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1 Introduction
At RAN1#61bis significant progress was made for the 4-carrier HSDPA work item. From a RAN1 perspective the only remaining open issue is the power offsets that should be used for the HARQ-ACK and CQI feedback transmitted on HS-DPCCH. This topic is briefly discussed in this paper.
2 Required power offsets for HS-DPCCH
2.1 Brief description of the applied methodology

The evaluation presented in the following subsections is based on a false alarm definition where false alarm occurs when the UE does not transmit any HARQ-ACK data but the Node-B detector erroneously detects a transmission of a codeword. Note that the event where the UE transmits a DTX for a particular carrier simultaneously as it transmits HARQ-ACK information for the other carriers (for example A/A/N/D) and a decoding error occurs for the carrier for with the DTX was transmitted is not considered as false alarm here. This is instead accounted for in the decoding error.  
The combined misdetection and decoding error probability is evaluated on per-stream basis. Misdetection occurs when the UE transmits a codeword (including the new DTX codeword) but the Node-B does not detect any transmissions on HS-DPCCH. Similarly a decoding error occurs when the UE transmits a codeword (including the new DTX codeword), the Node-B detects that a codeword was transmitted but fails to decode the codeword properly. Given a maximum tolerable combined misdetection or decoding error probability of 
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 represents the probability of misdetection or decoding errors for stream 
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 it is assumed that all relevant code words are of equal probability. 
2.2 4-carrier HSDPA or 3-carrier HSDPA with MIMO configured on at least one carrier
This section focuses on the HARQ-ACK power offsets required when 
· The UE is configured with 4 carriers and/or when 
· The UE is configured with 3 carriers and at least one of the carriers is configured in MIMO mode. 
The false alarm requirement is 1 percent and the maximum tolerated misdetection or decoding error probability is 1 percent. 

2.2.1 Power offsets when 4 carriers are activated
Table 1 depicts the required Ec/N0 values when all four configured carriers are activated. The column ‘activation status’ (c1c2/c3c4) describes whether the carriers are configured in MIMO mode, SISO mode, or whether the carrier is deactivated. This is abbreviated S – SISO mode, M – MIMO mode, and D – DTX respectively. The column ‘Ec/N0’ shows the difference between required average Ec/N0 for the particular configuration and the reference case (Rel-5 operation). Similarly the column ‘Ec/N0 (worst)’ describes the power offset necessary to ensure that the misdetection and decoding error probability is less than 1% for the worst codeword. With the current HS-DPCCH gain factor granularity (resulting in a ~2 dB power offset between adjacent hs gains factors) we can observe that a power offset of 4 dB is required when the average performance is considered (as compared to Rel-5). Also when the performance of the worst codeword is considered a power offset of 4 dB is sufficient.
Table 1: Required Ec/N0 values for 4-carrier HSDPA when all 4 carriers are activated

	Activation status
	Ec/N0
	Ec/N0
	Ec/N0 (worst)
	Ec/N0 (worst)

	S (reference)
	-23,2
	
	
	

	SS/SS
	-21,2
	2,0
	-21,0
	2,2

	SS/SM
	-21,0
	2,3
	-20,3
	3,0

	SS/MS
	-21,0
	2,3
	-20,4
	2,8

	SS/MM
	-20,7
	2,6
	-19,7
	3,6

	SM/SM
	-20,8
	2,5
	-19,9
	3,4

	SM/MS
	-20,8
	2,5
	-20,0
	3,3

	SM/MM
	-20,6
	2,7
	-19,5
	3,7

	MS/MS
	-20,8
	2,4
	-20,1
	3,2

	MS/MM
	-20,6
	2,7
	-19,6
	3,6

	MM/MM
	-20,4
	2,8
	-19,3
	4,0


2.2.2 Power offsets when 3 carriers are activated
Table 2
 summarizes the required Ec/N0 values when a UE is configured with 3-carriers HSDPA (and at least one of the carriers are configured in MIMO mode) as well as the Ec/N0 values when a UE is configured with 4 carriers and one of the secondary HS-DSCH cells has been deactivated.
From the table we can observe that a power offset of 4 dB is required when the average performance requirement is considered (as compared to Rel-5). Also when the worst codeword as compared to Rel-5 is considered a power offset of 4 dB seems to be sufficient.
Table 2: Required Ec/N0 values for 4-carrier HSDPA when 3 carriers are activated.

	Activation status
	Ec/N0
	Ec/N0
	Ec/N0 (worst)
	Ec/N0 (worst)

	S (reference)
	-23,2
	
	
	

	SS/SD
	-21,6
	1,6
	-21,4
	1,8

	SM/SD
	-21,2
	2,1
	-20,3
	3,0

	MS/SD
	-21,2
	2,0
	-20,5
	2,8

	MM/SD
	-20,8
	2,5
	-19,6
	3,6

	SS/MD
	-21,5
	1,8
	-21,2
	2,1

	SM/MD
	-21,1
	2,1
	-20,3
	2,9

	MS/MD
	-21,2
	2,1
	-20,5
	2,7

	MM/MD
	-20,8
	2,5
	-19,7
	3,6

	SS/DS
	-21,6
	1,6
	-21,4
	1,8

	SM/DS
	-21,2
	2,1
	-20,3
	3,0

	MS/DS
	-21,2
	2,0
	-20,5
	2,7

	MM/DS
	-20,8
	2,5
	-19,7
	3,6

	SS/DM
	-21,4
	1,8
	-21,1
	2,2

	SM/DM
	-21,1
	2,1
	-20,2
	3,0

	MS/DM
	-21,1
	2,1
	-20,5
	2,8

	MM/DM
	-20,8
	2,5
	-19,7
	3,6


2.2.3 Power offsets when 2 carriers are activated

Table 3 shows the required Ec/N0 values for a UE configured with 4 carriers or 3 carriers and where at least one of the carriers is configured in MIMO mode when there are 2 activated carriers. From the table it is evident that when the average performance is considered a power offset of 2 dB is sufficient (as compared to Rel-5). When the performance of the worst code word is considered a power offset of 2 dB is sufficient. Note that this is line with the Rel-8 and Rel-9 power offsets. 
Table 3: Required Ec/N0 values for 4-carrier HSDPA when 2 carriers are activated

	Activation status
	Ec/N0
	Ec/N0
	Ec/N0 (worst)
	Ec/N0 (worst)

	S (reference)
	-23,2
	
	
	

	SS 
	-22,5
	0,7
	-22,4
	0,8

	SM 
	-22,2
	1,0
	-22,1
	1,1

	MS 
	-22,2
	1,0
	-22,1
	1,1

	MM 
	-22,0
	1,3
	-21,9
	1,4


2.2.4 Power offsets when 1 carrier is activated

Table 4 illustrates the required Ec/N0 values for the case where only the serving HS-DSCH cell is active. From the table we can observe that a power offset of 0 dB and 2 dB is sufficient for the for SISO and MIMO transmissions respectively. This corresponds to the power offsets used for Rel-5 and Rel-7 respectively.
Table 4: Required Ec/N0 values for 4-carrier HSDPA when serving HS-DSCH cell is the only activated cell. 

	Activation status
	Ec/N0
	Ec/N0
	Ec/N0 (worst)
	Ec/N0 (worst)

	S (reference)
	-23,2
	
	
	

	S
	-23,2
	0,0
	-23,2
	0,0

	M
	-23,1
	0,1
	-23,1
	0,1


2.3 3-carrier HSDPA without MIMO configured on any carrier

Previous subsections evaluated the required power offsets when the UE was configured with 3 carriers (and at least one of them was configured in MIMO mode) or when the UE was configured with 4 carriers. This section presents the power offsets when the UE is configured with 3 carriers and none of the carriers is configured in MIMO mode. For this setting it was agreed that a new code book should be adopted. This codebook is described in [2]. Note that the evaluations are performed for a false alarm rate requirement of 1 percent and a combined misdetection and decoding error requirement of 1 percent.
2.3.1 Power offsets when 3 carriers are activated

Table 5 shows the required Ec/N0 values for 3-carrier HSDPA (without MIMO configured on any carrier) when 3 carriers are activated. From the table we can observe that (as compared to Rel-5) a power offset of 2 dB are required both when the average and worst performance is considered.

Table 5: Required Ec/N0 values for 3-carrier HSDPA (without MIMO on any carrier) when 3 carriers are activated.

	Activation status
	Ec/N0
	Ec/N0
	Ec/N0 (worst)
	Ec/N0 (worst)

	S (reference)
	-23,2
	
	
	

	SSS 
	-21,9
	1,3
	-21,8
	1,5


3 Discussion
Above we evaluated the power offsets required to meet a combined misdetection and decoding error performance of 1 percent. The evaluation was performed for an AWGN channel only. Based on our observations the power offsets listed in Table 6 seem appropriate. Note that these values correspond to those listed in the draft CR (within the brackets). 
Table 6: Summary of the required power offsets for the studied scenarios.

	Secondary_Cell_Active
	Condition
	Ahs equals the quantized amplitude ratio translated from

	
	
	HARQ-ACK message sent in one time slot

	
	
	contains at least one ACK but no NACK
	contains at least one NACK but no ACK
	contains both ACK and NACK or is a PRE or is a POST

	1
	
	ΔACK +1
	ΔNACK +1
	MAX( ΔACK +1, ΔNACK +1)

	2                                               
	Secondary_Cell_Enabled = 2 and UE is not configured in MIMO mode
	ΔACK +1
	ΔNACK +1
	MAX( ΔACK +1, ΔNACK +1)

	2
	Otherwise
	ΔACK +2
	ΔNACK +2
	MAX( ΔACK +2, ΔNACK +2)

	3
	
	ΔACK +2
	ΔNACK +2
	MAX( ΔACK +2, ΔNACK +2)


An observation that can be made from Table 6 is that when 4 carriers are activated and/or when 3 carriers are activated (and at least one of the carriers is configured with MIMO) a power offset of +2 (~4 dB) needs to be used. In previous releases the network can signal a power offset ACK, NACK between 0 and 8 (see section 10.3.6.91 in [4]). However, in Rel-7 (with MIMO), Rel-8 (DC-HSDPA), and Rel-9 (DC-HSDPA+MIMO) the UE relies on list of gain factors that consists of 10 elements. Extending this approach to Rel-10 would mean that an additional power offset is introduced in Table1A (section 4.2.1.2 in [3]). Following the approach where there is a ~2 dB granularity between power offsets a suitable value for an additional gain factor would be hs=48/15. Note that even though this additional gain factor would be added in [3] the network should still only be allowed to signal power offset values between 0 and 8 (as in previous releases).
Table 7: The table illustrates the suggested values for the ACK, NACK, and CQI for UEs configured with 4-carrier HSDPA. Note that one additional power offset has been inserted. This power offset is highlighted by the yellow background. Note also that the table is based on Table 1A in section 4.2.1.2 in [3].
	Signaled values for  ACK, ACK and CQI
	Quantized amplitude ratios  

Ahs =hs/c

	10
	48/15

	9
	38/15

	8
	30/15 

	7
	24/15 

	6
	19/15 

	5
	15/15 

	4
	12/15 

	3
	9/15 

	2
	8/15 

	1
	6/15 

	0
	5/15 


4 Conclusion

This contribution has evaluated the required power offsets for the HARQ-ACK feedback information in 4-carriers HSDPA. Based on our observations it is proposed:

Proposal 1: RAN1 agrees to use the power offsets listed in Table 8.

Proposal 2: RAN1 agrees to extend the list of supported hs gain factors with one additional value (48/15).
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