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1
Introduction
Over the last few RAN WG1 meetings, cubic metric [5]-[7] and link budget impacts [8]-[9] were identified for the dual code HS-DPCCH design. In this contribution, we investigate the performance of a single code HS-DPCCH CQI design for DC-HSDPA using the legacy (20,10) channel encoder basis sequences that is also used for transmitting Type A CQI information for single carrier DL-MIMO configured UEs.
2
Summary of dual code HS-DPCCH CQI design
A baseline HS-DPCCH design for DC-HSDPA was recently agreed upon in RANWG1 [1]-[4]. The baseline design involves a dual code HS-DPCCH solution where the ACK/NACK and CQI bits for each carrier are encoded separately and are sent on 2 independent HS-DPCCH codes. Based on recent cubic metric [5]-[7] and link budget studies [8], [9] suggest a link budget impact on the uplink due to single uplink carrier operation in DC-HSDPA. The loss in performance is mainly due to cubic metric impact as high as 1.45 dB for ACK/NACK part and as high as 0.5dB for the CQI part and a 3dB increase in HS-DPCCH power. 

A few alternatives were proposed to solve the above issues related to transmitting 2 HS-DPCCH codes:

· When the UTRAN detects that a UE is headroom limited, the UTRAN de-activates one of the carriers via a HS-SCCH order. This method results in a significant loss in DL throughput. Furthermore, it is not clear how fast and reliably the UTRAN can detect the headroom limited situation.

· When the UTRAN detects that a UE is headroom limited, the UE and NodeB enter a new mode of operation “Dynamic Carrier Switching” via an HS-SCCH order. This method provides a significant improvement in DL throughput (~45% improvement) compared to the static activation/de-activation of the secondary carrier. . However, this method also relies on a reliable and robust method of detecting that the UE is headroom limited.
· As proposed in [11], when the UE detects HS-SCCH on only one carrier, it responds on only HS-DPCCH1. This solution leads to an ambiguity in carrier identity when the UE is scheduled on 2 carriers and it detects a single HS-SCCH. In that case, when it responds with an ACK or NACK, the NodeB does not know which carrier was being acknowledged and hence it re-transmits both transport blocks. Our analysis concludes a loss of between 4% to 6% in user throughput for the case of PA3, and 1Rx antenna, due to this ambiguity in carrier identity. This loss could vary further depending on the method used to set the HS-SCCH power.

· For the CQI part, a CQI feedback cycle = 2 TTI can be set, and a sub-frame offset could be applied to the CQI reporting pattern for one of the cells as proposed in [5],[12],[13], and [14]. 

· Furthermore, for CQI feedback cycle = 1TTI, [14] proposes to perform unequal power scaling of the two CQI channels. In the extreme, [14] proposes to drop either CQI1 or CQI2 when the CQIs differ a lot. 
In the subsequent sections, we investigate the link and rms error performance of the existing (20,10) code that is used to encode Type A CQI measurement reports, when a single carrier UE is configured for DL MIMO.
3
MIMO based single code HS-DPCCH CQI design
Table 1 lists the basis sequences that are used for channel encoding of Type A CQI reports in the case of DL MIMO. While DL MIMO required only 4 bits of CQI for each stream, and 2 bits of PCI, we propose to still use 5 bits of CQI per carrier.

The BER performance of this (20,10) code is illustrated in Figure 1, where we plot the BER of each of the 10 bits. As observed in Figure 1, the 3rd bit (a2) and the 7th bit (a6) are the least protected compared to the remaining bits. As a result, a design choice needs to be made as to which CQI bit to map to these two bits.
Tables 2 through 4 summarize 3 different mappings that were studied:

· Mapping A: The LSBs of each carrier are placed on a2 and a6 respectively.

· Mapping B: For each carrier, the CQI bits are mapped in ascending order.

· Mapping C: The MSBs of each carrier are placed on a2 and a6 respectively. This mapping was chosen to understand the impact due to providing less protection to the MSBs.
Table 1: Basis Sequences for channel encoding of CQI for DC-HSDPA (Same as DL-MIMO)

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
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Figure 1: BER performance of (20,10) CQI MIMO channel encoder 
Table 2: DC-HSDPA CQI Mapping A: Place LSBs in least protected positions

	MIMO Bits
	PCI1
	PCI2
	CQI0
	CQI1
	CQI2
	CQI3
	CQI4
	CQI5
	CQI6
	CQI7

	
	a0
	a1
	a2
	a3
	a4
	a5
	a6
	a7
	a8
	a9

	DC-HSDPA Bits
	CQI21
	CQI22
	CQI20
	CQI23
	CQI24
	CQI1
	CQI10
	CQI12
	CQI13
	CQI14


Table 3: DC-HSDPA CQI Mapping B: Natural ordering of CQI bits
	MIMO Bits
	PCI1
	PCI2
	CQI0
	CQI1
	CQI2
	CQI3
	CQI4
	CQI5
	CQI6
	CQI7

	
	a0
	a1
	a2
	a3
	a4
	a5
	a6
	a7
	a8
	a9

	DC-HSDPA Bits
	CQI20
	CQI21
	CQI22
	CQI23
	CQI24
	CQI0
	CQI11
	CQI12
	CQI13
	CQI14


Table 4: DC-HSDPA CQI Mapping C: Place MSBs in least protected positions

	MIMO Bits
	PCI1
	PCI2
	CQI0
	CQI1
	CQI2
	CQI3
	CQI4
	CQI5
	CQI6
	CQI7

	
	a0
	a1
	a2
	a3
	a4
	a5
	a6
	a7
	a8
	a9

	DC-HSDPA Bits
	CQI23
	CQI22
	CQI24
	CQI21
	CQI20
	CQI3
	CQI14
	CQI12
	CQI11
	CQI10


4
BLER performance of single code HS-DPCCH CQI

Figures 2 and 3 illustrate the BLER performance as a function of total HS-DPCCH symbol SNR in AWGN. The DL-MIMO based CQI mappings are compared to the dual code HS-DPCCH CQI encoding scheme. Figure 3 is a magnified version of Figure 2, where the SNR region varies from -2dB to 2dB. For each scheme, the y-axis represents the BLER of each CQI stream while the x-axis represents the total HS-DPCCH SNR.
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Figure 2: BLER of each CQI stream v/s total HS-DPCCH Es/No, dual code v/s single code HS-DPCCH
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Figure 3: BLER of each CQI stream v/s total HS-DPCCH Es/No, dual code v/s single code HS-DPCCH
As seen in Figure 3, the joint DL MIMO based encoding scheme provides a 0.75dB to 1.24 dB advantage over the dual code HS-DPCCH scheme. In essence, we are comparing the performance of a single (20,10) code compared to the performance of parallel transmission of two (20,5) codes. The minimum distance of each (20,5) code equals 9 while the minimum distance of the single (20,10) code equals 6.
5
RMS Error performance of single code HS-DPCCH CQI
Similar to the analysis performed in [15] and [16], we evaluate the rms error performance of the different CQI schemes. The expectation value of the rms error between the transmitted quality value and the decoded value at the receiver serves as a suitable metric to capture how well the MSB is protected on top of the quantization error introduced in quantizing the analogue CQI value. 

The analysis was performed under the following simulation assumptions:

· AWGN

· The analogue data has uniform pdf.

· It is uniformly quantized over 32 levels.

· The channel is binary symmetric with an uncorrelated error process with uniform bit-error probability.
· The RMS error at channel BER = 0.5 is normalized to 1.
Figures 5 and 6 (zoomed version of Figure 5) illustrate the rms error performance for the different DL-MIMO based CQI encoding schemes that were considered.  From these figures, we observe the following:
· The dual code HS-DPCCH offers the best rms error performance until an operating point of Es/No = 0dB.
· In the region of interest (Es/No > 0dB), DL MIMO based mappings A and B perform slightly better than the dual code HS-DPCCH solution.
[image: image4.emf]-15 -13 -11 -9 -7 -5 -3 -1 1 3 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Es/No (dB)

rms value

 

 

2Code rms

MIMO-CQI Map A

MIMO-CQI Map B

MIMO-CQI Map C

Quantization Error


Figure 4: RMS error v/s total HS-DPCCH Es/No
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Figure 5: RMS error v/s total HS-DPCCH Es/No, Magnified region
6
Design for CQI Feedback Cycle > 1 TTI
For CQI Feedback cycle > 1, with the introduction of a sub-frame offset for the CQI of the secondary HS-DSCH cell in [4], the existing dual code HS-DPCCH solution collapses to a single code HS-DPCCH solution where CQI1 and CQI2 are sent on HS-DPCCH1, in a TDM fashion. A comparable single code HS-DPCCH DL-MIMO based solution can also be achieved for CQI feedback cycle > 1 TTI can be achieved, if the CQI transmission is repeated in two consecutive TTIs, as shown in Figure 7 for the case when CQI feedback cycle = 2. The baseline scheme for CQI feedback cycle = 2 TTI that requires no repetition is shown in Figure 6. The repetition across two successive TTIs is necessary to recover the link performance gains observed in Figures 2 and 3.
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Figure 6: Baseline CQI transmission; CQI Feedback cycle = 2 TTI; Number of repetitions = 1
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Figure 7: DL MIMO Based CQI transmission; CQI Feedback cycle = 2 TTI; Number of repetitions = 2

7
CQI operation with CPC

When UL DTX is enabled, the CQI transmissions may have higher/lower priority when compared with DTX. In [4], CQI1 and CQI2 are assigned different codes when the feedback cycle is 1TTI and are transmitted in a TDM fashion when the feedback cycle >1TTI. As a result a number of cases arise when DTX is enabled on the uplink.

In the dual code scheme, when the CQI priority is higher than the Uplink DPCCH burst pattern, CQI1 and CQI2 are always transmitted on their respective codes or in TDM fashion. When the CQI priority is lower than the Uplink DPCCH burst pattern, the CQI’s are transmitted whenever the start of the transmission overlaps with a DPCCH transmission burst. Consequently, whenever the feedback cycle >1TTI, the CQI of only one of the carriers is reported. This could lead to inefficient carrier scheduling and power allocation whenever data transmission occurs.

The operation for the single code scheme is quite similar in the case where the feedback cycle is 1TTI. The composite CQI containing CQI1 and CQI2 using a (20,10) code is always transmitted when the CQI priority is higher and is selective transmitted when the transmission coincides with that of a DPCCH burst, when the CQI priority is lower. The link efficiency gains seen in Sections 4 and 5 hold true in this case.

When the feedback cycle > 1TTI, the composite CQI needs to be transmitted twice (across 2 TTI’s) in order to preserve the link efficiency gains as explained in Section 6. In this case, when the CQI priority is high, the operation is similar to that of the dual code scheme. However, when the CQI prority is low, there is an additional cost due to the necessary repetition of the composite CQI. This is shown in Figures 8 and 9. Note however, that the cost diminishes as the DRX cycle increases. 

[image: image8]
Figure 8: Baseline CQI transmission; CQI Feedback cycle = 2 TTI; Number of repetitions = 1; CQI_DTX_PRIO=0
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Figure 9: DL MIMO Based CQI transmission; CQI Feedback cycle = 2 TTI; Number of repetitions = 2; CQI_DTX_PRIO=0
Alternatively, the composite CQI could be transmitted without repetition whenever the priority is low. This is shown in Figure 10. In this case, while both CQI1 and CQI2 are transmitted and the DTX gains are preserved, there is a link efficiency loss when compared with the current dual-code scheme due to the loss of 3dB power in the extra transmission. This would in turn result in a link budget impact.

[image: image10]
Figure 10: DL MIMO Based CQI transmission; CQI Feedback cycle = 2 TTI; Number of repetitions = 1; CQI_DTX_PRIO=0
When examining the tradeoff between link budget and DTX gains, since the link budget is essentially limited by uplink coverage and taking into account the unlikeliness of dual carrier operation with low DRX cycles, we consider that maintaining the link efficiency gains to be the primary constraint when it comes to efficient CQI design. Therefore, we propose that the number of repetitions = 2 be maintained even when the CQI priority is lower than the Uplink DPCCH burst pattern
8
Conclusion

As an alternative to overcoming the cubic metric and link performance impact of the baseline dual code HS-DPCCH, a single code HS-DPCCH CQI encoding scheme based on the existing basis sequences used for CQI encoding for DL MIMO was studied.  This scheme is very promising from both a cubic metric point of view and an rms error performance point of view. 

As a result, we propose the following:

Proposal 1: For DC-HSDPA, for CQI feedback cycle = 1 TTI, we reuse the existing (20,10) channel encoding basis sequences that are currently used for Type A DL-MIMO CQI reports.

Proposal 2: For DC-HSDPA, for CQI feedback cycle > 1 TTI, we reuse the existing (20,10) channel encoding basis sequences that are currently used for Type A DL-MIMO CQI reports, and always repeat the CQI transmission by a factor of 2.
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