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1. Introduction

During the HSDPA Adhoc in Sophia Antipolis several contributions [1], [2] addressed the issue how to efficiently encode the resource signalling i.e. the portion of the code tree assigned to a UE and transmitted as part of the HS-SCCH information. In order to optimise the HS-SCCH decoding performance, this information should be encoded as efficiently as possible, i.e. be encoded into as few bits as possible. Compared to an explicit signalling of starting code and number of codes which would require 8 bit, both contributions [1], [2] presented an encoding scheme that can encode the same information in only 7 bit. In [1] an other coding scheme was presented which is in general even more efficient, however it only managed to reduce the number of bits for the case of 14 codes but it did still need 7 bit for a code allocation of 15 codes as has already been agreed for HSDPA and therefore did not offer an advantage for UMTS. Therefore it was eventually concluded to use 7 bits with 15 codes for the resource signalling, as captured in [3]. 

In this contribution we show that the scheme presented by Motorola [1] can be slightly modified in a way that allows to also encode all possible assignments for 15 codes into only 6 bits. This is achieved by a simple change of the code allocation strategy; The second largest allocation is not placed on the lowest code number but onto the highest one. In this way positions both at the lower and higher code numbers are blocked for subsequent code assignments thus reducing the number of possible assignments without compromising the flexibility of MAC to select code distributions for all the users scheduled within a TTI.

2. Code Assignments according to the Motorola proposal

For the sake of clarity, and because the present proposal builds on several aspects of the Motorola proposal, the key principles of the latter proposal are cited in this section (modified for 15 codes and correcting a typo in the sum-formula). The proposed modifications will then be presented in the next section. We also maintain the nomenclature from Motorola and express a code assignment as an ordered pair [starting code, number of codes]. For purposes of discussion, assume the code resource is numbered 1 to 15 corresponding to the (up to) 15 codes allocated for HSDPA .

· It is clear that not all the combinations of 15 starting code positions and code allocations are useful in practice. For example, a code assignment of [1,15] is valid, however, [5,15] is erroneous. In general, when N codes are provisioned for HS-DSCH use, then only N(N+1)/2 possible combinations are practical. For 15 codes there are therefore 120 valid combinations.  These 120 code assignments could be signalled with 7 bits without imposing any restrictions on what can be signalled.

· The order of the code distribution is irrelevant.  A code distribution may be mapped to a set of code assignments. As each code assignment is communicated on a dedicated resource, any permutation in the code distribution among UEs may be matched by an equivalent permutation in the set of code assignments.

· Only one mapping of the code distribution onto the OVSF tree is necessary.  For example, the code distribution of (5,4,3,2) might be mapped via the code assignment set of  ([1,5],[6,4],[10,3],[13,2]).  Alternatively, the code distribution may also be mapped in reverse order as ([1,2],[3,3],[6,4],[10,5]) or in just any order. It is unnecessary to support more than one code assignment set.

· A simple convention for expressing a unique code distribution is by ordering the code allocations from largest (in code numbers allocated) to smallest.

· A convenient method for mapping a code distribution onto the OVSF tree is by mapping the larger allocations onto the lower codes indices. [...]

3. Code Assignments according to this proposal

With the Motorola proposal it is possible to reduce the number of necessary code assignments from 120 down to 71, unfortunately 7 bits are still necessary. Some assignments could be excluded by using the convention to map the largest allocation (say of length m) so that it starts at code number 1. In this way an other assignment cannot start anywhere between code number 1 and m and consequently such assignments don’t have to be taken into account for the coding: A code assignment of m codes can either start at the first position, or anywhere between position m+1 and the last possible position N-m+1, provided that m+1 >= N-m+1, otherwise only the first allocation is possible. 

Motorola proceeds by mapping the next largest allocation to the next lowest available code number. While this is a pragmatic mapping rule, it can be observed that this convention and as well the mapping conventions for the following assignments do not help to reduce the number of assignments any further. They do in fact reduce the number of unique code allocations, but this number anyhow does not need to be signalled to the UEs on the HS-DSCH, only the individual assignments need to be signalled to individual UEs. 

However it is possible to squeeze the allocations into 6 bits also for 15 codes, if a slightly different restriction on the mapping of the second allocation is imposed: The largest allocation is still mapped to code index 1, but the second largest allocation is mapped on the highest unassigned code index (taking into account of course the length of the assignment). Subsequent allocations i.e. the third-largest and smaller ones can then be mapped either in increasing order (if a completely determined mapping rule is desired) or also completely unrestricted on the remaining codes.

The proposed allocation strategy reduces the number of code allocations even further:

A code assignment of m codes can either start at the first position, or  at the last possible position or anywhere between position m+1 and position N-2m+1, provided that m <= N-2m+1, otherwise only the first and last position is possible. This property can be assured due to the code allocation rule: An assignment of m codes will either be:

· the largest assignment, then it will be mapped to the first position,

· or the second largest assignment, then it will be mapped to the last possible position i.e. position N-m+1

· or it may be the third largest assignment or even a later (smaller) one. In this case, there will have been two other assignments that have at least length m and they will have been mapped at the first and last position respectively. In those positions these previous assignments block at least the codes 1 to m and N-m+1 to N respectively. These previous assignments will block exactly those mentioned positions, if they are also of length m, if they are larger they will block even further positions (but this cannot be exploited because the code allocation rules must cover all possible cases). Therefore the third and subsequent assignments can only be positioned (start at) between position m+1 and N-2m+1.

Observing these facts we can note that when using these two mapping rules, there are only the following number of possible positions for a code assignment of length m:

· If  N >= m > N/2  there is only one possibility i.e. the very first position.

· If  N/2 >= m > N/3  there are exactly two possibilities i.e. the very first position and the very last position.

· otherwise, (if N/3 >= m), there are the two possibilities at the two ends and on top there are the possibilities in the middle on positions m+1 to N-2m+1, i.e. N-2m+1-(m+1)+1 = N-3m+1 positions. Together with the possibilities at both ends this gives the total number of positions in this case as N-3m+3.

The total number of code allocations for codes of length 1 up to N is therefore the sum for the individual lengths.

For N=15 as was agreed for UMTS HSDPA the figures as presented in the following table 1 apply:

m
Number of assignments for this proposal
Possible starting points for this proposal
Starting points considered additionally by Motorola.

15
1
1


14
1
1


13
1
1


12
1
1


11
1
1


10
1
1


9
1
1


8
1
1


7
2
1 9
8

6
2
1 10
7 8 9

5
3
1 6 11
7 8 9 10 

4
6
1 5 6 7 8 12
9 10 11

3
9
1 4 5 6 7 8 9 10 13
11 12 

2
12
1 3 4 5 6 7 8 9 10 11 12 14
13

1
15
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15







Sum
57

14 + 57 = 71

Bits needed for signalling
6 bit

7 bit

Table 1

As can be seen, there are only 57 necessary assignments, i.e. coding in 6 bit is possible (in contrast to the Motorola proposal which required 7 bit).

Basically the present proposal is superior to the original proposal by Motorola because the strategy to block positions towards an end of the code tree is exploited only for one end (the lower positions) in the Motorola proposal while it is exploited for both ends in this proposal.

4. Code Assignments for less than 15 HS-DPCCH codes

N
m
Sum
Bits


15
14
13
12
11
10
9
8
7
6
5
4
3
2
1



15
1
1
1
1
1
1
1
1
2
2
3
6
9
12
15
57
6

14

1
1
1
1
1
1
1
2
2
2
5
8
11
14
51
6

13


1
1
1
1
1
1
1
2
2
4
7
10
13
45
6

12



1
1
1
1
1
1
2
2
3
6
9
12
40
6

11




1
1
1
1
1
1
2
2
5
8
11
34
6

10





1
1
1
1
1
2
2
4
7
10
30
5
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1
1
1
1
1
2
3
6
9
25
5

8







1
1
1
1
2
2
5
8
21
5

7
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1
1
1
2
4
7
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5
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1
1
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4
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1
1
1
2
5
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4











1
1
2
4
8
3

3












1
1
3
5
3

2













1
2
3
2

1














1
1
0

Table 2

If less than 15 codes are assigned for HS-DPCCH, then the number of possible assignments will be reduced accordingly as shown in table 2. The table shows the number of possible mappings of an assignment of length m given a total of N codes. The last two columns show the total number of assignments for a given N and the number of bits necessary to code them.

As has already been outlined in [4], it is beneficial to adapt the coding rate of the HS-SCCH in case less than the maximum number of bits are required because less than the maximum configuration is selected for Node B and/or UE and therefore less than the maximum number of bits are needed for encoding the necessary information on the HS-SCCH.

However, this proposal requires to share the information about the number of codes allocated for HSDPA between UE and Node B. If this is not felt desirable, then as an alternative a superset of assignments for different N can be selected for signalling to give full flexibility for some N and slightly reduced flexibility for some other N. An other way would be not to exclude all the assignments from the Motorola proposal indicated to be  unnecessary for N=15 in Table 1 but to maintain as many of them as fit into a 6 bit coding (i.e. 7 of 14) in order to achieve a pragmatic compromise between resource allocation flexibility and coding efficiency. Such an approach seems also to be implied in [5]. 

5. Conclusion

In this contribution an enhancement for the code assignment and mapping rule presented by Motorola in Sophia Antipolis [1] is presented. By only introducing a small variation of  Motorola’s mapping rules, it is possible to reduce the number of bits needed for signalling the code assignment from 7 bit down to 6 bit for the case that 15 codes are allocated for HS-DPDC in total. This reduction will enhance both the decoding performance of the HS-DSCH and will also lower the probability that a CRC check of a given length will fail to detect an erroneously decoded HS-SCCH block. 

It is proposed to take the presented set of code assignments into account for signalling in the code assignment field.
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