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1. Introduction
In [1] a bit representation and coding format is proposed for Part II of the HS-DPCCH. The main features of this proposal are the following:

· Joint encoding of antenna weight information (AWI) and CQI value(s) using 10 bits.
· 5 bit resolution for single-stream CQI reports (same as Release 5).

· ~4 bit resolution per stream for dual-stream CQI reports with 32 extreme CQI combinations disallowed.

· Support of SDMA only for users who prefer dual-stream transmission. Furthermore, only users who report orthogonal preferred primary precoding vectors (PPPV) are paired for SDMA.
· Implicit support of successive interference (SIC) receivers in combination with SDMA. This is allowed by distinguishing between four possible precoding configurations when dual-stream transmission is preferred, i.e., if W(1) = [w1, w3], W(2) = [w3, w1], W(3) = [w2, w4], W(4) = [w4, w2]. With SIC only, i.e., no SDMA, W(2) and W(4) are redundant.
While we agree with the general principles of this scheme, we propose modifying it such that the resolution for the single-stream and dual-stream CQIs is equalized. We believe that use of 5 bits (32 levels) for the single-stream CQI reports is excessive. In practice, the CQI estimation process is inherently noisy. Using too fine a granularity for the CQI step sizes (currently 1 dB) does not align well with the CQI estimation error observed in practice. Hence we suggest reducing the granularity to 15 levels (2 dB steps) for both single-stream and dual-stream CQIs. This still allows the reuse of existing Release 5 CQI tables by using only every second table entry.
2. Bit Representation for AWI and CQI
The number of possible precoding configurations for D-TxAA is 8 — 4 for single-stream transmission where any of the 4 closed-loop mode-1 weight vectors w1, w2, w3, w4 may be used, and 4 for dual-stream transmission where any of the four permutations W(1), W(2), W(3), or W(4) defined above can be used.
Let Q be the number of possible levels for each CQI that needs to be fedback to Node B via the HS-DPCCH. If single-stream transmission is preferred by the UE, there are thus 4Q possibilities for the joint mapping of the precoding vector preference and the associated single CQI. If dual-stream transmission is preferred, there are 4Q2 possibilities for the joint mapping of the precoding matrix preference and the two associated CQIs. Allowing for all possibilities to be selected and then signaled using k bits means that Q must satisfy the following relation
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Solving for Q results in
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Allowing k = 10 bits for the joint encoding of CQI and AWI means that Q may be no greater than 15. This means that the CQIs for both single-stream and dual-stream reports are quantized to 15 levels, thus achieving the goal of equalized granularity. Note that with the above values of k and Q, only 960 codewords out of total of 1024 will be used.

In Release 5, the CQI tables contain 30 entries, and the SINR step-size between table entries is approximately 1 dB.  Hence, use of Q = 15 for MIMO means that the granularity is exactly half of Release 5. This is attractive, since it means that the same CQI tables may be reused, except every 2nd entry should be eliminated resulting in an SINR step-size of 2 dB. This step-size aligns better with the CQI estimation error observed in practice.

For the case of dual-stream CQI reports, the combination of number codes and transport block size in the Release 5 CQI tables should be interpreted by Node B only as an indication of coding rate. The actual number of spreading codes should be chosen by Node B based on available resources, amount of data in queue, etc.. Assuming a symmetric code allocation, the chosen number of codes should be used for both streams, regardless of the values indicated by the per-stream CQI values.
Table 1 illustrates a proposed bit representation for the joint mapping of AWI and CQI(s) using k = 10 bits and Q = 15 quantization levels for the CQI(s).
Table 1 Proposed payload for Part II of HS-DPCCH

	index
	PPPVI
	CQI(s)
	Used For

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	15 possible CQI values, 
single stream transmission,
PPPV #1

	2
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
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	15
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	

	16
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	225 possible CQI combin., 
dual stream transmission, PPPV #1 & orthogonal PV

	17
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	

	
[image: image4.wmf]M


	

	240
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	

	241
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	15 possible CQI values, 

single stream transmission,

PPPV #2

	242
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
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	255
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	

	256
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	225 possible CQI combin., 

dual stream transmission, PPPV #2 & orthogonal PV

	257
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0
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	480
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	

	481
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	15 possible CQI values, 

single stream transmission,

PPPV #3

	482
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
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	495
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	

	496
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	225 possible CQI combin., 

dual stream transmission, PPPV #3 & orthogonal PV

	497
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
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	720
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	

	721
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	15 possible CQI values, 

single stream transmission,

PPPV #4

	722
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
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	735
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	

	736
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	225 possible CQI combin., 

dual stream transmission, PPPV #4 & orthogonal PV

	737
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0
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	960
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	

	
	Selects PPPV
out of a set of 4
available vectors
	
	Note: 
PV = Precoding Vector 
PPPV = Preferred Primary PV
PPPVI = PPPV indicator


The first 2 bits represent the preferred primary precoding vector (4 possibilities), i.e., the precoding weights for the first stream. In the case of a dual-stream CQI report, the precoding vector for the second stream is implicitly defined. The next 4 bits represent the CQI for stream #2 and the last 4 bits represent the CQI for stream #1. Each CQI is represented by 4 bits, but only 15 levels are actually used (binary 0001 – 1111). With Q = 15, only 960 AWI/CQI combinations are defined. With 10 bits, it is possible to handle 1024 combinations, meaning that 64 combinations are unused.
For the case of a single-stream CQI reports, the CQI for stream #2 is represented as all zeros. Hence, these bits may be used as an implicit indicator of the number of preferred streams. For the case of dual-stream CQI reports, the ordering of the CQIs is important if SIC is used in conjunction with SDMA. For this case, we propose the following convention: the CQI for stream #1 corresponds to the first stage of SIC and that for stream #2 corresponds to the second stage, where interference from the stream #1 has been canceled. In this way, Node B can configure pairs of users who report orthogonal PPPVs. Moreover, it knows to utilize the stream #1 CQIs for selecting transmission rates since those CQIs are computed assuming code-reuse interference from a second stream (regardless of the intended user for the 2nd stream).
3. Coding Format for AWI and CQI

With SF = 256, there are 20 coded bits in Part II of the HS-DPCCH available for jointly encoding AWI and CQI. Hence a (20,10) block code is required. We propose an optimal code with minimum distance 6. The AWGN channel performance of the proposed code is illustrated in Figure 1. In this plot, the performance is compared to the Part II code defined in Releases 5, i.e., a (20,5,8) code based on the 1st Reed-Muller (16,5,8) code.
To maintain a 1% codeword error rate, the power control target should be raised by 2.4 dB compared to the Release 5 code.
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Figure 1  Codeword error rates of the proposed (20,10,6) HS-DPCCH Part II code and the (20,5,8) Release 5 Part II code. Spreading factor of 256 is assumed.
While Figure 1 plots the codeword error rate vs. the SNR per coded bit, Figure 2 plots the codeword error rate vs. the SNR per information bit. Interestingly, the proposed (20,10) code has 0.5 dB better performance at 1% codeword error rate than the (20,5) Reed-Muller code used for Release 5, even with a payload twice as large.
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Figure 2  Same codeword error rates as Figure 1 plotted against SNR per information bit.

4. Summary and conclusions

In summary, we propose the following:

· Equalize the granularity of the single and dual-stream CQI reports to 15 quantization levels. 

· Jointly represent the AWI and CQI(s) using 10 bits.

· Jointly encode the AWI and CQI(s) using an optimal (20,10) code with minimum distance 6. This coding format requires approximately 2.4 dB more power at the same error rate compared to the (20,5) Reed-Muller code used to encode a single CQI in Release 5.

· Reuse the Release 5 CQI tables for both single- and dual-stream CQI reports, except eliminate every 2nd entry. This results in an SINR step size of 2 dB which aligns better with the CQI estimation error observed in practice. For dual-stream CQI reports, interpret the combination of transport block size and number of codes only as an indication of coding rate for each stream. Assuming a symmetric code allocation, the actual number of used codes for each stream should be the same and be determined by Node B based on available resources.
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