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1.
Introduction
At WG2 #23 in Helsinki, a general framework for the HARQ protocol for HSDPA was agreed [1]. The data fields necessary for the protocol operation where identified but the length of the various data fields where not discussed.

In this document, the content of the various data field is discussed and a proposal is made on the length of the fields. 

2.
Signaling requirements for H-ARQ

The following data fields where agreed at WG2 #23 [2]:

Type of signaling
Carried on channel
Working assumption

Downlink



HARQ process identifier
Shared Control channel
-

New data indicator
Shared control channel
-

Priority class identifier
Inband (MAC-HS)
-

Transmission sequence number
Inband (MAC-HS)
-

Uplink



status report

binary (ACK/NAK)

Table 1 The data fields associated with the HARQ protocol agreed at WG2 #23

2.1
Uplink signalling

In the uplink, a status report is used indicating either an ACK (positive acknowledgement) or a NACK (negative acknowledgement). There is no need to change this working assumption from WG2 #23. 

2.2
Downlink signalling

2.1.1
Shared control channel

-
HARQ process identifier

Every HARQ process is assigned an identifier, which is used to couple the processes in the transmitter and the receiver. The length of this field determines the maximum number of HARQ processes (or soft buffers) that can be used for one UE. If a continuous data flow to a single UE is desired, the number of HARQ processes must be equal to or larger than the round trip time (RTT) in the system on MAC-HS level. A suitable length of this field is 3 bit which allows for 8 HARQ processes, which is in the same order as the estimated RTT. A 2 bit field, leading to a maximum of 4 HARQ processes is deemed insufficient and does not allow the development of future high performance UEs.

Note: The memory requirement of the UE is determined by the UE capabilities and is independent of the length of this field. However, a large UE buffer memory can not be utilised with a to short field.

-
New data indicator

The new data indicator is used to distinguish between data blocks and it is specific to the HARQ process. It is incremented for each new data block. This field is necessary to identify when the NodeB has interrupted the transmission of a data block and started with a new data block (using the same HARQ process identifier). The transmission of a data block can be interrupted at any time due to several reasons, e.g.:

1) The transmission of a data block has been successful (the UE has responded with an ACK for the corresponding data block) and the NodeB starts with the transmission of a new data block using the same HARQ process.

2) A nack transmitted by the UE is misinterpreted to an ACK, and the NodeB starts with the transmission of a new data block using the same HARQ process.

3) The maximum number of transmissions for a data block has been reached and the NodeB decides to abort the transmission of the current data block and start transmission of a new data block.

4) High priority data is present and NodeB decides to abort /interrupt transmission of a data block with a low priority and start transmission of a data block with higher priority.

Each time the New data indicator is toggled, the UE flushes the current content in the soft buffer and replaces it with the received new data. If the new data indicator is not toggled, the UE soft combines the received data with the content currently in the soft buffer. Thus, a single bit is sufficient to distinguish between the two cases.

2.1.2
In-band signalling on HS-DSCH

-
Priority class identifier

This field is used to separate different priority classes in order to differentiate between logical channel priorities multiplexed in the same transport channel. A 3 bit field allows for 8 priority classes which is deemed sufficient. This value is also in line with the number of logical channel priorities in R99, which allows for a simple mapping between logical channel priority and priority class.

· Transmission sequence number (TSN)

This field is incremented for each new data block within a priority class and is used for reordering to support in-sequence delivery. The length of the transmission sequence number determines how many data blocks that can be stored in the UE hard memory buffer. With a round trip time equal to RTT TTIs, an erroneously received data block can be retransmitted RTT TTIs after the original transmission. Consider the case with a persistent error in the first data block TSN = 0. According to [3] only half of the sequence number range can be utilised in the receiver. Thus, the protocol will be stalled at TSN = (TSNmax/2 –1), where TSNmax is the maximum TSN.  
In this situation the transmitter can either wait for the first data block (with TSN=0) to be correctly received (i.e. the protocol is temporarily stalled) or the transmitter can transmit the data block with TSN =TSNmax/2 in which case the data block with TSN=0 will be lost.

With the above assumptions it can be calculated how many times a data block can be transmitted before a stall condition occurs. In the table below the maximum number of transmissions of a data block is summarised for some possible values for TSNmax and RTT.


RTT

TSNmax
6 TTI
8 TTI
10 TTI

32 (5bit)
3
2
1

64 (6bit)
6
4
3

128 (7bit)
12
9
7

Table 2 Maximum number of transmissions of a data block for different values of the maximum transmission sequence number TSNmax and the round trip time RTT.

A 6 bit field allows 4 transmissions of a data block when the RTT equals 8 TTI, which is deemed sufficient.

4. Conclusion

Type of signaling
Carried on channel
number of bits

Downlink



HARQ process identifier
Shared Control channel
3

New data indicator
Shared control channel
1

Priority class identifier
Inband (MAC-HS)
3

Transmission sequence number
Inband (MAC-HS)
6

Uplink



status report

"binary" (ACK/NAK)

Table 3 Proposed number of bits for the different data fields associated with the HARQ protocol.
5. Proposal

The proposal is to include Table 3 from section 4 into Section 7.1 in [1].
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