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1
Introduction

Some agreements were made in the previous RAN WG1 meeting regarding the design of HS-DPCCH for 4C-HSDPA. One of the remaining open issues is the specification of transmit power ratios for the HS-DPCCH ACK/NACK and CQI transmissions.
In this contribution, the required HS-DPCCH power offsets for the different configurations in 4C-HSDPA are addressed. The relevant cases were simulated and the performance was compared to the case in Rel-9. Based on the results obtained, power offsets for 4C-HSDPA are proposed.
2
HS-DPCCH Power Offsets for 4C-HSDPA
In the previous RAN WG1 #61 meeting, it was agreed that a spreading factor of 128 would be applied when the UE is configured with 4 carriers with or without MIMO and when the UE is configured with 3 carriers with MIMO on at least one of the carriers. Legacy HS-DPCCH design would be used when the UE is configured with 2 carriers. The agreements are summarized in Table 1 and were based on [1]. Note that some assumptions on the codebook have been made in the table and have not been explicitly agreed in RAN1. 
Table 1: HS-DPCCH Design for 4C-HSDPA

	Number of configured DL carriers
	Number of active DL carriers
	Number of MIMO Configured Carriers
	HS-DPCCH Design

	
	
	
	SF
	Codebook
	Comments for ACK/NACK feedback

	4
	3, 4
	Any
	128
	Rel-9 DC-MIMO
	Independent half slot transmissions

	4
	1, 2
	Any
	128
	Rel-9 DC-MIMO
	Repeated across two half slots

	3
	3
	1 to 3
	128
	Rel-9 DC-MIMO
	Independent half slot transmissions

	3
	1, 2
	1 to 2
	128
	Rel-9 DC-MIMO
	Repeated across two half slots

	3
	1 to 3
	0
	256 (TBD)
	Rel-10 TC-MIMO
(TBD)
	Transmission across entire slot

	2 or 1
	Any
	Any
	256
	Rel-9 DC-MIMO or

Rel-8 DC-HSDPA or

Rel-5 HSDPA
	Transmission across entire slot


In order to determine the transmit power offsets for HS-DPCCH, we consider the worst case scenarios in each case and compare the performance with the HS-DPCCH transmissions in Rel-9. The legacy power offsets are summarized in Table 2. The quantized amplitude ratio of HS-DPCCH to the DPCCH power is translated from the values that are indicated in Table 2. For simplicity, we consider only the ACK offsets – the same rules apply to the NACK as well if the corresponding HARQ-ACK message is NACK.
Table 2: HS-DPCCH Power offsets up to Rel-9

	Number of configured DL carriers
	Number of active DL carriers
	Number of MIMO Configured Carriers
	Power Offsets

	1
	NA
	0
	ACK

	1 or 2
	1
	1
	ACK  for single stream transmissions

ACK+1 for dual stream transmissions

	2
	2
	0, 1, 2
	ACK+1


If we consider Table 2 as a reference for the specification of power offsets for 4C-HSDPA, then we can determine the power offsets for each case in Table 1.
Case 1: This case is applicable for the following scenarios

· UE is configured with 4 DL carriers and more than 2 carriers are activated

· UE is configured with 3 DL carriers and 3 carriers are activated with MIMO configured on at least one carrier
The HS-DPCCH channel is transmitted using SF128 with independent encoding on each half slot. The power offsets in this case should therefore be based on transmission of HS-DPCCH when feedback for M/M occurs in the first half slot and M/M occurs in the second half slot. One could also consider S/S or S/M transmissions, but it was shown in [2] that the power offsets in each of the cases is the same. 

For the simulations conducted, the 16 code words corresponding to M/M feedback are chosen out of the Rel-9 DC-MIMO codebook for each half slot and transmitted by the UE. Note that the NodeB also considers the DTX codeword (‘POST’) as part of the set of hypotheses for decoding purposes.
It is possible that a lower power offset would be required for the second half slot when only 3 carriers are active. However, it is desired that power levels do not change on a half slot basis. Therefore, it is considered that the power offsets are the same whether 3 or 4 carriers are activated.

It is also possible that a lower power offset be required when say, a single carrier is scheduled and therefore the feedback would only HARQ-ACK contain information for a single carrier. The NodeB could then increase the minimum distance between code words by considering only a subset of code words as possible hypotheses thereby reducing the decoding error probability. However, since the UE may have missed HS-SCCH transmissions on the downlink, such assumptions cannot be made.
Case 2: This case is applicable for the following scenarios

· UE is configured with 4 DL carriers and 2 carriers are activated

· UE is configured with 3 DL carriers and 2 carriers are activated with MIMO configured on at least one carrier
When a UE that is configured with 3 or 4 carriers, has only two active carriers, the HS-DPCCH is transmitted using SF128 with code words that are repeated across the two half slots. Due, to the increase in processing gain, it is expected that the power offsets required in this case would be smaller than Case 1. 
It is also considered in this case that S/S and S/M transmissions require the same power offsets as M/M transmissions as established in [2]. Therefore, the M/M case is simulated with 16 code words corresponding to M/M feedback are chosen out of the Rel-9 DC-MIMO codebook and repeated across half slots. Furthermore, as in Case 1, one cannot consider lower power offsets when subsets of carriers are scheduled. Note that, in this case, the NodeB does not include the DTX codeword (‘POST’) as part of the set of hypotheses for decoding. 
Case 3: This case is applicable for the following scenarios

· UE is configured with 3 DL carriers and 2 to 3 carriers are activated with MIMO not configured on any carrier

A new codebook is being considered for the special case where the UE is configured with 3 carriers without MIMO on any of the carriers. It has also been shown in [3], that a new codeword is more link efficient then the re-use of legacy code words in this case. Therefore, the required power offset for this case is examined separately. To ensure robustness in design is was considered in [3] that the same codebook is used regardless of the number of activated carriers. However, there may be separate power offset requirements when the UE has only 1 active carrier. Since the HARQ-ACK information is transmitted for the entire slot using SF256, the legacy power offset ACK can be used in this case. It is TBD whether the same power offset is to be used there are 2 or 3 active carriers.
For purposes of evaluation, Option 3 in [5] is simulated as the codebook for 3C without MIMO.
Case 4: This case is applicable for the following scenarios

· UE is configured with 1 to 4 DL carriers and 1 carrier is active.
When there is a single active DL carrier, the feedback information is transmitted over the entire slot regardless of whether SF128 or SF256 is employed either by repetition or by encoding across the whole slot. The UE and the NodeB also have the same state with respect to the number of active carriers. Therefore, the Rel-5 power offsets can be used in this case and it isn’t necessary to expressly simulate this case. Note that there could be errors events where the UE and the NodeB assume different numbers of active carriers. This case is dealt with separately in [4]. 

In order to determine the power offsets for Cases 1, 2 and 3, we compare the performance for each of these cases with the case when the UE is configured with two MIMO carriers, i.e., M/M transmission in Rel-9 where the HS-DPCCH is transmitted using SF256 and the power offsets have been specified as in Table 2.

4

Simulation Metrics

The metrics used to evaluate the power offsets are described as follows:
· False Alarm 

· This event occurs when the NodeB falsely detects data when the UE transmits only DTX. 
· Misdetection or Decoding error
· This event occurs when one of the following events occur
· The NodeB does not detect data when the UE transmits data, OR

· The NodeB correctly detects data but decodes it incorrectly.

The misdetection or decoding error metric is computed as follows:
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Where
MD = Missed detection
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= total number of streams that are in error.

For example, when two MIMO carriers are active the UE is scheduled with dual streams in each carrier, 
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ranges from 0 to 4.

The power offsets that are required for a particular scenario is the relative HS-DPCCH C/P needed for a target misdetection or decoding error of 1%.

4

HS-DPCCH ACK/NACK Simulation Assumptions

Table 3 shows the assumptions that used in the simulations conducted.

Table 3: Simulation Assumptions for HS-DPCCH ACK/NACK link simulation

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS
	120

	T/P [dB]
	0

	HS-DPCCH C/P [dB]
	-9.54 … 6.02

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver


5
HS-DPCCH ACK/NACK Simulation Results

In this section, simulation results are shown for Cases 1, 2 and 3 as described in Section 3. The simulation assumptions and the metrics used are described in Section 4.

Figure 1 shows the probability of misdetection or decoding error for the 3 cases outlined in Section 3 as well as the legacy case. The results are shown for the AWGN channel for a target False Alarm Probability = 0.1(10%). Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 2-5 in the Annex.
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Figure 1: Simulation results for Cases 1, 2, 3 and Legacy; AWGN; FAR = 10%
Figure 2 shows the probability of misdetection or decoding error for the 3 cases outlined in Section 3 as well as the legacy case. The results are shown for the AWGN channel for a target False Alarm Probability = 0.01 (1%). Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 2-5 in the Annex.
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Figure 2: Simulation results for Cases 1, 2, 3 and Legacy; AWGN; FAR = 1%

The results can be summarized in Tables 4, 5, and 6. For purposes of comparison the legacy (Rel-5) single carrier non-MIMO results have also been included
Table 4: Comparison between Legacy S, M/M and Rel-10 M/M repeated
	False Alarm Target
	Channel Type
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]
w.r.t Rel-9

	
	
	SF256: S
	SF256: M/M
	SF128: M/M repeated
	

	10%
	AWGN
	-1.8
	-0.2
	-0.1
	0.1

	
	PA3
	-1.8
	-0.1
	-0.1
	0

	
	PB3
	-1.8
	-0.1
	0.0
	0.1

	
	VA30
	-0.7
	1.8
	1.6
	-0.2

	
	VA120
	1.1
	4.2
	4.1
	-0.1

	1%
	AWGN
	-0.3
	1.2
	1.2
	0.0

	
	PA3
	-0.4
	1.2
	1.3
	0.1

	
	PB3
	-0.2
	1.4
	1.4
	0.0

	
	VA30
	0.9
	3.4
	3.2
	-0.2

	
	VA120
	2.9
	5.8
	5.9
	0.1


Table 5: Comparison between Legacy S, M/M and Rel-10 S/S/S
	False Alarm Target
	Channel Type
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]
w.r.t Rel-9

	
	
	SF256: S
	SF256: M/M
	SF256: S/S/S
	

	10%
	AWGN
	-1.8
	-0.2
	-0.8
	-0.6

	
	PA3
	-1.8
	-0.1
	-0.9
	-0.8

	
	PB3
	-1.8
	-0.1
	-0.8
	-0.7

	
	VA30
	-0.7
	1.8
	0.6
	-1.2

	
	VA120
	1.1
	4.2
	3.0
	-1.2

	1%
	AWGN
	-0.3
	1.2
	0.5
	-0.7

	
	PA3
	-0.4
	1.2
	0.5
	-0.7

	
	PB3
	-0.2
	1.4
	0.7
	-0.7

	
	VA30
	0.9
	3.4
	2.2
	-1.2

	
	VA120
	2.9
	5.8
	5.0
	-0.8


Table 6: Comparison between Legacy S, M/M and Rel-10 M/M/M/M
	False Alarm Target
	Channel Type
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]
w.r.t Rel-9

	
	
	SF256: S
	SF256: M/M
	SF128: M/M/M/M
	

	10%
	AWGN
	-1.8
	-0.2
	2.6
	2.8

	
	PA3
	-1.8
	-0.1
	2.6
	2.7

	
	PB3
	-1.8
	-0.1
	2.5
	2.6

	
	VA30
	-0.7
	1.8
	4.6
	2.8

	
	VA120
	1.1
	4.2
	6.6
	2.4

	1%
	AWGN
	-0.3
	1.2
	3.4
	2.2

	
	PA3
	-0.4
	1.2
	3.5
	2.3

	
	PB3
	-0.2
	1.4
	3.5
	2.1

	
	VA30
	0.9
	3.4
	5.9
	2.5

	
	VA120
	2.9
	5.8
	6.9
	1.1


Observation

The following observations can be made from Figures 1- 10 and Tables 4, 5 and 6:
· The required power offset when there are 2 carriers active (Case 2) is the same as the legacy M/M case for all the channels simulated. This result is expected since the entire slot is used for both DTX detection and decoding purposes in both the legacy case and Case 2. Moreover, since no new code words are added to the NodeB hypotheses set, the misdetection and decoding error performance is identical.

· The required power offset when there are 3 active non-MIMO carriers (S/S/S) and the UE is configured with 3 carriers (Case 3) is slightly lower than the legacy M/M case. The different is less than 1dB. This is due to the fact that since there are only three streams, the required power to maintain 1% target per stream is lower. Based on these results, it is considered that the same power offset is used in the S/S/S as well as the legacy M/M case. 

· The required power offset when there are 3 or more active carriers (at least 1 MIMO carrier when the UE is configured with 3 carriers) and the UE is configured with 3 or 4 carriers (Case 1) is greater than the legacy M/M case by 2dB. In this case, the loss of processing gain due to the reduction of the SF (128) contributes to the loss. In addition to this, a new DTX code word (‘POST’) is added to the hypotheses set. However, since the target misdetection and decoding error probability is normalized with respect to the number of streams, the increase is less than 3dB. Therefore, based on these results, the required power offset for the M/M/M case is 2dB more than the legacy M/M case.

Based on the above observations, we can determine the required HS-DPCCH HARQ-ACK power offsets for 4C-HSDPA. They are summarized in Table 5.

Table 5: Required Power Offsets for 4C-HSDPA
	Number of configured DL carriers
	Number of active DL carriers
	Number of MIMO Configured Carriers
	HS-DPCCH Design
	Power Offsets

	
	
	
	SF
	Codebook
	

	3
	1
	0
	256
	Rel-10 TC-HSDPA
	ACK

	
	2
	0
	256
	Rel-10 TC-HSDPA
	ACK+1

	
	3
	0
	256
	Rel-10 TC-HSDPA
	ACK+1

	
	1
	1
	128
	Rel-9 DC-MIMO Repeated
	ACK+1

	
	2
	≥1
	128
	Rel-9 DC-MIMO Repeated
	ACK+1

	
	3
	≥1
	128
	Rel-9 DC-MIMO

+ 

Rel-9 DC-MIMO
	ACK+2

	4
	1
	0
	128
	Rel-9 DC-MIMO Repeated
	ACK

	
	1
	1
	128
	Rel-9 DC-MIMO Repeated
	ACK+1

	
	2
	Any
	128
	Rel-9 DC-MIMO Repeated
	ACK+1

	
	3
	Any
	128
	Rel-9 DC-MIMO

+

Rel-9 DC-MIMO
	ACK+2

	
	4
	Any
	128
	Rel-9 DC-MIMO

+

Rel-9 DC-MIMO
	ACK+2


6
HS-DPCCH CQI Power Offsets
The HS-DPCCH CQI transmissions in 4C-HSDPA occur on a per carrier basis with e minimum feedback cycle of 4ms. Therefore, the legacy CQI power offsets can be re-used whilst accounting for the processing gain whenever SF128 is used.
When the UE is configured with 4 carriers with 3 carriers with MIMO on at least one of the carriers, 
· and there are 3 or 4 active carriers, the HS-DPCCH power offset from DPCCH for a particular carrier is translated from 

· CQI +2 when MIMO is not configured on that carrier.
· CQI +2 when type B CQI reports are transmitted for that carrier and MIMO is configured.

· CQI +3 when type A CQI reports are transmitted for that carrier and MIMO is configured.
· and there are only 1 or 2 active carriers, the HS-DPCCH power offset from DPCCH for a particular carrier is translated from 

· CQI when MIMO is not configured on that carrier.
· CQI when type B CQI reports are transmitted for that carrier and MIMO is configured.

· CQI +1 when type A CQI reports are transmitted for that carrier and MIMO is configured.
Note that since each increment of the offset corresponds to 2dB, we could also potentially use CQI +1 and CQI +2 instead when more than 2 carriers are active. However, this would compromise the CQI decoding error performance to some extent. Alternatively, if a higher CQI is signalled to compensate for this loss in performance, then there would be excess power transmissions when there are 1 or 2 active carriers.
When the UE is configured with 3 carriers without MIMO on any of the carriers, the HS-DPCCH power offset from DPCCH regardless of the number of activated carriers is translated from

· CQI +1 for carriers whose CQI is encoded using Rel-8 DC-HSDPA CQI encoding.

· CQI for carriers whose CQI is encoded using Rel-5 SC-HSDPA CQI encoding.
7
Conclusions

In this contribution, the required HS-DPCCH power offsets for the different configurations in 4C-HSDPA were addressed. Link simulation results were shown comparing the probability of misdetection or decoding error for the ACK/NACK feedback for 3 cases with the legacy Rel-9 DC-MIMO ACK/NACK feedback. 

The cases simulated included the M/M/M/M feedback, M/M repeated and S/S/S along with the Rel-9 M/M case. Based on the results obtained, HS-DPCCH ACK/NACK power offsets for 4C-HSDPA are proposed in Table 5. An analysis for the power offset of the HS-DCCH CQI transmissions in 4C-HSDPA was also performed with a proposed set of offsets in Section 6.
8
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Figure 3: Simulation results for Cases 1, 2, 3 and Legacy; PA3; FAR = 10%
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Figure 4: Simulation results for Cases 1, 2, 3 and Legacy; PB3; FAR = 10%
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Figure 5: Simulation results for Cases 1, 2, 3 and Legacy; VA30; FAR = 10%
[image: image12.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8

10

-4

10

-3

10

-2

10

-1

10

0

Pr(Mis-Det or Dec Err | Non-DTX); Channel = VA120

HS-DPCCH C/P [dB]

Probability

 

 

Mis-Det or Dec Err:Legacy:SF256 M/M

Mis-Det or Dec Err:Case 2:SF128 M/M repeat

Mis-Det or Dec Err:Case 3:SF256 S/S/S

Mis-Det or Dec Err:Case 1:SF128 M/M/M/M


Figure 6: Simulation results for Cases 1, 2, 3 and Legacy; VA120; FAR = 10%
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Figure 7: Simulation results for Cases 1, 2, 3 and Legacy; PA3; FAR = 1%
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Figure 8: Simulation results for Cases 1, 2, 3 and Legacy; PB3; FAR = 1%
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Figure 9: Simulation results for Cases 1, 2, 3 and Legacy; VA30; FAR = 1%
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Figure 10: Simulation results for Cases 1, 2, 3 and Legacy; VA120; FAR = 1%
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