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1
Introduction

One of the remaining open issues in the 4C-HSDPA work item 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 legacy case in Rel-5. 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 meetings, 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. As a special case, a spreading factor SF256 would be applied when the UE is configured with 3 carriers without MIMO on any of the carriers. Legacy HS-DPCCH design would be used when the UE is configured with 2 carriers. 
Based on these agreements, the scenarios in Rel-10 for which HS-DPCCH power offsets need to be defined are given in Table 1. For purposes of comparison and benchmarking, we also include the Rel-5 SC-HSDPA as well.
Table 1: HS-DPCCH Design for 4C-HSDPA

	Number of Carriers Configured/Activated
	Number of MIMO carriers
	HS-DPCCH Format

	4
	0; 1; 2; 3; 4
	SF128; Rel9 DC-MIMO codebook

	3
	1; 2; 3
	SF128; Rel9 DC-MIMO codebook

	3 (*configured)
	0
	SF256; Rel10 TC-MIMO codebook

	2
	0;1; 2
	SF128; Rel9 DC-MIMO codebook

Repeated across half-slots

	1(*benchmark)
	0
	SF256; Rel5 HSDPA codebook


Each of the scenarios listen in Table 1 has been evaluated and the results are provides in Section 4. The methodology for computing the power offsets is explained in Section 3. 

3
Methodology for Power Offset Computation

3.1
Metrics for Evaluation
The following metrics used to compute the HS-DPCCH power offsets:

False Alarm Rate

This is the event where the NodeB erroneously detects data on the HS-DPCCH channel when there was no data transmitted by the UE. This event occurs in two scenarios

· The UE does not transmit any data on the HS-DPCCH channel but the DTX detector at the NodeB detects data on the uplink. In this case, a false alarm occurs only when the code word that is decoded happens to be an ACK or NACK. If the decoded codeword is the DTX codeword, then a false alarm event is not recoded. For example: If the decoded codeword for a MIMO transmission is A/D, then the false alarm is recorded only for the first stream.
·  The UE transmits ACK/NACK information on the HS-DPCCH channel for one or more downlink data streams but transmits DTX as for a particular stream. In this case, a false alarm occurs if there is a decoding error at the NodeB that causes the NodeB to assume an ACK or NACK instead of the DTX. For example: If the transmitted codeword is A/D/D/D and the NodeB erroneously decodes the codeword as A/D/D/A, then a false alarm is recorded for the fourth stream.
Misdetection Probability
This event occurs when the UE transmits data on the HS-DPCCH channel but the NodeB does not receive the transmitted data. Misdetection is the combination of the following two events

· The NodeB does not detect the presence of data on the HS-DPCCH channel but the UE has transmitted data. This occurs because the DTX detector does not detect the transmitted signal.

· The NodeB detects the presence of data on the HS-DPCCH channel but decodes the data incorrectly. In this case, an ACK or NACK transmission is decoded as a DTX/NACK or DTX/ACK transmission respectively. Note that since D->A/N are recorded as false alarms, they are not recorded here as misdetection or decoding errors. 
3.2
Per-Stream Computation

The computation of the false alarm rate (FAR) or misdetection probability is performed on a per-stream basis. In 4C-HSDPA, there can be up to 8 streams of data for which HARQ ACK transmissions occur on the uplink. The effective misdetection and false alarm for a particular configuration is then the average of the metrics across the streams. Therefore, the effective misdetection probability is defined as 
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Similarly, the effective false alarm rate is defined as
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For purposes of HS-DPCCH power offset evaluation, the target misdetection probability is assumed to be 1%. FAR values of 1% and 10% are considered.

3.3
Codeword Frequency

When evaluating the power offsets for a particular configuration, it is important to ensure that all the code words in the codebooks pertaining to that configuration are represented. One approach would be to for all the code words to be transmitted with uniform probability. However, this may not accurately capture a realistic code word frequency. Therefore, we assume the following apriori probabilities for each stream. These are based on the assumption that the HS-SCCH miss rate on the downlink is 1% which consequently implies that the DTX transmission rate on the uplink is 1%
SIMO Transmissions
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For all the simulations shown in this document, these are the apriori probabilities that are assumed on a per-stream basis.

3.3
Reference

The misdetection probability is benchmarked against Rel-5 SC-HSDPA. The required HS-DPCCH C/P for each configuration in 4C-HSDPA that meets the target requirements is compared with the equivalent HS-DPCCH C/P for Rel-5 SC-HSDPA at the same set point. 

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 is considered as a reference for the specification of power offsets for 4C-HSDPA.
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


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
	AWGN

	NodeB Receiver Type
	Rake Receiver


5
HS-DPCCH ACK/NACK Simulation Results

In this section, simulation results are shown for all the cases in Table 1. The simulation assumptions are in Table 3 and the simulation methodology is described in Section 3.

Figures 1 and 2 show the comparison of the probability of misdetection or decoding error for the M/M/M/M cases in Rel-10 and Rel-5 SC-HSDPA. The results are shown for the AWGN channel for a target False Alarm Rate = 0.1(10%) and 0.01 (1%). 
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Figure 1: Performance comparison between Rel-5 SC-HSDPA and Rel-10 M/M/M/M configuration in 4C-HSDPA for FAR = 10%
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Figure 2: Performance comparison between Rel-5 SC-HSDPA and Rel-10 M/M/M/M configuration in 4C-HSDPA for FAR = 1%


Figures 1 and 2 show the performance of the M/M/M/M configuration when the code words are generated uniformly as well as the case when there is a conditional apriori probability imposed on the code word generation. It can be seen that in both cases, the performance is quite similar. As a result, it is considered that both approaches are valid for purposes of HS-DPCCH power offset evaluation.
4 Carriers

The complete set of results for the case when the UE is configured with 4 carriers is shown in Table 4 when the FAR rate is 10% and in Table 5 when the FAR =1. For purposes of comparison, the legacy (Rel-5) single carrier non-MIMO results have also been included in the tables.
In cases when the different configurations yield the same performance, they have been clubbed together into the same row. The Rx Ecp/No for all of the simulated cases = -20.58dB.

Table 4: Required HS-DPCCH C/P [dB] when UE is configured with 4 carriers; FAR = 10%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-3.1
	

	4
	M/M/M/M
	1.12
	4.2

	3
	M/M/M/S

M/S/M/M
	0.67
	3.81

	
	M/M/S/M

S/M/M/M
	0.84
	4.01

	2
	M/M/S/S

S/S/M/M
	0.67
	3.84

	
	M/S/M/S
	1.67
	4.7

	
	S/M/S/M
	0.26
	3.43

	
	S/M/M/S
	0.55
	3.73

	
	M/S/S/M
	0.55
	3.73

	1
	M/S/S/S

S/S/M/S
	1.0
	4.18

	
	S/M/S/S

S/S/S/M
	0.03
	3.2

	0
	S/S/S/S
	-0.21
	2.96


Table 5: Required HS-DPCCH C/P [dB] when UE is configured with 4 carriers; FAR = 1% 
	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-1.2
	

	4
	M/M/M/M
	2.0
	3.24

	3
	M/M/M/S

M/S/M/M
	1.72
	2.92

	
	M/M/S/M

S/M/M/M
	1.71
	2.91

	2
	M/M/S/S

S/S/M/M
	1.4
	2.6

	
	M/S/M/S
	2.0
	3.16

	
	S/M/S/M
	1.16
	2.37

	
	S/M/M/S
	1.33
	2.54

	
	M/S/S/M
	1.33
	2.54

	1
	M/S/S/S

S/S/M/S
	1.56
	2.78

	
	S/M/S/S

S/S/S/M
	0.96
	2.16

	0
	S/S/S/S
	0.6
	1.8


Observation

The following observations can be made from Tables 4 and 5:
· When FAR values of both 1% and 10% are considered, it can be seen that when there is at least one MIMO carrier, the required power offset as compared to Rel-5 SC-HSDPA varies from just over 2dB up to 4.7dB for one particular case. Therefore, we recommend that a power offset of 4dB be chosen for the case where there is at least one MIMO carrier configured and all 4 carriers are activated.
· In the case where there are no MIMO carriers configured, it is observed at a FAR rate of 1% a power offset of 2dB is sufficient to meet the target misdetection requirements. However, for an FAR rate of 10%, a higher power offset is needed (~3dB). A similar situation occurred in Rel-9 where a conservative approach was specified. In Rel-10, similarly, we recommend that a power offset of 4dB be also chosen for the S/S/S/S case, i.e., UE configured with 4 non-MIMO carriers and all carriers are activated.
The cases where the UE is configured with 4 carriers but only a subset of carriers are activated are covered in the scenarios below.

3 Carriers

The complete set of results for the case when the UE is configured with 3 carriers is shown in Table 6 when the FAR rate is 10% and in Table 7 when the FAR =1. For purposes of comparison, the legacy (Rel-5) single carrier non-MIMO results have also been included in the tables.

Note that the scenarios S/S/S/D and S/S/D/S arise as a result of carrier deactivation when the UE is configured with 4 carriers. We treat these cases separately from the case where the UE is configured with 3 carriers without MIMO on any of the carriers since in this case a single code with SF256 is used.
In cases when the different configurations yield the same performance, they have been clubbed together into the same row. The Rx Ecp/No for all of the simulated cases = -20.58dB.

Table 6: Required HS-DPCCH C/P [dB] when UE is configured with 3 carriers; FAR = 10%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-3.1
	

	3
	M/M/M/D

M/D/M/M
	0.42
	3.53

	
	M/M/D/M

D/M/M/M
	0.48
	3.59

	2
	M/M/D/S

D/S/M/M
	0.55
	3.66

	
	M/M/S/D

S/D/M/M
	0.57
	3.68

	
	M/S/M/D

M/D/M/S
	-0.08
	3.02

	
	M/S/D/M

D/M/M/S
	-0.08
	3.02

	
	S/M/M/D

M/D/S/M
	0.26
	3.37

	
	S/M/D/M

D/M/S/M
	0.2
	3.32

	1
	M/S/S/D

S/D/M/S
	-0.08
	3.03

	
	M/S/D/S

D/S/M/S
	-0.12
	2.98

	
	S/M/S/D

S/D/S/M
	0.33
	3.44

	
	S/M/D/S

D/S/S/M
	0.32
	3.43

	
	S/S/M/D

M/D/S/S
	-0.62
	2.5

	
	S/S/D/M

D/M/S/S
	-0.53
	2.58

	0
	S/S/S/D
	-0.53
	2.57

	
	S/S/D/S
	-0.51
	2.59

	0*(configured)
	S/S/S
	-1.8
	1.3


Table 7: Required HS-DPCCH C/P [dB] when UE is configured with 3 carriers; FAR = 1%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-1.2
	

	3
	M/M/M/D

M/D/M/M
	1.13
	2.34

	
	M/M/D/M

D/M/M/M
	1.21
	2.42

	2
	M/M/D/S

D/S/M/M
	1.05
	2.26

	
	M/M/S/D

S/D/M/M
	1.06
	2.28

	
	M/S/M/D

M/D/M/S
	0.7
	1.9

	
	M/S/D/M

D/M/M/S
	0.67
	1.89

	
	S/M/M/D

M/D/S/M
	0.93
	2.14

	
	S/M/D/M

D/M/S/M
	0.87
	2.08

	1
	M/S/S/D

S/D/M/S
	0.52
	1.73

	
	M/S/D/S

D/S/M/S
	0.5
	1.71

	
	S/M/S/D

S/D/S/M
	0.83
	2.04

	
	S/M/D/S

D/S/S/M
	0.79
	2.0

	
	S/S/M/D

M/D/S/S
	0.25
	1.46

	
	S/S/D/M

D/M/S/S
	0.3
	1.51

	0
	S/S/S/D
	0.10
	1.31

	
	S/S/D/S
	0.35
	1.57

	0*(configured)
	S/S/S
	-0.4
	0.8


Observation

The following observations can be made from Tables 6 and 7:
· When FAR values of both 1% and 10% are considered, it can be seen that when there is at least one MIMO carrier, the required power offset as compared to Rel-5 SC-HSDPA is well over 2dB in most cases and is over 3dB in some cases. Therefore, we recommend that a power offset of 4dB be chosen for the case where there is at least one MIMO carrier configured and all 3 carriers are activated.

· In the case where there are no MIMO carriers configured, it is observed at a power offset of 2dB is sufficient to meet the target misdetection requirements for a FAR of 1%. However, when FAR of 10% is considered, the required power offset is around 2.5dB. To allow for both modes of operation and taking a conservative approach, we recommend that a power offset of 4dB be chosen for this case as well, i.e., UE has 4 non-MIMO carriers and SF128 is used.

· For the special case where the UE is configured with 3 carriers without MIMO on any of the carriers, it can be seen that a power offset of 2B as compared to Rel-5 SC-HSDPA is sufficient to meet the target misdetection requirements for both FARs of 1% and 10%. Therefore, we recommend that a power offset of 2dB be chosen for this case.

The cases where the UE is configured with 3 carriers but only subsets of carriers are activated are covered in the scenarios below.

2 Carriers

The complete set of results for the case when the UE is configured with 2 carriers is shown in Table 8 when the FAR rate is 10% and in Table 9 when the FAR =1. For purposes of comparison, the legacy (Rel-5) single carrier non-MIMO results have also been included in the tables.

Where the UE is configured with 2 carriers to begin with, the legacy HS-DPCCH format is applied for which the power offsets have been specified. In this section, we therefore consider the case when the UE has two active carriers as a result of deactivations and the HARQ ACK information for the two carriers is repeated across half slots and a spreading factor of 128 is used.

In cases when the different configurations yield the same performance, they have been clubbed together into the same row. The Rx Ecp/No for all of the simulated cases = -20.58dB.

Table 8: Required HS-DPCCH C/P [dB] when UE is configured with 2 carriers; FAR = 10%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-3.1
	

	2
	M/M
	-1.18
	1.94

	1
	M/S
	-1.67
	1.44

	
	S/M
	-1.64
	1.48

	0
	S/S
	-2.07
	1.05


Table 9: Required HS-DPCCH C/P [dB] when UE is configured with 2 carriers; FAR = 1%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-1.2
	

	2
	M/M
	0.15
	1.38

	1
	M/S
	-0.14
	1.1

	
	S/M
	-0.19
	1.04

	0
	S/S
	-0.52
	0.71


Observation

The following observations can be made from Tables 8 and 9:
· The required power offset when the UE has 2 active carriers with MIMO on at least one carrier ranges from just over 1dB to almost 2dB when FAR=10% and around 1dB when the FAR is 1%. These requirements are the same as the legacy Rel-9 case when there is at least one MIMO carrier. This result is expected since the entire slot is used for both DTX detection and decoding purposes in both the legacy case and in 4C-HSDPA. Moreover, since no new code words are added to the NodeB hypotheses set, the misdetection and decoding error performance is identical. Therefore, we recommend that the same power offsets that were used in the legacy case be re-used when there are 2 activated carriers with at least one MIMO carrier.
· The required power offset when there are no MIMO carriers is also similar to the Rel-8 power offset requirement. Note however, that the codebooks used in both cases are different. However, since the performance is similar, we recommend that the same power offsets that were used in the legacy case be re-used when there are 2 activated carriers without MIMO on any of the carriers.
1 Carrier

The complete set of results for the case when the UE is configured with 1 carriers is shown in Table 10 when the FAR rate is 10% and in Table 11 when the FAR =1. For purposes of comparison, the legacy (Rel-5) single carrier non-MIMO results have also been included in the tables.

Similar to the 2 carrier case, this configuration results as a consequence of carriers deactivations. The UE is configured with a higher number of carriers and the HARQ ACK information is repeated across half slots.

In cases when the different configurations yield the same performance, they have been clubbed together into the same row. The Rx Ecp/No for all of the simulated cases = -20.58dB.

Table 10: Required HS-DPCCH C/P [dB] when UE is configured with 1 carrier in 4C-HSDPA; FAR = 10%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-3.1
	

	1
	M/D
	-2.46
	0.66

	
	D/M
	-2.42
	0.7

	0
	S/D
	-3.1
	0

	
	D/S
	-3.1
	0


Table 11: Required HS-DPCCH C/P [dB] when UE is configured with 1 carrier in 4C-HSDPA; FAR = 1%

	Number of MIMO carriers
	Configuration
	Required HS-DPCCH C/P [dB] for 1%

P(MD or Dec Err)
	Increase in required C/P [dB]

w.r.t Rel-5 SC-HSDPA

	
	S (Rel-5 reference)
	-1.2
	

	1
	M/D
	-0.824
	0.42

	
	D/M
	-0.8
	0.44

	0
	S/D
	-1.2
	0.01

	
	D/S
	-1.18
	0.06


Observation

The following observations can be made from Tables 10 and 11:
· It is seen that the required power offsets are similar to the legacy cases associated with single carrier scenarios – Rel-5 and Rel-7. Therefore, it can be stated that the performance of a single active carrier in 4C-HSDPA is similar to that of the legacy single carrier case. The same power offsets are retained in this case. 

Based on Tables 4-11 and the corresponding observations, we can now determine the required HS-DPCCH HARQ-ACK power offsets for 4C-HSDPA. They are summarized in Table 12.

Table 12: 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
	≥1
	128
	Rel-9 DC-MIMO

+

Rel-9 DC-MIMO
	ACK+2

	
	4
	≥1
	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, or 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 +1 when MIMO is not configured on that carrier.
· CQI +1 when type B CQI reports are transmitted for that carrier and MIMO is configured.

· CQI +2 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. Results from link simulations were presented for a target misdetection or decoding error probability of 1% for false alarm rates of 10% and 1%. The performance of the difference scenarios was compared to the Rel-5 SC-HSDPA to evaluate the increase in the HS-DPCCH power offsets that are needed in 4C-HSDPA.

Based on the results obtained, HS-DPCCH ACK/NACK power offsets for 4C-HSDPA are proposed in Table 12. 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.
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