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1 Introduction

In RAN1#45 and RAN#32, it was agreed that the MIMO scheme for Rel-7 would be a dual-codeword MIMO scheme based on D-TxAA, with the antenna weights being signalled on the HS-SCCH [1].

It is now necessary to define the remaining details of this scheme. In this paper we discuss some details of the HS-SCCH signalling. 

2 Terminology

We use the term “primary beam” for the beam that is formed on the basis of the UE feedback. The beam that is formed using an orthogonal weight vector to that of the first beam is referred to as the “secondary beam”. 

3 HS-SCCH structure

In principle, the two codeword transmissions in D-TxAA can be considered independently, which might suggest the use of two independent HS-SCCHs. 

One possibility could be to transmit an HS-SCCH on each beam. However, this would be likely to result in poor quality for the HS-SCCH for the second beam. As the HS-SCCH signalling needs to be reliable, this is not an attractive possibility. 

In Release 5, the HS-SCCH uses only STTD, as closed loop mode 1 was shown to degrade performance. This suggests that beamforming is not suitable for the HS-SCCH signalling for D-TxAA.

Therefore we propose that the signalling information for both beams is encoded into a single new-format HS-SCCH, transmitted from both antennas using STTD.

Note that this structure also has the benefit that it is not necessary to consider error cases when the UE detects a packet transmission on one beam but not the other; as the HS-SCCH is CRC-protected, the UE should either detect the presence of both transmissions or neither. 

4 HS-SCCH information content 

4.1 Antenna weights

If the codebook remains as in closed loop mode 1, 2 bits are needed per TTI to indicate the identity of the primary beam weight vector. No signalling is needed for the secondary beam, as the weight vector is to be defined with a one-to-one mapping from the primary beam vector. Note that more than 2 bits would be required if a larger codebook is found to be beneficial. 

4.2 HARQ process ID

As discussed in [2], we assume that as the D-TxAA scheme is dual-codeword, each of the two beams will have its own CRCs. We therefore assume that, in any given sub-frame, a different HARQ process will be operating on each of the two beams as long as two codewords are being transmitted in parallel. Each codeword would use independent retransmissions.  

It is necessary to consider how many HARQ processes need to be supported. HSDPA currently supports up to 8 processes, but only 5 are actually needed in order to ensure full utilisation of the HS-DSCH for a single UE.

We assume that the decoding time available to the UE for each HS-DSCH packet would be unchanged from Rel-5 (i.e. approx 7.5 timeslots). This means that a UE operating at peak rate with two MIMO codewords would have at least twice as many decoding operations to perform per subframe as a Rel-5 UE. 

Under these assumptions, the minimum number of HARQ processes that need to be supported for a dual-codeword MIMO scheme is 10. 

Note that the same HARQ process would not be able to be active on both beams simultaneously. 

The HS-SCCH for D-TxAA then needs to be able to signal the identity of the HARQ process that is active on each beam. For a total of N processes (minimum 10), full flexibility would require the ability to signal N+1 values (one of N processes or none) for the primary beam, and N values (one of N-1 processes or none) for the secondary beam – i.e. a total of N(N+1) values. For 10 processes, this results in 110 values, requiring 7 HARQ process ID signalling bits on the HS-SCCH; 16 processes would require 9 bits.

It is useful to consider what restrictions can be applied in order to reduce the amount of signalling required. A reasonable simplification would be to allocate a subset of the available HARQ processes to each beam – for example, processes 0 – 4 to the primary beam and processes 5 – 9 to the secondary beam. The number of values that need to be signalled on the HS-SCCH would reduce from N2+N to (N/2)2+N – i.e. 35 when N=10, requiring 6 bits. 

As discussed in [2], in subframes when only one codeword (HARQ process) is transmitted, it makes sense to transmit it using the strongest beam – assumed to be the primary beam. The above discussion of the number of signalling bits required is not affected by such a stipulation, as shown in the following example list of possible signalling combinations in Table 1:

Table 1: Example signalling values for HARQ ID combinations

	Combination number 
(signalled on HS-SCCH)
	HARQ process ID on 

primary beam
	HARQ process ID on 
secondary beam

	0
	0
	5

	1
	0
	6

	2
	0
	7

	3
	0
	8

	4
	0
	9

	5
	1
	5

	6
	1
	6

	7
	1
	7

	8
	1
	8

	9
	1
	9

	10
	2
	5

	11
	2
	6

	12
	2
	7

	13
	2
	8

	14
	2
	9

	15
	3
	5

	16
	3
	6

	17
	3
	7

	18
	3
	8

	19
	3
	9

	20
	4
	5

	21
	4
	6

	22
	4
	7

	23
	4
	8

	24
	4
	9

	25
	0
	None

	26
	1
	None

	27
	2
	None

	28
	3
	None

	29
	4
	None

	30
	5
	None

	31
	6
	None

	32
	7
	None

	33
	8
	None

	34
	9
	None


We therefore propose that 6 bits are used for indicating the HARQ process ID on each beam, which would be suitable for a maximum of 5 – 7 HARQ processes per beam. 

4.3 Channelisation code set (CCS)

To support the possibility of SIC we propose that the identity of the first channelisation code should be the same for both beams.  However, in order to allow sufficient flexibility in rate, the number of codes used on the secondary beam could be different to the primary beam. Using the same coding scheme as in Rel-5 (which uses 4 bits to indicate the starting code and 3 bits to indicate the number of codes), the number of codes used for the secondary beam could then be signalled with a maximum of 3 more bits. 

In practice, it may not be necessary to allow full flexibility for number of codes used on the secondary beam. For example, it seems reasonable to assume that the rate available on the secondary beam is typically lower than on the primary beam. Therefore differential coding of the number of channelisation codes for the secondary beam should be possible (e.g. using 2 bits). Alternatively the CCS for the two beams could be jointly coded.

In general it seems undesirable to allow the CCS for different users to overlap, even if on different beams. Therefore the specification should include such a restriction.   

4.4 Modulation Scheme Indicator and Transport Block Size information

The modulation scheme and transport block size need to be independently signalled for each beam, as the rate of each beam should be controlled independently according to CQI reports received from the UE. CQI reporting for D-TxAA is discussed in more detail in [3]. Therefore the number of bits provided for these fields in general needs to be double the number in Rel-5. 

4.5 Redundancy/Constellation Version Indicator and New Data Indicator

A separate RV indicator and NDI bit needs to be provided for each beam, as the HARQ processes will operate independently as discussed in section 4.2 above. 

Conclusions

The information content of the HS-SCCH for D-TxAA has been discussed. 

We propose:

· The signalling information for both beams is encoded into a single new-format HS-SCCH, transmitted from both antennas using STTD. 

· 2 bits are needed per TTI to indicate the identity of the primary beam weight vector.

· 5 – 7 HARQ processes are available per beam (total 10 – 14 processes), and 6 bits are used for indicating the HARQ process IDs.

· 3  more HS‑SCCH bits are needed for the CCS than in Release 5 (i.e. for D-TxAA there should be 7 bits for the primary beam and 3 bits for the number of codes in the secondary beam). 

· For one UE, the identity of the first channelisation code should be the same for both beams.

· The CCS for different users should not be permitted to overlap, even if on different beams.

· The number of bits provided for signalling the modulation schemes and transport block sizes needs to be double the number in Rel-5 (i.e. total 14 bits for D-TxAA), in order to allow independent rate control for each beam. 

· A separate RV indicator and NDI bit needs to be provided for each beam. 

Under the assumptions used here, the total number of signalling bits required on the new-format HS-SCCH for D-TxAA is therefore 2+6+10+14+8 = 40 (plus the 16 bit CRC). (This compares to about 46 bits plus CRC that would be needed if the 21 bits in Rel-5 were simply doubled together with the addition of the MIMO-specific parts). 

Part 1 of the new HS-SCCH would require 10+2 = 11 bits, compared to 8 bits in Rel 5.

The detailed structure of the HS-SCCH to accommodate this signalling needs further study, but could be broadly based on that specified for Rel-5. 
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