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1.
Introduction

In its meeting #47bis in Sorrento, RAN-1 has agreed on a way forward for HS-SCCH part-1 for the case of MIMO mode with 64-QAM enabled [1]. The main points are listed in the appendix for convenience. We should note however that the way forward cannot be used as is due to changes to CCS introduced in later meetings [2]. The proposal below adheres therefore to the spirit of the agreement and imposes minimal scheduling restrictions.
2.
Discussion

It is understood in [1] that HS-SCCH part-1 must accommodate more modulation options which require that additional information be signaled without increasing the overall number of bits. It lists two examples as to how that may be accomplished:

1) Use the HS-SCCH code index for the missing bit. To that end it also removed, for 64-QAM capable UE's, the restriction that consecutively-scheduled HS-DSCH packets to one UE must be signaled using the same HS-SCCH code. It should be noted however that 64-QAM operation is optional in Release-7 and is likely to remain so in further releases. Therefore there will always be a significant number of UE's that are non 64-QAM enabled for which the HS-SCCH restriction does apply. The result is that the Node-B scheduler will be overly restricted. Note that the same limitation applies to 64-QAM operation without MIMO.
2) Re-interpret the existing bits in part-1 and jointly code modulation and CCS bits, allowing a maximum of 6 bits for CCS information for all combinations with at least one 64-QAM stream. The exact definition of those 6-b hasn’t been agreed but it is understood that it will limit either the offset or the number of codes or both. Limiting offset options will create an unnecessary code crunch while limiting the number of codes will restrict the freedom of the scheduler to choose the best combination of modulation and number of codes. 
Note that signaling all possible CCS and modulation scheme combinations requires a total of 1080 combinations. Using example 2 above will eliminate at least 225 combinations out of those
. Our proposal eliminates only 58 of the least useful combinations.
3.
Proposal

We propose a joint signaling of the modulation and channelization information to a total of 10 bits which can be implemented with a simple, closed form encoder and decoder. Therefore we propose that:
1) Nine modulation combinations are possible (this is a deviation from the baseline agreement that incorrectly assumed the use of asymmetric CCS is possible)
2) The only scheduling limitation is that a minimum of 3 codes must be used for the modulation combinations of 64/64 QAM or 64/16 QAM. The usage of a small number of codes for this case is highly unlikely; therefore this is not a true limitation. 
3) As in Release-5 the CCS is identified by its offset, denoted O, and number of codes used, denoted P. Also as in Release-5 the scope of P (i.e. the max number of codes that can be used) depends on O.

A 10-bit information word C is used to carry information for modulations, P, and O.  The supported combinations are illustrated in Table 1.  

Table1: Supported O, P & modulation scheme
	C (10-bit)
	O
	P
	Used modulation(s)
	Antenna weight (2-bit)

	0-119
	O = 1..15
	P=1..16-O
	QPSK
	2 bits

	120-239
	O = 1..15
	P=1..16-O
	QPSK/QPSK
	2 bits

	240-359
	O = 1..15
	P=1..16-O
	16QAM
	2 bits

	360-479
	O = 1..15
	P=1..16-O
	16QAM/QPSK
	2 bits

	480-599
	O = 1..15
	P=1..16-O
	16QAM/16QAM
	2 bits

	600-719
	O = 1..15
	P=1..16-O
	64QAM
	2 bits

	720-839
	O = 1..15
	P=1..16-O
	64QAM/QPSK
	2 bits

	840-930
	O = 1..13
	P=3..16-O
	64QAM/16QAM
	2 bits

	931-1021
	O = 1..13
	P=3..16-O
	64QAM/64QAM
	2 bits


The encoding procedure could be constructed as follows: 
1) A Modulation scheme ms with values 0-8 is defined to account for all possible modulation combinations. An example is defined in table-2. Other examples are possible with the source coder adapted accordingly.
Table-2: Modulation Scheme ms
	ms
	Primary Stream Modulation 
	Secondary Stream Modulation

	0
	QPSK
	None

	1
	QPSK
	QPSK

	2
	16-QAM 
	None

	3
	16-QAM 
	QPSK

	4
	16-QAM 
	16-QAM 

	5
	64-QAM 
	None

	6
	64-QAM 
	QPSK

	7
	64-QAM 
	16-QAM 

	8
	64-QAM 
	64-QAM 


2) The modulation scheme ms defined in step 1, together with O and P combination in Table-1 determine a 10-bit joint information word C which is then combined with the 2-bit antenna weight index and signaled as in Release-5 thus keeping the total number of bits to 12.  It is defined by the equations below and listed table-3 (listed at the end of this contribution for easier readability). 
3) The values C=1022 and 1023 are not used. One of them can be used for HS-SCCH orders and the other could be reserved for future uses.
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4) The following steps can be used to decode C at the receiver:
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Alternatively a lookup table can be used.

Conclusion

A simple modulation scheme and CCS joint signaling scheme for HS-SCCH part-1 for 64-QAM+MIMO has been presented. This more efficient scheme eliminates both HS-SCCH code restrictions and any practical CCS restrictions that would have resulted from baseline examples. Either restriction would prove to be a scheduling limitation.  We therefore propose to use the more efficient signaling scheme. This change is implemented in the appendix.
Alternatively if HS-SCCH code number is used we propose to remove the HS-SCCH retransmission code restrictions for all UE's, whether or not they are 64-QAM enabled. 
References

[1] R1-070570, Way forward for HS-SCCH part 1 structure for MIMO and 64-QAM, Philips, Ericsson, Motorola, Nokia, Qualcomm
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Appendix A: Text changes
<<<<<<<<<<<<<<<<<<   Beginning of text changes  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

4.6B.1
Overview

HS-SCCH type 3 is used when the UE is configured in MIMO mode. If one transport block is transmitted on the associated HS-PDSCH(s) or an HS-SCCH order is transmitted, the following information is transmitted by means of the HS-SCCH type 3 physical channel:

If 64-QAM not enabled:
-
Channelization-code-set information (7 bits): 










xccs,1, xccs,2, …, xccs,7
-
Modulation scheme and number of transport blocks information (3 bits): 


xms,1, xms,2, xms,3
If 64-QAM is enabled:

-
Joint Channelization-code-set and Modulation information (10 bits): 



xc,1, xc,2,…, xc,10
-
Precoding weight information (2 bits): 










xpwipb,1, xpwipb,2
-
Transport-block size information (6 bits):










xtbspb,1, xtbspb,2, …, xtbspb,6

-
Hybrid-ARQ process information (4 bits):










xhap,1, xhap,2, …, xhap,4

-
Redundancy and constellation version (2 bits):








xrvpb,1, xrvpb,2
-
UE identity (16 bits):















xue,1, xue,2, …, xue,16

For an HS-SCCH order,

· xc,1, xc,2,…, xc,10, xpwipb,1, xpwipb,2 shall be set to ‘111111111100’

· xtbspb,1, xtbspb,2, …, xtbspb,6 shall be set to ‘111101’
· xhap,1, xhap,2, xhap,3, xhap,4, xrvpb,1, xrvpb,2 shall be set to xodt,1, xodt,2, xodt,3, xord,1, xord,2, xord,3
where xodt,1, xodt,2, xodt,3, xord,1, xord,2, xord,3 are defined in subclause 4.6C.
If two transport blocks are transmitted on the associated HS-PDSCHs, the following information is transmitted by means of the HS-SCCH type 3 physical channel:

If 64-QAM not enabled:
-
Channelization-code-set information (7 bits):








 

xccs,1, xccs,2, …, xccs,7
-
Modulation scheme and number of transport blocks information (3 bits): 


xms,1, xms,2, xms,3
If 64-QAM is enabled:
-
Joint Channelization-code-set and Modulation information (10 bits): 


xc,1, xc,2,…, xc,10
-
Precoding weight information for the primary transport block (2 bits): 



xpwipb,1, xpwipb,2
-
Transport-block size information for the primary transport block (6 bits):


xtbspb,1, xtbspb,2, …, xtbspb,6

-
Transport-block size information for the secondary transport block (6 bits):

xtbssb,1, xtbssb,2, …, xtbssb,6

-
Hybrid-ARQ process information (4 bits):











xhap,1, xhap,2,…, xhap,4

-
Redundancy and constellation version for the primary transport block (2 bits):


xrvpb,1, xrvpb,2
-
Redundancy and constellation version for the secondary transport block (2 bits):

xrvsb,1, xrvsb,2
-
UE identity (16 bits):

















xue,1, xue,2, …, xue,16

Figure 19B below illustrates the overall coding chain for HS-SCCH type 3. Note that some information shown is not present if only one transport block is transmitted on the associated HS-PDSCH(s). Also note that if 64qam is enabled then the bits denoted by xccs and xms are replaced by xc.
<<<<<<<<<<<<<<<<<<   End of text changes  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

<<<<<<<<<<<<<<<<<<   Beginning of text changes  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

4.6B.2.2
Modulation scheme and number of transport blocks mapping when 64-QAM is not enabled
The number of transport blocks transmitted on the associated HS-PDSCH(s) and the modulation scheme information are jointly coded as shown in Table 14:

Table 14: Mapping of xms
	xms-stb,1, xms-stb,2, 
xms-stb,3
	Modulation for primary transport block
	Modulation for secondary transport block
	Number of transport blocks

	111
	16QAM
	16QAM
	2

	110
	16QAM
	QPSK
	2

	100
	16QAM
	n/a
	1

	011
	QPSK
	QPSK
	2

	000
	QPSK
	n/a
	1


4.6B.2.3
Channelization code-set mapping when 64-QAM is not enabled
The channelization code-set bits xccs,1, xccs,2, …, xccs,7 are coded as in subclause 4.6.2.3.

If two transport blocks are transmitted on the associated HS-PDSCH(s), the same set of channelisation codes shall be used for both transport blocks.

4.6B.2.A
Channelization code-set and Modulation mapping for MIMO when 64-QAM  is enabled

The modulation scheme ms is defined as in table 14A
Table 14A: Modulation scheme for MIMO and 64QAM

	ms
	Modulation for Primary transport block 
	Modulation for Secondary transport block 

	0
	QPSK
	None

	1
	QPSK
	QPSK

	2
	16-QAM 
	None

	3
	16-QAM 
	QPSK

	4
	16-QAM 
	16-QAM 

	5
	64-QAM 
	None

	6
	64-QAM 
	QPSK

	7
	64-QAM 
	16-QAM 

	8
	64-QAM 
	64-QAM 


The code offset O and number of codes P are defined as in 4.6.2.3. A 10-b joint information word C given by xc,1, xc,2,…, xc,10  is defined by: 
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The following paragraph is informative: 
At the receiver side C can be decoded as follows:
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 <<<<<<<<<<<<<<<<<<   End of text changes  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

Appendix B: Extract from ref-1
· When the UE is configured in MIMO mode, the HS-SCCH Part 1 contains 12 bits. 

· In Release 7, 64QAM will not be configured when MIMO is configured. The bits of the Part 1 are interpreted in accordance with the RAN1-endorsed CR [5].

· If/when 64QAM in conjunction with MIMO is specified in a future Release, the bits of Part 1 would be reinterpreted when the UE is configured in 64QAM and MIMO simultaneously. The number of bits in Part 1 would not be increased in this case. 

· Two alternative possible examples of how the 12 bits could be interpreted in this case is shown below:

Example 1:

	Modulation
	Primary CCS
	Antenna weight
	Used modulation(s)
	Secondary CCS

	000
	7 bits (as in Rel-5)
	2 bits
	QPSK
	N/A

	001
	7 bits (as in Rel-5)
	2 bits
	QPSK/QPSK
	as table X2 in [5]

	010
	7 bits (as in Rel-5)
	2 bits
	QPSK/QPSK
	=primary

	011
	7 bits (as in Rel-5)
	2 bits
	16QAM
	N/A

	100
	7 bits (as in Rel-5)
	2 bits
	16QAM/QPSK
	=primary

	101
	7 bits (as in Rel-5)
	2 bits
	16QAM/16QAM
	=primary

	1100
	6 bits
	2 bits
	64QAM
	N/A

	1101
	6 bits
	2 bits
	64QAM/QPSK
	=primary

	1110
	6 bits
	2 bits
	64QAM/16QAM
	=primary

	1111
	6 bits
	2 bits
	64QAM/64QAM
	=primary







Example 2:

	
	i1
	i2
	i3
	Code Set Info
	Antenna weight
	Used modulation

	Same for Type I and Type II HS-SCCH.
	0
	0
	0
	7 bits
	2 bits
	QPSK

	
	0
	0
	1
	 7 bits
	2 bits
	16QAM

	
	0
	1
	0
	7 bits
	2 bits
	64QAM

	
	0
	1
	1
	7 bits
	2 bits
	QPSK / QPSK

	
	1
	0
	0
	7 bits
	2 bits
	16QAM / QPSK

	
	1
	0
	1
	7 bits
	2 bits
	16QAM / 16QAM

	
	1
	1
	0
	7 bits
	2 bits
	64QAM / QPSK

	Odd HS-SCCH
	1
	1
	1
	7 bits
	2 bits
	64QAM / 16QAM

	Even HS-SCCH
	1
	1
	1
	7 bits
	2 bits
	64QAM / 64QAM


· When 64QAM is signalled, the 6 bits for CCS would be interpreted as in section 2.1 above.

· Note that the details of the Part 1 signalling for 64QAM in conjunction with MIMO would be finalised at the time when 64QAM+MIMO is specified in a future release. The above example is included here merely to demonstrate that suitable signalling can be accommodated without increasing the number of bits in Part 1 of the HS-SCCH beyond 12. 

Appendix C: Table 3
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� Ideally 120 combinations are needed for all combinations of P and O. With 6 bits used in the baseline for 4 modulation cases only 64 combinations can be signaled, the loss is then 4(120-64)+1 where the added one is for HS-SCCH orders
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table_1

		C		MI		O(1-15)		P(1-15)

		0		0		1		1

		1		0		1		2

		2		0		1		3

		3		0		1		4

		4		0		1		5

		5		0		1		6

		6		0		1		7

		7		0		1		8

		8		0		1		9

		9		0		1		10

		10		0		1		11

		11		0		1		12

		12		0		1		13

		13		0		1		14

		14		0		1		15

		15		0		2		1

		16		0		2		2

		17		0		2		3

		18		0		2		4

		19		0		2		5

		20		0		2		6

		21		0		2		7

		22		0		2		8

		23		0		2		9

		24		0		2		10

		25		0		2		11

		26		0		2		12

		27		0		2		13

		28		0		2		14

		29		0		3		1

		30		0		3		2

		31		0		3		3

		32		0		3		4

		33		0		3		5

		34		0		3		6

		35		0		3		7

		36		0		3		8

		37		0		3		9

		38		0		3		10

		39		0		3		11

		40		0		3		12

		41		0		3		13

		42		0		4		1

		43		0		4		2

		44		0		4		3

		45		0		4		4

		46		0		4		5

		47		0		4		6

		48		0		4		7

		49		0		4		8

		50		0		4		9

		51		0		4		10
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		712		5		12		3

		713		5		12		4

		714		5		13		1

		715		5		13		2

		716		5		13		3

		717		5		14		1

		718		5		14		2

		719		5		15		1

		720		6		1		1

		721		6		1		2

		722		6		1		3

		723		6		1		4

		724		6		1		5

		725		6		1		6

		726		6		1		7

		727		6		1		8

		728		6		1		9

		729		6		1		10

		730		6		1		11

		731		6		1		12

		732		6		1		13

		733		6		1		14

		734		6		1		15

		735		6		2		1

		736		6		2		2

		737		6		2		3

		738		6		2		4

		739		6		2		5

		740		6		2		6

		741		6		2		7

		742		6		2		8

		743		6		2		9

		744		6		2		10

		745		6		2		11

		746		6		2		12

		747		6		2		13

		748		6		2		14

		749		6		3		1

		750		6		3		2

		751		6		3		3

		752		6		3		4

		753		6		3		5

		754		6		3		6

		755		6		3		7

		756		6		3		8

		757		6		3		9

		758		6		3		10

		759		6		3		11

		760		6		3		12

		761		6		3		13

		762		6		4		1

		763		6		4		2

		764		6		4		3

		765		6		4		4

		766		6		4		5

		767		6		4		6

		768		6		4		7

		769		6		4		8

		770		6		4		9

		771		6		4		10

		772		6		4		11

		773		6		4		12

		774		6		5		1

		775		6		5		2

		776		6		5		3

		777		6		5		4

		778		6		5		5

		779		6		5		6

		780		6		5		7

		781		6		5		8

		782		6		5		9

		783		6		5		10

		784		6		5		11

		785		6		6		1

		786		6		6		2

		787		6		6		3

		788		6		6		4

		789		6		6		5

		790		6		6		6

		791		6		6		7

		792		6		6		8

		793		6		6		9

		794		6		6		10

		795		6		7		1

		796		6		7		2

		797		6		7		3

		798		6		7		4

		799		6		7		5

		800		6		7		6

		801		6		7		7

		802		6		7		8

		803		6		7		9

		804		6		8		1

		805		6		8		2

		806		6		8		3

		807		6		8		4

		808		6		8		5

		809		6		8		6

		810		6		8		7

		811		6		8		8

		812		6		9		1

		813		6		9		2

		814		6		9		3

		815		6		9		4

		816		6		9		5

		817		6		9		6

		818		6		9		7

		819		6		10		1

		820		6		10		2

		821		6		10		3

		822		6		10		4

		823		6		10		5

		824		6		10		6

		825		6		11		1

		826		6		11		2

		827		6		11		3

		828		6		11		4

		829		6		11		5

		830		6		12		1

		831		6		12		2

		832		6		12		3

		833		6		12		4

		834		6		13		1

		835		6		13		2

		836		6		13		3

		837		6		14		1

		838		6		14		2

		839		6		15		1

		840		7		1		3

		841		7		1		4

		842		7		1		5

		843		7		1		6

		844		7		1		7

		845		7		1		8

		846		7		1		9

		847		7		1		10

		848		7		1		11

		849		7		1		12

		850		7		1		13

		851		7		1		14

		852		7		1		15

		853		7		2		3

		854		7		2		4

		855		7		2		5

		856		7		2		6

		857		7		2		7

		858		7		2		8

		859		7		2		9

		860		7		2		10

		861		7		2		11

		862		7		2		12

		863		7		2		13

		864		7		2		14

		865		7		3		3

		866		7		3		4

		867		7		3		5

		868		7		3		6

		869		7		3		7

		870		7		3		8

		871		7		3		9

		872		7		3		10

		873		7		3		11

		874		7		3		12

		875		7		3		13

		876		7		4		3

		877		7		4		4

		878		7		4		5

		879		7		4		6

		880		7		4		7

		881		7		4		8

		882		7		4		9

		883		7		4		10

		884		7		4		11

		885		7		4		12

		886		7		5		3

		887		7		5		4

		888		7		5		5

		889		7		5		6

		890		7		5		7

		891		7		5		8

		892		7		5		9

		893		7		5		10

		894		7		5		11

		895		7		6		3

		896		7		6		4

		897		7		6		5

		898		7		6		6

		899		7		6		7

		900		7		6		8

		901		7		6		9

		902		7		6		10

		903		7		7		3

		904		7		7		4

		905		7		7		5

		906		7		7		6

		907		7		7		7

		908		7		7		8

		909		7		7		9

		910		7		8		3

		911		7		8		4

		912		7		8		5

		913		7		8		6

		914		7		8		7

		915		7		8		8

		916		7		9		3

		917		7		9		4

		918		7		9		5

		919		7		9		6

		920		7		9		7

		921		7		10		3

		922		7		10		4

		923		7		10		5

		924		7		10		6

		925		7		11		3

		926		7		11		4

		927		7		11		5

		928		7		12		3

		929		7		12		4

		930		7		13		3

		931		8		1		3

		932		8		1		4

		933		8		1		5

		934		8		1		6

		935		8		1		7

		936		8		1		8

		937		8		1		9

		938		8		1		10

		939		8		1		11

		940		8		1		12

		941		8		1		13

		942		8		1		14

		943		8		1		15

		944		8		2		3

		945		8		2		4

		946		8		2		5

		947		8		2		6

		948		8		2		7

		949		8		2		8

		950		8		2		9

		951		8		2		10

		952		8		2		11

		953		8		2		12

		954		8		2		13

		955		8		2		14

		956		8		3		3

		957		8		3		4

		958		8		3		5

		959		8		3		6

		960		8		3		7

		961		8		3		8

		962		8		3		9

		963		8		3		10

		964		8		3		11

		965		8		3		12

		966		8		3		13

		967		8		4		3

		968		8		4		4

		969		8		4		5

		970		8		4		6

		971		8		4		7

		972		8		4		8

		973		8		4		9

		974		8		4		10

		975		8		4		11

		976		8		4		12

		977		8		5		3

		978		8		5		4

		979		8		5		5

		980		8		5		6

		981		8		5		7

		982		8		5		8

		983		8		5		9

		984		8		5		10

		985		8		5		11

		986		8		6		3

		987		8		6		4

		988		8		6		5

		989		8		6		6

		990		8		6		7

		991		8		6		8

		992		8		6		9

		993		8		6		10

		994		8		7		3

		995		8		7		4

		996		8		7		5

		997		8		7		6

		998		8		7		7

		999		8		7		8

		1000		8		7		9

		1001		8		8		3

		1002		8		8		4

		1003		8		8		5

		1004		8		8		6

		1005		8		8		7

		1006		8		8		8

		1007		8		9		3

		1008		8		9		4

		1009		8		9		5

		1010		8		9		6

		1011		8		9		7

		1012		8		10		3

		1013		8		10		4

		1014		8		10		5

		1015		8		10		6

		1016		8		11		3

		1017		8		11		4

		1018		8		11		5

		1019		8		12		3

		1020		8		12		4

		1021		8		13		3

		the two unused MOP values can be given some meaning, e.g.:

		1022		7		15		1

		1023		8		15		1






