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1
Introduction
This contribution is a modification of R1-083539. A slight modification has been made to the References section and the references have been updated elsewhere in the document. Also, some figure numbers have been corrected.

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 ACK/NACK design for DC-HSDPA using existing code words used to channel encode ACK/NACK/PRE/POST codes for single carrier DL-MIMO configured UEs.
.
2
Summary of dual code HS-DPCCH ACK/NACK 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 [10], 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.

3
DL-MIMO based single code HS-DPCCH ACK/NACK design
In this section, we consider two single code HS-DPCCH ACK/NACK design options using existing HS-DPCCH ACK/NACK code words that are used for DL-MIMO. Both these options do not lead to any ambiguity with regard to carrier identity nor any ambiguity if the response was a DTX or a NACK.
· Option 1: Complete reuse of HS-DPCCH ACK/NACK code words used for DL MIMO.
· HS-DPCCH preamble/postamble mode is disallowed.
· Reuse PRE/POST code words to feedback DTX+ACK and DTX+NACK respectively, when the UE detects a single scheduled transport block on the secondary serving HS-DSCH cell.
· UE transmits with power 2P on the single HS-DPCCH code.
· Option 2: Extend DL MIMO HS-DPCCH ACK/NACK code book from 8 code words to 10 code words.
· Allow for support of optional HS-DPCCH preamble and postamble mode.
· Add 2 more code words to support feedback of  DTX+ACK and DTX+NACK respectively, when the UE detects a single scheduled transport block on the secondary serving HS-DSCH cell
· UE transmits with power 2P on the single HS-DPCCH code.
Tables 1 and 2 list the different code words required for the above options. Table 1 is identical to the DL MIMO code words defined in [11], while Table 2 contains all the DL MIMO code words and an additional 2 code words (highlighted in yellow).
Table 1: Single Code Option 1: Complete Reuse of MIMO code words, PRE/POST disallowed

	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell

	ACK
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	NACK
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0

	HARQ-ACK when UE detects a single scheduled transport block on each of the serving and secondary serving HS-DSCH cells

	Response to primary transport block
	Response to secondary transport block
	

	ACK
	ACK
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	ACK
	NACK
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NACK
	ACK
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	PRE/POST indication

	NONE


Table 2: Single Code Option 2: MIMO code words + 2 additional code words, PRE/POST allowed 

	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell

	ACK
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	NACK
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0

	HARQ-ACK when UE detects a single scheduled transport block on each of the serving and secondary serving HS-DSCH cells

	Response to primary transport block
	Response to secondary transport block
	

	ACK
	ACK
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	ACK
	NACK
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NACK
	ACK
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	PRE/POST indication

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


4
Euclidean distance analysis of dual code HS-DPCCH

Figures 1 and 2 illustrate the constellation diagrams for the agreed upon dual code HS-DPCCH scheme (Case A) and it’s variant (Case B) respectively. Tables 3 and 4 summarize the squared euclidean distance for Case A and Case B respectively.  In the following we describe each constellation diagram in more detail:
Case A: Dual code HS-DPCCH scheme

· The total available power ratio on the HS-DPCCH = 2P.

· The UE transmits with HS-DPCCH/DPCCH power ratio P on HS-DPCCH1and with HS-DPCCH/DPCCH power ratio P on HS-DPCCH2.

· If the UE transmits on a single HS-DPCCH code, then the total HS-DPCCH/DPCCH power ratio consumed equals P and the remaining power ratio P is unused.

· If the UE transmits on both HS-DPCCH, then the total HS-DPCCH/DPCCH power ratio consumed equals 2P.

· The green circles correspond to the case when the UE detects a single scheduled transport block on the serving HS-DSCH cell, i.e. the UE transmits on HS-DPCCH1.
· The blue circles correspond to the case when the UE detects a single scheduled transport block on the secondary serving HS-DSCH cell, i.e. the UE transmits on HS-DPCCH2.
· The red circles correspond to the case when the UE detects a single scheduled transport block on each of the serving and secondary serving HS-DSCH cells.
· The black circle corresponds to the case when the NodeB scheduled the UE on at least one carrier, and the UE failed to detect the HS-SCCH on any carrier. We refer to this hypothesis as the DTX hypothesis.
· When the NodeB schedules the UE on a single carrier, then it either expects to receive either the blue circles or the green circle and the black circle. In this case, the dominant errors are

· False Alarm: DTX( ACK or DTX(NACK

· Missed detection: ACK(DTX or NACK( DTX
· The Euclidean distance between ACK or NACK and DTX is 10P.

· When the NodeB schedules the UE on both carriers, then it expects to receive any of the 9 points in the constellation diagram in Figure 1. In this case, the error events  are:

· False Alarm: DTX( any of the 8 circles (red, blue, green)

· Missed Detection: Any of the 8 code words ( DTX

· Wrong Decoding:  Any of the 8 code words ( Other 7 code words
· This error event is more likely than the missed detection error event. For example,  ACK+ACK is more likely to be detected as DTX+ACK or ACK+DTX (squared euclidean distance = 10P), as compared to missed detection (squared euclidean distance to DTX hypothesis = 20P). 
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Figure 1: Constellation diagram for dual code HS-DPCCH scheme (Case A)
Table 3: Pair-wise Euclidean distance between code words for dual code HS-DPCCH scheme, Case A

	
	DTX
	A+D
	N+D
	A+A
	A+N
	N+A
	N+N
	D+A
	D+N

	DTX
	
	10
	10
	20
	20
	20
	20
	10
	10

	A+D
	10
	
	40
	10
	10
	50
	50
	20
	20

	N+D
	10
	40
	
	50
	50
	10
	10
	20
	20

	A+A
	20
	10
	50
	
	40
	40
	80
	10
	50

	A+N
	20
	10
	50
	40
	
	80
	40
	50
	10

	N+A
	20
	50
	10
	40
	80
	
	40
	10
	50

	N+N
	20
	50
	10
	80
	40
	40
	
	50
	10

	D+A
	10
	20
	20
	10
	50
	10
	50
	
	40

	D+N
	10
	20
	20
	50
	10
	50
	10
	40
	


Case B: Modified Dual code HS-DPCCH scheme

· This scheme is almost identical to the baseline dual code HS-DPCCH scheme, except that when the UE transmits on a single HS-DPCCH code , it is allowed to transmit with power 2P.
· In this case, the NodeB receiver is an 8-PSK detector.

· Due to the doubling of power from P to 2P, when the UE transmits on a single HS-DPCCH code, the squared euclidean distance doubles with respect to the DTX hypothesis, leading to improved protection (3dB improvement) against the DTX hypothesis.

· However, in the case when the UE transmits on both codes, the distance w.r.t. the nearest neighbor slightly increases from 10P to 11.7P. Hence we expect a slight improvement in error performance when 2 HS-DPCCH codes are transmitted.
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Figure 2: Constellation diagram for modified dual code HS-DPCCH scheme (Case B)
Table 4: Pair-wise Euclidean distance between code words for dual code HS-DPCCH scheme, Case B

	
	DTX
	A+D
	N+D
	A+A
	A+N
	N+A
	N+N
	D+A
	D+N

	DTX
	
	20
	20
	20
	20
	20
	20
	20
	20

	A+D
	20
	
	80
	11.7
	11.7
	68.3
	68.3
	40
	40

	N+D
	20
	80
	
	68.3
	68.3
	11.7
	11.7
	40
	40

	A+A
	20
	11.7
	68.3
	
	40
	40
	80
	11.7
	68.3

	A+N
	20
	11.7
	68.3
	40
	
	80
	40
	68.3
	11.7

	N+A
	20
	68.3
	11.7
	40
	80
	
	40
	11.7
	68.3

	N+N
	20
	68.3
	11.7
	80
	40
	40
	
	68.3
	11.7

	D+A
	20
	40
	40
	11.7
	68.3
	11.7
	68.3
	
	80

	D+N
	20
	40
	40
	68.3
	11.7
	68.3
	11.7
	80
	


5
Euclidean distance analysis of single code HS-DPCCH
For the case when a single code HS-DPCCH (Option 1 or 2) is used, the constellation is multi-dimensional. Figure 3 is a conceptual diagram that depicts the Euclidean distance from any of the 8 code words (red circles) to the DTX hypothesis (black circle) to equal 20P. This is because we assume that the UE always transmits with power P in either of options 1 and 2. Figure 3 applies to both options 1 and 2 since we are assuming the use of 8 code words in either case. Tables 5 and 6 summarize the Euclidean distance between the code words for Option 1 and Option 2 respectively.
In either option:

· When the UE is scheduled on one carrier, the error events are:
· False Alarm: DTX(ACK or DTX(NACK
· Missed Detection: ACK(DTX or NACK(DTX
· When the UE is scheduled on both carriers, the error events are:

· False Alarm: DTX( Any of the 8 code words
· Missed Detection: Any of the 8 code words ( DTX
· This is more likely, since the Euclidean distance w.r.t DTX hypothesis is the minimum (20P).

· Wrong Decoding: Any of the 8 code words( Other 7 code words.
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Figure 3: Constellation Diagram for single code HS-DPCCH scheme, Option 1 and 2
Table 5: Pair-wise Euclidean distance between code words for single code HS-DPCCH scheme, Option 1

	
	DTX
	A+D
	N+D
	A+A
	A+N
	N+A
	N+N
	D+A
	D+N

	DTX
	
	20
	20
	20
	20
	20
	20
	20
	20

	A+D
	20
	
	80
	24
	24
	24
	56
	56
	56

	N+D
	20
	80
	
	56
	56
	56
	24
	24
	24

	A+A
	20
	24
	56
	
	48
	48
	48
	48
	48

	A+N
	20
	24
	56
	48
	
	48
	48
	48
	48

	N+A
	20
	24
	56
	48
	48
	
	48
	48
	48

	N+N
	20
	56
	24
	48
	48
	48
	
	48
	48

	D+A
	20
	56
	24
	48
	48
	48
	48
	
	48

	D+N
	20
	56
	24
	48
	48
	48
	48
	48
	


Table 6: Pair-wise Euclidean distance between code words for single code HS-DPCCH scheme, Option 2

	
	DTX
	A+D
	N+D
	A+A
	A+N
	N+A
	N+N
	D+A
	D+N

	DTX
	
	20
	20
	20
	20
	20
	20
	20
	20

	A+D
	20
	
	80
	24
	24
	24
	56
	32
	32

	N+D
	20
	80
	
	56
	56
	56
	24
	48
	48

	A+A
	20
	24
	56
	
	48
	48
	48
	40
	40

	A+N
	20
	24
	56
	48
	
	48
	48
	40
	40

	N+A
	20
	24
	56
	48
	48
	
	48
	40
	40

	N+N
	20
	56
	24
	48
	48
	48
	
	40
	40

	D+A
	20
	32
	48
	40
	40
	40
	40
	
	48

	D+N
	20
	32
	48
	40
	40
	40
	40
	48
	


6 Link Analysis of single code HS-DPCCH
Table 7 lists the simulation assumptions performed in the link study. In the following, there are 3 curves plotting the total probability of missed detection or decoding error against total available HS-DPCCH power ratio for each channel type:
· Top left figure:

· UE is scheduled on a single carrier.

· Dual HS-DPCCH scheme uses only half the available power on each HS-DPCCH code (Case A).

· Top right figure:

· UE is scheduled on both carriers.

· Dual HS-DPCCH scheme uses only half the available power on each HS-DPCCH code (Case A).
· Bottom left figure:
· UE is scheduled on a single carrier.

· Dual HS-DPCCH scheme uses all the available power on a single HS-DPCCH code (Case B).
Table 7: Simulation Assumptions

	Parameters
	Settings

	Channel type
	AWGN, PA3, PB3, VA30, VA120

	TBS [bits]
	256

	(βed)2/(βc)2 [dB]
	2.92 dB

	Maximum number of H-ARQ Transmissions
	4

	Target number of H-ARQ Transmissions
	4

	Target BLER
	1%

	Power control
	On

	Channel Estimation
	Realistic

	Number of receive antennas
	2

	Pr[DTX(ACK]
	0.1%


Figures 4 through 6 illustrate the performance in AWGN. The plots for the remaining channels can be found in the Annex.
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Figure 4: NodeB schedules UE on a single carrier, dual-code (Case A), AWGN
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Figure 5: NodeB schedules UE on a single carrier, dual-code (Case B), AWGN
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Figure 6: NodeB schedules UE on two carriers, dual-code (Case A), AWGN

7
Reliability of NACK+ACK codeword


As seen in Table 6, the squared Euclidean distance between the NACK+ACK code word and the ACK+DTX code word is 24 for the single code HS-DPCCH (Option 2) case while the squared Euclidean distance between N+D and A+D in Table 3 is 40 for the dual code HS-DPCCH case. In this section we investigate the error performance when NACK +ACK code word is transmitted for the single code HS-DPCCH case (Option 2). 
Figure 7 illustrates the performance in AWGN. The following performance curves are plotted for a target false alarm rate of 0.1%:

· Dual Code HS-DPCCH Scheme: 

· Pr[ACK received on each stream/NACK transmitted on each stream]
· Single Code HS-DPCCH Scheme:

· Pr[DTX received /NACK+ACK transmitted ]

· Pr[ACK + * received/ NACK+ACK transmitted]
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Figure 7: Pr[NACK(ACK], Dual code HS-DPCCH v/s Single code HS-DPCCH
From Figure 7, we observe the following:

· For the range of HS-DPCCH/DPCCH power ratios studied, the dominant errors observed for the dual code case is the error event due to the DTX hypothesis. Since the false alarm rate is so low (0.1%), no NACK( ACK errors were observed on either stream.

· For the single code case

· The probability of missed detection (due to DTX hypothesis) is an order of magnitude higher than probability (ACK+* was received/NACK+ACK code word was transmitted)

· For HS-DPCCH/DPCCH power ratio of 2dB, the probability (ACK+* was received/NACK+ACK code word was transmitted) is very low (1e-4).

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 existing DL MIMO ACK/NACK code words was studied.  Two schemes were studied- Option 1) that disallows utilizing HS-DPCCH preamble and postamble and makes complete use of the DL MIMO code words, and Option  2)  that supports the option of using HS-DPCCH preamble and postamble and utilizes 2 additional code words to the existing code words. Both schemes are very promising from both a cubic metric point of view and HS-DPCCH link performance point of view. In particular, we observe ~3dB improvement in HS-DPCCH link performance in almost all the channels. As a result we propose the following:

Proposal 1: The ACK/NACK scheme for DC-HSDPA is utilizes a single HS-DPCCH based on the code words listed in Table 2.
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Annex

In the following, link performance curves similar to those in Section 6 are plotted for PA3, PB3, VA30, and VA120. 
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Figure 8: NodeB schedules UE on a single carrier, dual-code (Case A), PA3
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Figure 9: NodeB schedules UE on a single carrier, dual-code (Case B), PA3
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Figure 10: NodeB schedules UE on two carriers, dual-code (Case A), PA3
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Figure 11: NodeB schedules UE on a single carrier, dual-code (Case A), PB3
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Figure 12: NodeB schedules UE on a single carrier, dual-code (Case B), PB3
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: strm1, when NB schedule both

One hs-dpcch scheme: strm2, when NB schedule both


Figure 13: NodeB schedules UE on two carriers, dual-code (Case A), PB3
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: NB schedule only C1

One hs-dpcch scheme: NB schedule only C2


Figure 14: NodeB schedules UE on a single carrier, dual-code (Case A), VA30
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: NB schedule only C1

One hs-dpcch scheme: NB schedule only C2


Figure 15: NodeB schedules UE on a single carrier, dual-code (Case B), VA30
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: strm1, when NB schedule both

One hs-dpcch scheme: strm2, when NB schedule both


Figure 16: NodeB schedules UE on two carriers, dual-code (Case A), VA30
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: NB schedule only C1

One hs-dpcch scheme: NB schedule only C2


Figure 17: NodeB schedules UE on a single carrier, dual-code (Case A), VA120
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: NB schedule only C1

One hs-dpcch scheme: NB schedule only C2


Figure 18: NodeB schedules UE on a single carrier, dual-code (Case B), VA120
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Two hs-dpcchs scheme: each strm

One hs-dpcch scheme: strm1, when NB schedule both

One hs-dpcch scheme: strm2, when NB schedule both


Figure 19: NodeB schedules UE on two carriers, dual-code (Case A), VA120
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