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1 Introduction

This document considers some details of the control signalling on the HS-SCCH for Rel-7 FDD MIMO. We assume that a single HS-SCCH OVSF code is used regardless of whether one or two streams are transmitted, as proposed in [2].

2 Signalling Requirements

2.1 Assumptions

For simplicity, we refer to the beam for which the precoding vector is signalled on the HS-SCCH as the “primary beam”. We refer to the other beam as the “secondary beam”.

To simplify signalling we propose that the secondary beam is always transmitted with a modulation order and number of channelisation codes that are equal to or less than that on the primary beam. 

2.2 HS-SCCH Signalling Information

The Release 5 HS-SCCH comprises the following information:

Part 1:

· Channelization code set (CCS)


7 bits

· Modulation scheme (MS)


1 bit

The 16-bit UE identity is also included in Part 1 by scrambling. 

Part 2:

· Transport-block size (TBS)


6 bits

· Hybrid-ARQ process identity (HAP)

3 bits

· Redundancy and constellation version (RV)
3 bits

· New Data Indicator (NDI)


1 bit

· CRC masked with UE identity


16 bits

2.2.1 Part 1 for Rel-7 MIMO
For Rel-7 MIMO, it is proposed in [2] that the antenna weight indicator (AWI) and a single-bit indicator of the number of transmitted streams (NS) is also included in Part 1. 

It has also been suggested that it might make sense to design the MS indicators to allow for the possibility of 64QAM in the future. This would require 4 bits for the MS plus the single-bit indicator of the number of transmitted streams.

The size of the CCS field for the primary beam is unchanged from Rel-5 (7 bits). One significant issue is the number of bits required to signal the code allocation on the secondary beam. 

In general it seems a reasonable assumption that the starting code is the same for both the primary and secondary beams. 

It has been suggested that if the number of codes allocated to primary and secondary beams are restricted to be equal (i.e. “symmetric code allocation”) then this will reduce signalling overhead (compared to full flexibility which would need 4 bits for the number of codes and 1 or 2 bits for the modulation scheme (depending on provision for 64QAM)). However, this also implies a restriction on the range of transport block sizes which can be transmitted on one beam relative to the other. More specifically this means that there may be a problem with sending a small transport block on the secondary beam when a large one is sent on the primary beam (as discussed in [1]).  There is a ratio of about 3 between the maximum and minimum Transport Block Sizes which can be signalled for a given number of codes. 

This limitation can be partly alleviated when the primary beam uses 16QAM, by use of QPSK on the secondary beam. Further, in the case of just 1 bit used to signal the Modulation Scheme (MS) and Channelisation Code Set (CCS) for the secondary beam (in addition to the 1 bit used to signal the MS for the primary beam), it is possible to use one of the available combinations to indicate a reduced number of codes for the secondary beam (See Table 1). Note that since the choice of modulation and number of codes used on the secondary beam is not a critical parameter, full resolution in number of codes is not needed. However it is desirable to avoid the need for extreme code rates.

	Modulation on Primary Beam
	Modulation on Secondary Beam
	Number of codes on primary beam
	Number of codes on secondary beam
	Signalled MS value for primary beam
	Signalled MS/CCS value for secondary beam

	16QAM
	16QAM
	X
	X
	1
	1

	16QAM
	QPSK
	X
	X
	1
	0

	QPSK
	QPSK
	X
	X
	0
	1

	QPSK
	QPSK
	X
	~X/2 (given by Table 2)
	0
	0


Table 1: Signalling number of codes with 1 bit MS for primary beam and 1 bit MS/CCS for secondary beam

For the case of QPSK on both beams and MS/CCS combination “00” for the secondary beam, the number of codes on the secondary beam is given by Table 2 (depending on the number of codes used for the primary beam, which is signalled by a separate bit-field in the same way as Rel-5). The intention is that the number of codes on the secondary beams is about half that on the primary beam, so that the range of supported transport block sizes is as wide as possible, but without requiring extreme code rates.

	Number of codes on primary beam = X
	Number of codes on secondary beam (~X/2)

	15
	7

	14
	7

	13
	7

	12
	6

	11
	6

	10
	5

	9
	5

	8
	4

	7
	4

	6
	3

	5
	3

	4
	2

	3
	2

	2
	1

	1
	1


Table 2: Number of codes on primary and secondary beams for 1 bit MS/CCS for secondary beam

If two bits are allowed for the MS/CCS on the secondary beam then even more flexibility is possible, as shown in Table 3. 

	Modulation on Primary Beam
	Modulation on Secondary Beam
	Number of codes on primary beam
	Number of codes on secondary beam
	Signalled MS value for primary beam
	Signalled MS/CCS value for secondary beam

	16QAM
	16QAM
	X
	X
	1
	11

	16QAM
	QPSK
	X
	X
	1
	10

	16QAM
	QPSK
	X
	~X/2 (given by Table 2)
	1
	01

	16QAM
	QPSK
	X
	~X/4 (given by Table 4)
	1
	00

	QPSK
	QPSK
	X
	X
	0
	11

	QPSK
	QPSK
	X
	~X/2 (given by Table 2)
	0
	10

	QPSK
	QPSK
	X
	~X/4 (given by Table 4)
	0
	01

	QPSK
	QPSK
	X
	1
	0
	00


Table 3: Signalling number of codes with 1 bit MS for primary beam and 2 bit MS/CCS for secondary beam

	Number of codes on primary beam = X
	Number of codes on secondary beam (~X/4)

	15
	3

	14
	3

	13
	3

	12
	3

	11
	3

	10
	3

	9
	3

	8
	2

	7
	2

	6
	2

	5
	2

	4
	1

	3
	1

	2
	1

	1
	1


Table 4: Additional table of number of codes on primary and secondary beams for 2 bit MS/CCS for secondary beam

This principle could be extended to 3 bits MS/CCS signalling for the secondary beam or 4 bits (which would give full flexibility for all numbers of codes on the primary beam). 

In addition, the same approach can be applied if potential support for 64QAM is to be added to the specification at this stage (see Annex A).

2.2.2 Proposal for Part 1 for Rel-7 MIMO

In the light of the above considerations, we propose the following:

· The beam for which the precoding vector is signalled on the HS-SCCH is denoted the “primary beam”.

· Independent transport block sizes are signalled for primary and secondary beams.

· The starting code is the same for both the primary and secondary beams. 

· The secondary beam is always transmitted with a modulation order that is equal to or less than that of the primary beam. 

· The secondary beam is always transmitted with a number of codes that is equal to or less than that of the primary beam.

· If provision is not made in Rel-7 to signal 64QAM, we propose that the MS and number of codes for the secondary beam are signalled jointly with 1 or 2 bits – This allows a ratio of transport block size between primary and secondary beams of up to about 6 or 12 respectively.

· If provision is made to signal 64QAM, we propose that the MS of the primary beam and MS/CCS of the secondary beam are signalled jointly.  A total of 4 bits would allow nearly the full range of transport block sizes to be used on both beams. 

The number of bits for the MS/CCS can thus be selected on the basis of a trade-off between minimising restrictions on the Node B scheduler and HS-SCCH overhead. 

Note that even with symmetric code allocation an additional 1 MS bit compared to Rel-5 would be required  to allow a different modulation scheme to be used on  the secondary beam from that on the primary beam.

Thus if provision is not made for signalling 64QAM, the number of bits required in Part 1 is:

CCS1(7) + MS1(1) + MS2/CCS2(1 to 2) + AWI(2) + NS(1) = 12 to 13. 

This gives a code rate of 0.3 – 0.33 for the information, masked with the UE ID which uses a code rate of 0.4. Note that if the number of bits for the UE ID is added in when calculating the code rate, it could appear that the code rate is as high as 0.7. However, as the code rate is unbalanced between the information and the UE ID, and the UE has the freedom to allow a higher false-alarm rate on the decoding of the ID, the actual effective code rate on the information is lower. 

If provision is made for signalling 64QAM, the number of bits required in Part 1 is:

CCS1(7) + MS1/MS2/CCS2(4) + AWI(2) + NS(1) = 14. 

This gives a code rate of 0.35 for the information, masked with the UE ID which uses a code rate of 0.4. 

2.2.3 Part 2 for Rel-7 MIMO
If a 1-bit indicator of the number of streams is included in Part 1, then two different formats may be used for Part 2 depending on whether 1 stream or 2 are transmitted. 

If only 1 stream is transmitted, the format may be the same as Rel-5, with 29 bits at a code rate of 0.36. This means that the robustness at lower geometries is fully retained. 

If 2 streams are transmitted, the TBS, RV and NDI need to be transmitted once for each stream, doubling the number of bits compared to Rel-5. 

The number of bits required for the HAP depends on what restrictions are applied. If 5 processes are available per beam, the Node B has approximately 1.5 slots in which to decode the HARQ-ACK and perform the scheduling. This could be signalled with full flexibility with 7 bits (allowing any of the 10 processes to be transmitted on either beam). 

If this is not considered sufficient, 6 processes would be needed per beam. This results in 132 combinations of HARQ processes, which cannot quite be signalled with 7 bits. One way to limit the required number of bits to 7 is to require one of the 12 processes always to use the primary beam. The other 11 processes may use either beam. Alternatively, if 6 processes are restricted to the primary beam and the other 6 processes are restricted to the secondary beam, then only 6 bits are needed for the HAP signalling. 

Thus the total number of bits required for HAP for both streams is between 6 and 8.

Therefore, for dual-stream transmission, the number of bits required in Part 2 is:

TBS(2x6) + RV(2x3) + NDI(2x1) + HAP(6 to 8) + CRC(16) = 42 to 44 at a code rate of 0.53 to 0.55, depending on the restrictions that are applied to the Node B scheduler with regard to HARQ process allocation. Note that the higher code rate than in Rel-5 can be compensated by an increase in transmission power, and in any case this format would only be used for the case of dual-stream transmission, when the SIR should be relatively high.

If two HS-SCCHs were used instead, the total amount of information to be carried in Part 2 would be even higher, and therefore the total transmission power required for the two HS-SCCHs together would be even higher. Note also that two separate HS-SCCHs would restrict each set of 6 HARQ processes to a single stream, and would therefore also impose restrictions on the scheduler, unless additional HARQ process ID bits were added to each of the two HS-SCCHs. 

3 Conclusions

The proposed numbers of bits for HS-SCCH and corresponding code rates are shown in the following table. 

	Format
	Part
	Fields
	Bits
	Rate (SF128)

	Rel-5 HS-SCCH
	Part I
	CCS(7)+MS(1)

Masked with ID (16)
	8

16
	0.2

0.4

	
	Part II
	TBS(6)+HAP(3)+RV(3)+NDI(1)+ID(16)
	29
	0.36

	Rel-7 MIMO 
HS-SCCH
	Part I
	CCS1(7)+MS1/MS2/CCS2(2-4)+AWI(2)+NS(1)

Masked with ID (16)
	12-14

16
	0.3-0.35

0.4

	
	Part II 
(1 stream)
	TBS(6)+HAP(3)+RV(3)+NDI(1)+ID(16)
	29
	0.36

	
	Part II 
(2 streams)
	TBS(2x6) + RV(2x3) + NDI(2x1) + HAP(6 to 8) + CRC(16)
	42-44
	0.53-0.55
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Annex A: Potential support for 64QAM

The same approach can be applied if potential support for 64QAM is to be added to the specification at this stage.

For example, with a total of 4 bits for signalling both the primary beam MS and the secondary beam MS/CCS, and including the possibility of 64QAM, the combinations of modulation scheme and number of codes shown in Table A1 could be signalled:

	Modulation on Primary Beam
	Modulation on Secondary Beam
	Number of codes on primary beam
	Number of codes on secondary beam
	Signalled value for primary beam MS and secondary beam MS/CCS

	64QAM
	64QAM
	X
	X
	1111

	64QAM
	16QAM
	X
	X
	1110

	64QAM
	QPSK
	X
	X
	1101

	64QAM
	QPSK
	X
	Given by Table 2
	1100

	64QAM
	QPSK
	X
	Given by Table 4
	1011

	64QAM
	QPSK
	X
	1
	1010

	16QAM
	16QAM
	X
	X
	1001

	16QAM
	QPSK
	X
	X
	1000

	16QAM
	QPSK
	X
	Given by Table 2
	0111

	16QAM
	QPSK
	X
	Given by Table 4
	0110

	16QAM
	QPSK
	X
	1
	0101

	QPSK
	QPSK
	X
	X
	0100

	QPSK
	QPSK
	X
	Given by Table 2
	0011

	QPSK
	QPSK
	X
	Given by Table 4
	0010

	QPSK
	QPSK
	X
	1
	0001


Table A1: Signalling number of codes with 4 bits for primary beam MS and secondary beam MS/CCS 

This enables the complete range of transport block sizes to be sent on both beams without requiring any more signalling bits than the 2 bits per beam that have been proposed for signalling the modulation schemes allowing for 64QAM. 

For specification releases prior to the inclusion of 64QAM, the first 5 entries of Table A1 could be marked “for future use”. 

Other solutions may be possible, for example, if the use of 64QAM on the primary beam is indicated by an additional 1 bit flag. However, this would be less efficient than the scheme in Table A1. 

� Note that using 3 bits would allow a ratio of transport block size between primary and secondary beams of up to about 24, while 4 bits would allow full flexibility. 





