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1. Introduction
In the recently concluded RAN Plenary (RAN #34, Budapest, Hungary, 28 Nov – Dec 1, 2006)[1], a work item to include 64QAM in HSDPA was approved. In this contribution, we outline an approach to include 64QAM in HSDPA without modifying the modulation and coding of the current HS-SCCH channel – only the interpretation of fields is modified. We list the necessary changes to 25.212 and 25.321 in order to indicate the modulation format without adding additional control bits, and explain in detail the rationale for and advantages of the proposed approach.
The text extracted from the specifications is indicated in italics with black colour, and the modifications to the specification are indicated with blue colour.
2. Modulation Format Indication with Additional Control Bit

HS-SCCH signaling fields in the current Release-6 specification are shown in Table 1.
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Table 1 – HS-SCCH Signaling Fields
One obvious way of indicating the new modulation format of 64QAM is to increase the number of Modulation Specifier (MS) bits to 2. This would, in effect, increase the coding rate of Part-1 of HS-SCCH from 8/40 to 9/40. This results in a loss of about 0.5 dB of link efficiency in AWGN channel as shown in Figure 1 below. This loss in link efficiency will result in loss of downlink capacity – a quantity which we are trying to improve through the introduction of 64QAM in HSDPA.
This approach to HS-SCCH modification is straightforward to specify, but relatively inefficient in terms of radio resources.
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Figure 1 – Link Performance of Part1 of HS-SCCH
3. Modulation Format Indication without Additional Control Bit

A second alternative is possible for HS-SCCH modification that does not require the additional control bit in HS-SCCH to indicate 64QAM modulation format, and therefore avoids the performance penalty in HS-SCCH associated with the additional control bit. Since this approach is less obvious, it is described in somewhat greater detail than the approach above.
In this case, those UEs that are capable of handling 64QAM, and when 64QAM is activated, we keep the QPSK TBS table the same as in the current Rel-6 specification, but create a combined TBS table for 16QAM/64QAM. Furthermore, in this combined 16QAM/64QAM table, there exists a one-to-one mapping between the 6-bit transport-block size information in HS-SCCH and the modulation format (16QAM or 64QAM). Therefore, no additional control bit is needed to select between 16QAM and 64QAM modulation format. The benefits of this approach include:

1. Backward compatibility. No changes are required to the format of the HS-SCCH to support 64-QAM. Legacy UE’s are signalled on the basis of the existing HS-SCCH format and existing (Rel-6) mapping between the 6-bit TBS field and TBS sizes for QPSK and 16-QAM. 64-QAM capable UE’s, with 64QAM activated, use the new mapping of 6-bit TBS field and TBS size when the Modulation Specifier value is set to ‘1’ (to indicated 16/64-QAM instead of 16-QAM only). The existing HS-SCCH information word sizes (Parts 1 and 2) are retained.
2. No performance loss of HS-SCCH that would result from using an additional modulation bit (i.e. extending the HS-SCCH MS field by 1 bit). The resulting savings in HS-SCCH power can be used to improve system capacity and spectral efficiency, consistent with the related HS-SCCH discussions on CPC and MIMO signalling.
Note that the loss of TBS granularity in this approach is minimal, since most of the reductions in TBS size/modulation combinations take place in the region where 16QAM and 64QAM TBS sizes overlap.  Therefore, removing these TBS size/modulation combination does not reduce significantly the scheduling flexibility at the Node-B.

One possible concern for this approach is that the receiver does not know the modulation format – when 16QAM or 64QAM is transmitted on HS-DSCH – until Part II of HS-SCCH is decoded. Two possible remedies for this issue are:
1. If the xms,1  value is 1, indicating either 16QAM or 64QAM, the receiver starts with two parallel demodulation units assuming 16QAM and 64QAM. Once Part II of HS-SCCH is decoded, the receiver discards the part of the memory (which can be shared between 16-QAM and 64-QAM) that stores the soft LLR bits from the wrong modulation format.  This is the preferred approach.

2. Simply delay demodulation until part II is decoded. This approach may defeat the purpose of the two part HS-SCCH design and reduce the available decoding time at the UE.
The next two sub-sections outline the changes required to specifications 25.212 and 25.321 for incorporation of this signaling proposal.
3.1. Changes to 25.212

>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
4.6.2.2
Modulation scheme mapping
For UEs that are not 64QAM capable, or for UEs that are 64QAM capable but the 64QAM capabilities are not activated by the higher layer, the value of xms,1 is derived from the modulation and given by the following:
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For UEs that are 64QAM capable, and when 64-QAM reception is enabled by higher layers, the value of xms,1 is derived from the modulation and given by the following:
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>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<<<
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
 4.6.2.6
Transport block size index mapping

Transport-block size information (6 bits) xtbs,1, xtbs,2, …, xtbs,6  is unsigned binary representation of the Transport block size index where xtbs,1 is MSB.

If the modulation format is 16QAM, then the decimal value of the transport block size information is limited to the range of [0, 41];   if the modulation format is 64QAM, then the decimal value of the transport block size information is limited to the range of [42, 62].
>>>>>>>>>> BEGIN END CHANGE <<<<<<<<<<<<<<<
3.2. Changes to 25.321

>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
9.2.3.1
Transport block size for FDD
For all transmissions of a transport block, the transport block size is derived from the TFRI value as specified below, except only in those cases of retransmissions where the Node-B selects a combination for which no mapping exists between the original transport block size and the selected combination of channelisation Code set and modulation type. In such cases, the transport block size index value signalled to the UE shall be set to 111111, i.e., ki=63.
For UEs that are not 64QAM capable, or for UEs that are 64QAM capable but for which 64-QAM reception has not been activated by higher layers, let ki be the TFRI signalled on the HS-SCCH value and let k0,i be the value in the table 9.2.3.1 corresponding to the modulation and the number of codes signalled on the HS-SCCH. Let kt be the sum of the two values: kt = ki + k0,i. The transport block size L (kt) can be obtained by accessing the position kt in the table in Annex A (normative) or by using the formula below (informative):

If kt < 40
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end
For UEs that are 64QAM capable, and for which 64-QAM reception has been activated by higher layers, let ki be the TFRI signalled on the HS-SCCH value and let k0,i be the value in the table 9.2.3.1 corresponding to the modulation and the number of codes signalled on the HS-SCCH.   

If the modulation format for HS-DSCH transmissions to such UE’s is 16QAM, then the decimal value of the transport block size information ki is limited to the range of [0, 41];   if the modulation format is 64QAM, then the decimal value of the transport block size information ki  is limited to the range of [42, 62].  

Furthermore, if QPSK or 16QAM is used, then let kt be the sum of the two values: kt = ki + k0,i. If 64QAM is used, then let kt be kt = 22 + (ki -42)*2+ k0,i.  The transport block size L (kt) can be obtained by accessing the position kt in the table in Annex B (normative) or by using the same formula for L(kt) as that defined above (informative).
>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
Table 9.2.3.1: Values of k0,i for different numbers of channelization codes and modulation schemes

	Combination i
	Modulation scheme
	Number of channelization codes
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	0
	QPSK
	1
	1

	1
	
	2
	40

	2
	
	3
	63

	3
	
	4
	79

	4
	
	5
	92

	5
	
	6
	102

	6
	
	7
	111

	7
	
	8
	118

	8
	
	9
	125

	9
	
	10
	131

	10
	
	11
	136

	11
	
	12
	141

	12
	
	13
	145

	13
	
	14
	150

	14
	
	15
	153

	15
	16QAM
	1
	40

	16
	
	2
	79

	17
	
	3
	102

	18
	
	4
	118

	19
	
	5
	131

	20
	
	6
	141

	21
	
	7
	150

	22
	
	8
	157

	23
	
	9
	164

	24
	
	10
	169

	25
	
	11
	175

	26
	
	12
	180

	27
	
	13
	184

	28
	
	14
	188

	29
	
	15
	192

	30
	64QAM
	1
	63

	31
	
	2
	102

	32
	
	3
	125

	33
	
	4
	141

	34
	
	5
	154

	35
	
	6
	164

	36
	
	7
	173

	37
	
	8
	180

	38
	
	9
	187

	39
	
	10
	192

	40
	
	11
	198

	41
	
	12
	203

	42
	
	13
	207

	43
	
	14
	211

	44
	
	15
	215


>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
4.  Conclusions

In this document, we discussed a simple method of signaling modulation – without additional signalling bits – when 64QAM is included in HSDPA. 16QAM and 64QAM are indicated with a Modulation Specifier (MS) value of ‘1’ and these modulations are distinguished by limiting the range of transport block sizes supported by each of these modulations. The benefits of this approach include – 

1. No changes are required to the format of the HS-SCCH to support 64-QAM. Legacy UEs and the new 64QAM capable UEs interpret the signalling fields in a different manner. Further, the existing HS-SCCH information word sizes (Parts 1 and 2) are retained.

2. No performance loss of HS-SCCH that would result from using an additional modulation bit (i.e. extending the HS-SCCH MS field by 1 bit). The resulting savings in HS-SCCH power can be used to improve system capacity and spectral efficiency, consistent with the related HS-SCCH discussions on CPC and MIMO signalling.
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6. Annex: Part I of HS-SCCH with MIMO and 64QAM

Table ab: HS-SCCH Part1 structure for MIMO operation with 64QAM configured

	I1
	I2
	I3
	Code Set Info
	Antenna weight
	Used modulation

	0
	0
	N/A
	7 bits
	2 bits
	QPSK

	0
	1
	N/A
	7 bits
	2 bits
	QAM

	1
	0
	N/A
	7 bits
	2 bits
	QPSK / QPSK

	1
	1
	0
	6 bits(1
	2 bits
	QAM / QPSK

	1
	1
	1
	6 bits(2
	2 bits
	QAM / QAM

	1) The LSB would not be signalled and would be fixed to 1 leading to available number of codes {1,3,5,7,10,11,13,15}


Total of 11 bits in Part I for MIMO with 64QAM. Part II is similar to that of [2].
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