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In order to reduce the signaling overhead it is important to find bit-efficient ways of signaling while maintaining performance and flexibility. In this contribution we propose a method to do efficient downlink signaling of multi-code allocation in high speed downlink packet access.

1 Introduction

For high speed downlink packet access (HSDPA) the Node B needs to signal to the UE exactly how many multi-codes have been allocated and at which offset the set of codes begin (all defined at spreading factor 16 level). The current working assumption is that only clusters of consecutive codes are allocated to one user at a time. This is illustrated in Figure 1. The number of multi-codes currently allocated is denoted by m and the code offset is denoted by .
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Figure 1  - Example code allocation to HSDPA with m codes located at code-offset .
In general, up to 15 multi-codes will be supported by the most capable UEs and for the single-code case there is up to 15 different code offsets possible since a single code (offset 0) is reserved to the common channels P-CPICH/P-CCPCH [4]. In [5] it has been decided as working assumption that 7 bits are available for representing the possible multi-code representations. In this contribution, we suggest a method that has the following advantages:

· It uses 7 bits but still allows full flexibility in terms of code allocation and code offsets. This way, we ensure high spectral efficiency potential as well as high RRM flexibility (QoS, code/time multiplexing) for HSDPA.

· It is an absolute approach that gives direct signaling of number of multi-codes and code offset.

· The method is on-the-fly self-decodable at the UE side, thereby alleviating the need for lookup tables.

· The signaling is consistent and avoids the use of conditioned signaling (e.g. signaling only possible code offsets).

It has been proposed in [6] to have dynamic transport format and resource indicator (TFRI) configurations and even UE-specific TFRI configurations (e.g. dependent on capability). The presented method can be expanded to other cases than the full-15-code situation as well still maintaing encoding efficiency.

2 Multi-code representation

The method is based on clustering of multi-codes which in total has a number of possible offset combinations of 15. In this sense, the 1 multi-code and 15 multi-code situations are grouped together as one, the 2 multi-code situation is grouped with the 14 multi-code operation, and so forth. This way, a total of 8 groups are formed (1/15, 2/14, 3/13, 4/12, 5/11, 6/10, 7/9, and 8/8) which can be represented by 3-bit signaling. The next issue is then to identify which of the two code situations is active and what is the exact code offset. This aspect is achieved by utilizing that the total number of code-offsets is 16 for each cluster allowing a 4-bit representation. One possible encoding algorithm can be described as follows:

Codeword needed to signal m multi-codes with code-offset :

Three first bits: 
CW1
= min(m,16-m)-1

(Code group indicator)

Four last bits: 
CW2
= |-1-(m>7)*15|

(Tree offset indicator)

Where (m>7) is either 1 or 0 depending on whether the condition is fulfilled or not – true is denoted by 1 and visa versa. As an example, the codeword needed to signal 12 multi-codes with code-offset 2 is:

CW1
= min(12,4)-1 = 3 = '011'

CW2
= |2-1-(12>7)*15| = 14 = '1110' 

Such that the total codeword becomes '0111110'. The total encoding matrix for all possible combinations is given in 
Figure 2
.
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Figure 2 - Total encoding matrix for signaling multi-code allocation in HSDPA.
One advantage of the method, is that the decoding can be done by a very simple algorithm at the UE:

Extraction of number of multi-codes (m) and code-offset () from 7-bit codeword (CW1+CW2):

m
= |CW1+1-(CW2  (15-CW1))*16|

 
= |CW2+1-(m 8)*17| 

For the example shown above we have

m
= |3+1-(14 12)*16| = 12


= |14+1-(12 7)*17| = 2

Which are the signaled values. In traditional computer pseudo language, the encoding and decoding algorithms can be represented as:

Encoding:

if(m<8)

BEGIN 

CW1=m-1 

CW2=-1 

END

else 

BEGIN 

CW1=15-m 

CW2=16- 

END

Decoding:

m = CW1+1

 = CW2+1

if( > 16-m)

BEGIN

 = 16-CW2

    
m = 16-(CW1+1)

END

3 Recommendation for standardisation

Based on the findings presented in this document, we make the following recommendations for further HSDPA standardization work:

· It is recommended that full multi-code flexibility be maintained such that high HS-DSCH spectral efficiency and RRM flexibility are retained.

· Compared to standard 8-bit, 7-bit mapping table approaches, or conditioned signaling, it is recommended to use the proposed 7-bit self-decodable and consistent method for HSDPA multi-code signaling. 
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