channel transmission. Therefore, we note in this paper the relationship between a TTI and its carried PDUs as a TSN-PDU mapping.

3. ACK Reporting at the Transmitter Side 

This paper proposes a new approach for reporting acknowledgement of PDUs to RLC by MAC-hs at the Transmitter side. The main idea is that:

·MAC-hs in the Transmitter translates the received ACK of each TTI and translate them into the acknowledgement of the delivered PDUs, and report these PDU ACKs to the RLC;

·RLC in the Transmitter receives the reported PDU ACKs and map them into its PDU queue, so that to trigger the slipping of the transmission window. 

To implement the above idea, we suggest the following additions to the the existing structures of MAC-hs and RLC at the Transmitter side: 

·a TTI ACK List in MAC-hs

·a TSN-PDU Mapping Table in the MAC-hs

·a ACK Reporting Control Unit in the MAC-hs, and

·a PDU Delivery Order Record in the RLC

Meanwhile, the acknowledgement messagaes in the peer RLCs are no longer needed, including the message "STATUS PDU" and its related polling messages. 

Introduction of the additional entities in the above provides the following functions:

·TSN-PDU Mapping Table 

- records the mapping relationships between orderly recerived PDUs data to different TTIs, and supports the interpretation from TTI ACK to PDU ACK.  

·TTI ACK List

- caches the feedbacked ACK of TTIs and converts them into an ordered list according to the TTIs' TSN.  The mapping from continous TTI will result to the acknowledgement of continuous PDUs in the TSN-PDU table, therefore they can reported continuously to simplify the reporting signalling. Only the number of PDUs is needed to be reported instead of the actual SNs of all PDUs. Another advantage of the continuity, beside the reducing of signalling size,  is the improvement of the slipping probability per report for the RLC transmission window, since the earlier delivered PDU is more likely to be closer to the front edge of the window and thus more deterministic for a slipping possibility. 

·ACK Reporting Control Unit

- controls the whole procedure of Transmitter ACK reporting including the reception, mapping and reporting of TTI ACKs and PDU ACKs.  It also controls the generation, updating and removing operations for the related entities of Transmitter ACK reporting.

·PDU Delivery Order Record

- records the exact orders of the delivered PDUs so that they can be identified in MAC-hs by their recieved orders, without knowing their actual series numbers. In the return of PDU ACKs, the order record can map the reported PDU identities into the actual PDU SNs and locate them in the Transmission queue. With this order record, the RLC is allowed to make re-transmission and to deliver PDUs in an order irrelevant to their queue positions. At the same time, MAC-hs will temperorarily identify the received PDU by their delivery orders,  without requirement for PDU SNs from RLC.  

The saving of RLC peer mechanism for PDU acknowledgement do the following benefits:  

·shortening the path of PDU acknowledgement and speeding up the movement of transmission window

·reducing high level signallings by utilization of avaliable lower information, saving processes in the more bottlenecked high level, and

·reducing the delay and error of acknowledgement signallings on the Iur/Iub and radio interfaces    

4. Structure and Procedures 
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Figure 1  Entities and Structure for ACK reporting at Transmitter side

Four principal procedures are illustrated in the above figure:

·Caching of TTI ACKs in the TTI ACK List

- TTI ACKs received by MAC-hs will be stored in the TTI ACK List by the order of TSNs until the first TTI in the list is acknowledged. The number of continous acknowledged TTI beginning at the head of the TTI ACK List will be reported to the TSN-PDU Mapping Table.

- In the case the first TTI cannot be acknowledged in certain re-transmission times, a "1" will be reported to the TSN-PDU Mapping Table for a failure report for the first TTI.

·Mapping from TTI ACK to PDU ACK

- Ordered by the TSN of TTI as the TTI ACK List, the TSN-PDU Mapping Table sums up the PDU number in its first N elements, where N is reported from the TTI ACK List. The sum will be used by the ACK Reporting Control Unit to generate the reporting signalling.  

- Both the TTI ACK List and the TSN-PDU Mapping Table need to be updated after each report of PDU ACKs, by removing the first N elements from the list and the table, and change their head pointers to the N+1 element respectively. This is because the ACK report use a relative information in numbers instead of the actual SN of each PDU.

- In the case of a failure report, an additional check is needed in the TTI ACK because the first element, i.e. the second element before the failure report, may be acknowledged already.  Every time a completed ACK reporting ends, the updated first element in the TTI ACK List should be unacknowledged.   

·Reporting of PDU ACK to RLC

- A DCH  uplink signalling is generated by the ACK Reporting Control Unit according to the sum of PDU reported by the TSN-PDU Mapping Table. The signalling carries:

1) A one-bit "Type" flag to indicate the report is to acknowledge or to discard PDUs;

2) A octet "Number" to indicates the number of the to-be-reported PDUs.

The ACK Reporting Control Unit will preserve the latestly reported parameters in case of signalling failure at the Iub interface. 

·Acknowledgement of PDU in RLC's PDU Queue

- RLC will look for the earliest "Number" of PDUs in its Delivery Order Record, where the actual SNs of these PDUs will be discovered and reflected to the acknowledgment in the PDU Queue. Window slipping may be allowed by the consequence. 

5. Example

An example is given here for more clarification for the above procedures:

Supposing the original PDU queue in Transmitter's RLC:
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The Delivery Order Record for the in-window PDUs is:
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MAC-hs identifies the recieved PDU in the following sequence: 




( p1，p2，p3，p4，p5，p6，p7，p8 )

The encapsulation of these PDUs in different TTIs are recorded in the following mapping table:

PDU
p1、p2
p3、p4
p5、p6、p7
p8

TTI TSN
1
2
3
4

A TTI ACK List is also generated in the order of TSN. After transmission of these TTIs to the peer MAC-hs in UE,  the TTI ACK List in the Transmitter may get the replied ACKs as follows:

TTI TSN
1
2
3
4

ACK
True
True
 
True

At this moment, realizing its first element acknowledged, the TTI ACK List triggers a mapping of TTI ACK to PDU ACK, by informing the TSN-PDU Mapping Table the number of continously acknowledged TTIs at the list head, i.e. 2 in the example. 

TSN-PDU will then look up its first 2 elements and find p1, p2, p3 and p4 being acknowledged. The number of them, 4, is reported to the ACK Reporting Control Unit.

The ACK Reporting Control Unit generates a reporting signalling with parameter "Type=0 (acknowledgement)" and "Number = 4".

RLC will receive this signalling and look up its Delivery Order Record for SNs of the first 4 PDUs, i.e. PDU2, PDU3, PDU4 and PDU1 in the original queue. They will be marked as "Acknowledged" before the mechanism of window slipping is triggered.

As results, the PDU Queue in the RLC will change to: 
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The flushed Delivery Order Record will be :（5，6，7，8）, and

the updated TSN-PDU Mapping Table and the TTI ACK List will be:  

PDU
p5、p6、p7
p8

TTI TSN
3
4

and

TTI TSN
3
4

ACK

True

6. Conclusion
Direct reporting of PDU acknowledgement from the Transmitter's MAC-hs to the Transmitter's RLC has proposed in this paper,  supported by a mechanism to map the TTI ACK information to the PDU ACKs. 

Advantages of this approach include a signalling saving at the RLC layer,  a lower delay of the Transmitter delivery and less influence from the radio interfaces. In addition, the move of PDU acknowledgement function from the peer RLC to the same-side MAC-hs is good for HSDPA to reduce the UE complexity, and to attract a wider range of users to its high speed services.  
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