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Introduction

In this paper we consider the possible future enhancement of HSDPA (i.e. beyond Release 5). Specifically we look at the ACK/NACK signalling implied by the reception by a single UE of multiple data streams within the same TTI. 

This requirement could arise from supporting multiple simultaneous transport channels. The transport channels might have different QoS (e.g. a real-time streaming service at the same time as a file transfer to the UE). In this case the target packet error rates for the two cases might be different. However, for maximum flexibility in scheduling, and to minimise latency, it would be desirable to allow packets from such different transport channels to arrive at the UE within the same TTI.

Another example is the possibility of independent rate control for each antenna in a MIMO system, as proposed in [1]

With both these possibilities the packet errors in one data stream would be somewhat uncorrelated with those in the other(s). Therefore there would be a benefit if the UE could send more than one ACK/NACK in the same TTI (e.g. one ACK/NACK per data stream).

Note that the main reason for the current working assumption of providing only one ACK/NACK per TTI appears to be the assumption that multiple transport blocks would normally be either all correct or all erroneous.

Discussion

Given the above discussion, it seems worthwhile to try and ensure that whatever scheme is adopted for ACK/NACK signalling in HSDPA Release 5, it would be capable of straightforward extension to support multiple simultaneous ACK/NACK’s in a later release. 

The current working assumption in [2] is for a 1-bit ACK/NACK, extended into a 10 bit field by repetition. The field is DTX’d when there is no signalling information to be sent. If more than one data stream is supported the one bit would be sent per data stream. Each possible combination of bits would be mapped to a code word. (currently 10 bits). Such a mapping would also need to take into account the possibility that there might be no information to be sent for one or more of the data streams.

We now consider the case of a 2-bit AC/NACK (supporting two data streams, identified as two transport channels). The possible signalling combinations, including the “no data” case, are indicated in Table1, together with an example of a possible codeword assignment.


Transport Channel 1


ACK
NACK
NOTHING

Transport Channel 2
ACK
A
B
B


NACK
C
D
D


NOTHING
C
D
DTX

Table 1: Example of code word assignment for ACK/NACK with 2 transport channels

A possible codeword mapping is given in Table 2.

Codeword
Codeword Contents

A
0000000000

B
0000011111

C
1111100000

D
1111111111

Table 2: Example of code word mapping

Note that this mapping is consistent with the current working assumption of a one bit ACK/NACK, where only codewords A and D are used.

The general principle can be extended to more bits if needed. However, the transmission power would need to be increased approximately in proportion to the number of bits, in order to maintain the reliability of the signalling.

Thus we can derive a mapping for the case of 3 data streams. An example, generated by repetition coding, is shown in Table 3. Codewords A and H correspond to the “all ACK” and “all NACK” cases respectively.

Codeword
Codeword Contents

A
0000000000

B
1001001001

C
0010010010

D
1011011011

E
0100100100

F
1101101101

G
0110110110

H
1111111111

Table 3: Example of code word mapping for 3 data streams

Another mapping with improved distance properties is shown in Table 4 

Codeword
Codeword Contents

A
0000000000

B
1111000000

C
0011110000

D
0000111100

E
0000001111

F
1100000011

G
1100110000

H
1111111111

Table 4: Example of code word mapping for 3 data streams, with improved distance properties

Conclusion

This paper has shown that the working assumption for HSDPA of 1 bit ACK/NACK transmitted in a 10 bit field can extended to at least 3 bits in a backward compatible way. Thus in future releases it should be possible to provide signalling to support multiple ACK/NACK’s from one UE in the same TTI. 

This conclusion generally supports the arguments for the current working assumptions in this area. However, one issue which may require further investigation is the uplink power requirement for sending multiple ACK/NACK bits. 
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Text Proposal

Tot capture the conclusion reached here, it is proposed that the following sentence is added to section 9.2.2 in TR 25.858.

9.2.2  Detailed Structure

The channel quality indicator is coded and transmitted over two slots.  The acknowledgement bit is repetition coded to 10 bits and transmitted in one slot.  The format for the additional DPCCH is shown in Figure 1.  It may be noted that the channel quality indicator field is DTX’ed when there is no channel-quality information being sent on the uplink.  Also, the transmission of the H-ARQ acknowledgement field is DTX’ed when there is no ACK/NACK information being sent on the uplink. 
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Figure 1.  Format for additional DPCCH for HS-DSCH related uplink signalling

For TDD, the structure is TBD.
The uplink signalling structure for FDD could be adapted to support an n-bit ACK/NACK in a later release of the specification by replacing the bit repetition shown in Figure 6 by a suitable channel coder.
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