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1 Introduction

A work item on multi-flow (MF) HSDPA was started at RAN#53 plenary, enabling a UE to simultaneously receive data streams from multiple sectors. In contrast to the multi-carrier features previously specified within 3GPP - where all transmissions occur on the same sector - a multi-flow UE can receive data from different sectors possibly belonging to different sites. By transmitting independent transport blocks from different cells, user data rates in softer and soft handover (SHO) regions can be improved. It was agreed during RAN1#68 to employ a single HS-DPCCH, both for intra- and inter-NodeB MF-HSDPA, and several agreements related to HARQ-ACK reporting as well as CQI grouping were made during RAN1#68bis. In particular, it was agreed to re-use the Rel-9 DC-MIMO HS-DPCCH format for two cell multi-flow configurations when MIMO is enabled in at least one of the cells.

In this contribution, we consider the inter-NodeB SF-DC scenario, where one NodeB does not necessarily have knowledge about the number of streams employed by the other NodeB participating in the multi-flow operation. We propose a new codebook taking this fact into account and optimize for rank1 transmission. A numerical evaluation is provided and the codebook performance as well as total error performance is compared to the codebook proposed in [1].
2 HARQ-ACK Codebook for MF-HSDPA
It was agreed during RAN1#68 and RAN1#68bis to re-use the DC-MIMO HS-DPCCH format for 2 cell multi-flow operation and the 4C-HSDPA HS-DPCCH format for more than 2 cells. When designing the codebooks for DC-MIMO and 4C-HSDPA, it was assumed that all cells reside in the same sector. However, this in not necessarily the case in MF-HSDPA, as the cells may belong to different sectors which in turn may belong to different sites. In such scenarios, the different sites are unaware what the other site schedules. Hence, care needs to be taken when agreeing on the HARQ-ACK codebooks to be used for multi-flow. In the following section, we discuss the codebook design for the inter-NodeB SF-DC MF-HSDPA scenario with MIMO enabled in at least one of the cells.

2.1 SF-DC MF-HSDPA with MIMO
For a configuration with two cells with MIMO, a maximum of four streams need to be acknowledged. Three different HARQ-ACK messages are possible for each stream: ACK, NACK and DTX. Each site can schedule one or two streams. Each NodeB can use knowledge about the number of own scheduled streams in the decoding process, but is unaware of the number of streams scheduled by the other NodeB in an inter-NodeB configuration. 
It was agreed during RAN1#68bis to use a SF256 solution (similar to multi-carrier Rel-9) rather than a SF128 based approach. One difference between MF-HSDPA and Rel-9 multi-carrier is that for inter-NodeB MF-HSDPA, each site is unaware of what the other site schedules. Such scheduling knowledge was indeed explored in the Rel-9 multi-carrier HARQ-ACK codebook design. Table 1 shows the different codeword combinations needed in the decoding process for different scheduling options. By exploring the properties of this table, a new codebook is derived and presented in Section 6 (the Appendix). Design principles for this codebook include:
· Each NodeB can use the information about the number of own scheduled streams in the decoding process, i.e. if an HS-SCCH is detected then it is very likely that the correct information is decoded.

· From Table 2 we see that several messages use the same codeword. For example, A/A, A/AA and AA/A use the same codeword. Hence, in the decoding process, the NodeB needs to take the number of own scheduled streams into consideration by including the appropriate codewords in the decoding process; see also Table 1.

· Note that some codewords appear in several groups. For example, the codeword A/D appears in three groups; site-1 schedules 1 stream, site-2 schedules 1 stream and site-2 schedules 2 streams.

· All codewords are taken from a common codebook with minimum Hamming distance four. Hence, every combination of codewords will have a minimum Hamming distance larger than or equal to four.

· The performance for single stream scheduling is optimized such that the distance between N/A and A/A, A/N, A/D, A/AN, A/NA is larger than or equal to six. Similarly, the distance between A/N and A/A, N/A, D/A, AN/A, NA/A is also larger than or equal to six. This is beneficial since these error events cause RLC retransmissions. Also, in general, A/N or N/A are the most frequent “worst case” codewords (compared to e.g. N/N) since a typical network operates at a rather large ACK rate, e.g. 90% of the initial transmissions are ACKed. 

· Legacy POST/PRE codewords are supported, i.e. the minimum Hamming distance is still four if POST and PRE codewords are included.

The proposed codebook is further evaluated in the next section.
Table 1
Codewords needed in the decoding process for different scheduling choices. S1 denotes site-1 and S2 denotes site-2.
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3 Performance Evaluation

In this section, we evaluate the performance of the proposed HARQ-ACK codebook and compare it to the codebook proposed in [1]. 

We consider an AWGN scenario with a maximum likelihood sequence detector at the receiver (NodeB) side. Consequently, the received signal is correlated with all possible codewords, and the maximum metric determines the candidate codeword. Furthermore, in this evaluation, if the maximum metric is larger than a detection threshold T, the candidate codeword is considered to be a valid codeword. If not, the transmission is considered to be DTX. The threshold T is assumed to be proportional to the noise variance, and the proportional constant is determined by assuming a fixed false alarm probability PFA. Here, we choose T such that the false alarm probability PFA = 0.01, and assume that perfect knowledge of the noise variance is available. The threshold T may be different for different ACK/NACK setups since it depends on the code length as well as the number of codewords in the codebook. The following performance metrics are considered:
· Codebook performance, i.e. decoding error given no detector: The probability that an incorrect codeword is found in the decoding process given that no detector is used.
· Total error probability: The probability that the detector declares DTX or finds the wrong codeword given that a transmission occurred.
Figure 1 and Figure 2 show the ACK/NACK performance for site-1 in a scenario where both NodeBs schedule single stream transmission, which means that the codewords listed in Table 1 Site-1 schedules 1 stream (+POST/PRE) are included in the decoding process. Figure 3 and Figure 4 show the ACK/NACK performance for site-1 in a scenario where both NodeBs schedule dual stream transmission, which means that the codewords listed in Table 1 Site-1 schedules 2 streams (+POST/PRE) are included in the decoding process. Red curves correspond to the proposed codebook in this contribution while the blue curves correspond to the codebook suggested in [1]. The legends in the figures have the following meaning: ‘Weighted’ – shows the performance given the following a priori probabilities of ACK, NACK and miss detection of the HS-SCCH; P(ACK) = 0.9, P(NACK) = 0.1 and P(missed HS-SCCH detection) = 0.01; ‘Worst’ – shows the performance for the worst codeword in the codebook; ‘RLC’ – shows the RLC retransmission probability given the same a priori probabilities as used for ‘Weighted’. 
From the simulations, we observe the following:

· For single stream transmission, the proposed codebook (see Table 2 in the Appendix) results in better performance compared to the codebook proposed in [1], whereas the codebook proposed in [1] is slightly better than the proposed codebook for dual stream transmission. However, scenarios where UEs employ two receive antennas are by far more common than those when UEs employ four receive antennas, hence rank1 transmission is more common than rank2 transmission.
· The use of POST/PRE can increase the performance significantly since the detection performance limits the overall performance. This is particularly true for single stream transmissions where you loose roughly 1-2dB due to too poor detection performance. Hence, for SF-DC MF-HSDPA with MIMO it is beneficial to have a codebook that supports POST and PRE operation with good performance. 
Proposal: For inter-NodeB SF-DC MF-HSDPA, use the codebook outlined in the Appendix.
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Figure 1: Results showing the codebook performance – decoding error probability given that no detector is used. The results represent a scenario where both NodeBs schedule single stream transmission. Red curves correspond to the proposed codebook (see Table 2 in the Appendix) and blue curves correspond to the codebook proposed in [1].
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Figure 2: Results showing the total error performance. The results represent a scenario where both NodeBs schedule single stream transmission. Red curves correspond to the proposed codebook (see Table 2 in the Appendix) and blue curves correspond to the codebook proposed in [1].
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Figure 3: Results showing the codebook performance – decoding error probability given that no detector is used. The results represent a scenario where both NodeBs schedule dual stream transmission. Red curves correspond to the proposed codebook (see Table 2 in the Appendix) and blue curves correspond to the codebook proposed in [1].
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Figure 4
: Results showing the total error performance. The results represent a scenario where both NodeBs schedule dual stream transmission. Red curves correspond to the proposed codebook (see Table 2 in the Appendix) and blue curves correspond to the codebook proposed in [1].
4 Conclusion
For inter-NodeB SF-DC MF-HSDPA operation with MIMO enabled in at least one of the cells, the Rel-9 multi-carrier codebook cannot be adopted in a straight forward way. This is because the NodeBs participating in multi-flow operation do not necessarily have knowledge about the number of streams employed by the other NodeB. Further, for scenarios where UEs employ two receive antennas, rank1 transmission is more likely to occur than rank2 transmission. Herein, a codebook taking all this into consideration is proposed and its performance shows clear benefits compared to that proposed in [1]. Hence, we propose the following:
Proposal: For inter-NodeB SF-DC MF-HSDPA, use the codebook outlined in the Appendix.
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6 Appendix

Table 2
HARQ-ACK codebook.

	
	HARQ-ACK message to be transmitted

Cell A / Cell B
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	1
	A/D
AA/D
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1

	2
	N/D
NN/D
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1

	3
	AN/D
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0

	4
	NA/D
	0
	0
	0
	1
	0
	1
	1
	0
	1
	1

	5
	D/A
D/AA
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	6
	D/N
D/NN
	0
	0
	1
	0
	1
	0
	0
	0
	0
	1

	7
	D/AN
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0

	8
	D/NA
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1

	9
	A/A

A/AA

AA/A

AA/AA
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0

	10
	A/N

A/NN

AA/N

AA/NN
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1

	11
	N/A

N/AA

NN/A

NN/AA
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1

	12
	N/N

N/NN

NN/N

NN/NN
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0

	13
	A/AN
AA/AN
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1

	14
	A/NA
AA/NA
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0

	15
	N/AN
NN/AN
	0
	1
	0
	1
	0
	0
	0
	0
	0
	1

	16
	N/NA
NN/NA
	1
	1
	1
	0
	1
	0
	0
	0
	1
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	17
	AN/A
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	1
	1
	0
	1
	0
	0
	1
	0
	1
	0

	18
	AN/N
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	0
	1
	1
	0
	0
	0
	1
	0
	0
	0

	19
	NA/A
NA/AA
	0
	0
	1
	0
	1
	0
	1
	1
	1
	0

	20
	NA/N
NA/NN
	0
	1
	0
	0
	1
	1
	0
	0
	1
	1

	21
	AN/AN
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1

	22
	AN/NA
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0

	23
	NA/AN
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1

	24
	NA/NA
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0


