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1. Introduction
In this contribution, we propose solutions for two of the outstanding issues w.r.t inclusion of 64QAM in HSDPA – a) HS-SCCH design to accommodate the 64QAM, b) CQI tables for the new 64QAM Capability Classes 13 and 14 that were proposed in [4].
2. HS-SCCH Design Options

In the RAN1#47 bis meeting, the following framework for HS-SCCH design was agreed in [1] as a way-forward.

· When 64QAM is not configured, the HS-SCCH format remains as in Rel-5/6:

	Modulation scheme information

QPSK/QAM
	Code Set Info


	Used modulation

	0
	7 bits (as in Rel-5)
	QPSK

	1
	7 bits (as in Rel-5)
	16QAM


· When 64QAM is configured, HS-SCCH Part 1 contains 8 bits partitioned as:

	Modulation scheme information

QPSK/QAM
	Code Set Info


	Used modulation

	0
	7 bits (as in Rel-5)
	QPSK

	10
	6 bits
	16QAM

	11
	6 bits
	64QAM


When QAM is signalled, the 6 bits for CCS are interpreted as follows:

1. When the “number” of the HS-SCCH is even, the CCS value is given in Table A.
2. When the “number” of the HS-SCCH is odd, the CCS value is given in Table B.
Although examples are given in [1], the agreement is that Tables A and B can be further optimized by participating companies. In this contribution, we propose a simple and intuitive design. The design is optimal for the case where the code allocation opportunities are uniformly distributed over the space of possible code resource – 15 codes of SF16.  
We also propose an additional design (that departs slightly from the agreed way forward but offers worthwhile benefits) that tries to achieve even distribution of the possible Code Offset Indicator, Code Group Indicator and Modulation Specifier (COI/CGI/MS) combinations over all three modulations.
We use a graphical representation of Channelization Code Set (CCS) combinations that provides an intuitive presentation.
2.1. Design 1

2.1.1. Design Details
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Group 

Indic.

(3  bits)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

13 13 13 3 3 3 3 3 3 3 3 3 3 3 3 3

2

12 12 12 12 4 4 4 4 4 4 4 4 4 4 4 4

3

1 2 3 4 5 6 7 8 - - - - - - - -

8 8 8 8 8 8 8 8 - - - - - - - -

7

1 2 3 4 5 6 7 9 8 7 6 5 4 3 2 1

9 9 9 9 9 9 9 7 7 7 7 7 7 7 7 7

6

1 2 3 4 5 6 10 9 8 7 6 5 4 3 2 1

10 10 10 10 10 10 6 6 6 6 6 6 6 6 6 6
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1 2 3 4 5 11 10 9 8 7 6 5 4 3 2 1

11 11 11 11 11 5 5 5 5 5 5 5 5 5 5 5

4

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

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

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

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

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

14 14 2 2 2 2 2 2 2 2 2 2 2 2 2 2

1

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

15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0

No.  of 

codes  (P)

Code - Tree
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Figure 1 – Table A: Even HS-SCCH number: CCS values in green color
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Figure 2 – Table B: Odd HS-SCCH number: CCS values in blue color
If 64QAM is configured for a UE,  only the first three bits of the code offset indicator, xccs,4, xccs,5, xccs,6,  are transmitted on HS-SCCH. The use of the last bit xccs,7  is described as follows (to promote minimum changes to the core specification):
1. At the Node-B, xccs,7 is used as a verification bit. That is, if xccs,7 = mod(HS-SCCH number, 2) ,  the (O, P) CCS combination generated by the existing procedure is valid, otherwise, it is not valid.
2. The UE will receive xccs,1, xccs,2, xccs,3, xccs,4, xccs,5, xccs,6 from HS-SCCH channel, in addition, the UE will generate the last bit as  xccs,7 = mod(HS-SCCH number, 2).   The UE will then generate the CCS combination (O, P) the same way as in a Rel-6 UE.

2.1.2. Advantages of Design 1
Design 1 is optimal in terms of code-use efficiency – a measure that defines the maximum loss of code resources due to the fact that half of the combinations are not allowed in either table A or table B – under the assumption that the code allocation opportunities are uniformly distributed over the possible code resource – 15 codes of SF16. This is due to the fact that for a given code allocation opportunity, if the combination is not allowed in the CCS table that the UE is using according to its HS-SCCH number, the maximum loss of unused code resource is 1 code.  For example, the combination (O, P) = (2, 2) is not allowed in Table A1, we can always use (O, P) = (3, 1), and the loss in unused code resource is 1. 
There are other designs that also have the same advantages. For example, we can use even rows for even HS-SCCH numbers, and odd rows for odd HS-SCCH number. However, the proposed design 1 has the following additional benefit – the reserved combinations are symmetrically distributed in both Tables A and B. In each table, there are four reserved combinations, and they are indexed by the same CG and first three bits of CO.  This will make any future use of these reserved combinations much easier. 

In both Table A and Table B, there are 4 reserved CCS fields. These combinations can be used to repeat a maximum of four high probability CCS combinations. 

2.1.3. Text Proposal Based on Design 1 to 25.212
2.1.3.1. 








































4.6.3 















>>>>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<

4.6.2.2
Modulation scheme mapping

The value of xms,1 is derived from the modulation and given by the following:
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4.6.2.3
Channelization code-set mapping

The channelization code-set bits xccs,1, xccs,2, …, xccs,7 are coded according to the following:

Given P (multi-)codes starting at code O and HS-SCCH number calculate the information-field using the unsigned binary representation of integers calculated by the expressions,

for the first three bits (code group indicator) of which xccs,1 is the MSB:

xccs,1, xccs,2, xccs,3 = min(P-1,15-P)
If 64QAM is not configured, or if 64QAM is configured and xms= 0,  for the last four bits (code offset indicator) of which xccs,4 is the MSB:

xccs,4, xccs,5, xccs,6, xccs,7 = |O-1-(P/8( *15|

If 64QAM is configured and xms= 1, and if P and O fulfil |O-1-(P/8( *15| mod 2 = (HS-SCCH number) mod 2 :
xccs,4, xccs,5, xccs,6, xccs,dummy = |O-1-(P/8( *15|,
where
 xccs,dummy  is a dummy bit that is not transmitted on HS-SCCH. Furthermore, 
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The definitions of P and O are given in [3]. The HS-SCCH number is given by the position in the list of HS-SCCH Channelisation Code Informations signalled by higher layers. The HS-SCCH number is associated with the code offset indicator and code group indicator as described above if 64QAM is configured for the UE and xms,1=1.

>>>>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<
2.2. 
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4. Conclusions
In this contribution, we proposed solutions for two unresolved issues with regard to inclusion of 64QAM in HSDPA – 

a) Method of signalling modulation on HS-SCCH – We proposed two simple designs under the general framework that was captured in the way forward document coming out of RAN1#47 bis meeting in Sorrento. Design 1 provides for symmetrical division of the all the possible CCS combinations between HS-SCCHs with odd and even numbers, thus enabling indication of 16QAM/64QAM using the additional bit. 
b) 
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