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1
Introduction
A work item on combining DC-HSDPA and MIMO was recently introduced in [1]. In [2], a design framework for HS-DPCCH was provided for a combination of DC-HSDPA and MIMO as well as MC-HSPA (3 or 4 carriers). In [3]-[7] different companies have proposed codebooks for the ACK/NACK signaling for the purpose of simultaneous operation of DC-HSDPA and MIMO. In this document, we present a new set of codebooks for ACK/NACK signaling corresponding to varying degrees of backward compatibility. Furthermore, we perform an analysis to compare the performance of these codebooks against the proposed codebooks in [6] and [7].
2
DC-HSDPA MIMO Agreements from RAN1#56-bis

In this section, we list the RAN1 agreements made with regard to DC-HSDPA MIMO as captured in the RAN1 Ad-Hoc meeting notes [2].

DC-HSDPA MIMO

RAN1#56bis agreements:

· 1 HS-DPCCH

· TDM of CQI

· A/N codebook(s) FFS until next meeting

Aspects of A/N codebook design, in no particular order:

· Performance (e.g. codeword distance properties, error detection probability, misdetection probability, RLC retransmission probability)

· Compatibility/reuse of old codebooks

· Robustness when feature is being completely or partly (de)activated

CQI repetition:

· Option 1: The repetitions of CQI1 and CQI2 are interleaved

· Option 2: First all CQI1 repetitions are transmitted, then all CQI2 repetitions

· We agree on option 2 as working assumption

Deactivation:

· When serving cell deactivates DC-HSDPA operation, the UE reverts to Rel-7 MIMO format for HS-DPCCH (similarly as for Rel-8 DC-HSDPA operation without MIMO), and CQI2 is not transmitted

CPC:

· All repetitions of both CQI1 and CQI2 are transmitted whenever CQI is supposed to be transmitted according to Rel-7 CPC specification

HS-DPCCH power offsets:

· It is FFS whether to have cell-specific parameters for the HS-DPCCH power offsets

· This issue may be related to the Dual-Band DC-HSDPA WI

3
New ACK/NACK Codebooks
In [3], a HS-DPCCH ACK/NACK signaling codebook for the purpose of simultaneous operation of DC-HSDPA and MIMO was proposed assuming a single channelization code (SF = 256). The codebook was based on a basic design principle of partitioning the code space into 4 different groups (SIMO/SIMO, SIMO/MIMO, MIMO/SIMO and MIMO/MIMO) as proposed in [2], [3]. Upon further analysis of the proposed codebook in [3], we realize that since the codebook design was derived from a linear binary code, the code distance spectrum was not fully optimized and hence it suffered in RLC retransmission performance compared to the codebooks proposed in [6]. 
In this section, we present new codebooks based on a exhaustive search of code words. The exhaustive search technique still follows the design principle as proposed in [3] and [4].  
Table 1 lists the potential combinations of what happened at the NodeB and what happened at the UE. The legend for the table is as follows:

· In the “NodeB Schedule” row, in the 4 columns, we list 4 possible combinations of SIMO and MIMO streams that were scheduled on the 2 carriers
· In the “NodeB Detection Hypothesis or UE Transmit” row, in each of the cells, the notation x/y refers to x streams detected on the 1st carrier and y streams detected on the 2nd carrier. For example:

· 2/1 denotes that 2 streams were detected on the 1st carrier and 1 stream was detected on the 2nd carrier

· 0/2 denotes that no HS-SCCH was detected on the 1st carrier and 2 streams were detected on the 2nd carrier.

· The number in the parentheses refers to the number of possible codes for the combination of NodeB Scheduling decision and NodeB detection Hypothesis. So for example, when the NodeB schedules SIMO on Carrier 1 and MIMO on Carrier 2, and the UE detects HS-SCCH on each of the carrier then it can respond with 8 possible codewords corresponding to 8 combinations of ACK, NACK on each stream.
Table 1: Potential Combinations of NodeB scheduler decsion and NodeB detection hypothesis

	Node B Schedule
	SIMO/SIMO
	SIMO/MIMO
	MIMO/SIMO
	MIMO/MIMO

	Node B Detection Hypothesis or    UE Transmit
	1/1 (4)
	1/2 (8)
	2/1 (8)
	2/2 (16)

	
	1/0 (2)
	1/0 (2)
	2/0 (4)
	2/0 (4)

	
	0/1 (2)
	0/2 (4)
	0/1 (2)
	0/2 (4)

	
	0/0 
	0/0
	0/0
	0/0


As observed in Table 1, the following design considerations apply:

· Some code words must be reused (shaded by the same color) to avoid ambiguity.
· For example, when the UE send AA/DTX, it doesn’t know if it missed a SIMO or a MIMO transmission in the 2nd carrier.
· Some code words may be reused when there is no ambiguity, such as 1/2 (8) and 2/1 (8). 
· Furthermore 1/2 (8) and 2/1(8) can be selected from 2/2 (16).

Based on the above design considerations, we list 3 different sets of codewords, each of which consists of 4 groups:
· Codebook 1: This codebook is backward compatible to Rel 8 S/S codewords and Rel 7 MIMO codewords.

· Codebook 2: This codebook is backward compatible to Rel 7 MIMO codewords only.

· Codebook 3: This codebook is NOT backward compatible to Rel 8 S/S codewords NOR Rel 7 MIMO codewords.

These codebooks are similar to Schemes 1, 2 and 3 as proposed in [6].
3.1
Codebook 1
This codebook is backward compatible to Rel 8 S/S codewords and Rel 7 MIMO codewords. Tables 2 through 5 list a set of HS-DPCCH codewords for each of the 4 groups.
Table 2 : Codebook 1: Group A, NodeB schedules SIMO/SIMO

	UE det
	Codewords

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	A/A
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	A/N
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	N/A
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	N/N
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


Table 3: Codebook 1: Group B, NodeB schedules SIMO/MIMO
	UE Det
	Codewords

	N/NN
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1

	A/NN
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1

	N/NA
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0

	A/NA
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1

	N/AN
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0

	A/AN
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1

	N/AA
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0

	A/AA
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0

	D/NN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1

	D/NA
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1

	D/AN
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0

	D/AA
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Table 4: Codebook 1: NodeB schedules MIMO/SIMO
	UE Det
	Codewords

	NN/N
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1

	NN/A
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0

	NA/N
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1

	NA/A
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1

	AN/N
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0

	AN/A
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0

	AA/N
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	AA/A
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	D/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0


Table 5: Codebook 1: Group D, NodeB schedules MIMO/MIMO
	UE Det
	Codewords

	NNNN
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1

	NNNA
	0
	1
	1
	0
	0
	1
	0
	0
	0
	0

	NNAN
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0

	NNAA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	NANN
	0
	0
	1
	1
	0
	1
	1
	1
	1
	0

	NANA
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1

	NAAN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	NAAA
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0

	ANNN
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	ANNA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	ANAN
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0

	ANAA
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1

	AANN
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	AANA
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1

	AAAN
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1

	AAAA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	D/NN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1

	D/NA
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1

	D/AN
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0

	D/AA
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0


3.2
Codebook 2
This codebook is backward compatible to Rel 7 MIMO codewords only. Tables 6 through 9 lists a set of HS-DPCCH codewords for each of the 4 groups.
Table 6: Codebook 2: Group A, NodeB schedules SIMO/SIMO

	UE Det
	Codewords

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	A/A
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	A/N
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1

	N/A
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0

	N/N
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0


Table 7: Codebook 2: Group B, NodeB schedules SIMO/MIMO
	UE Det
	Codewords

	N/NN
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1

	A/NN
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1

	N/NA
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0

	A/NA
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1

	N/AN
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0

	A/AN
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1

	N/AA
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0

	A/AA
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0

	D/NN
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1

	D/NA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	D/AN
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	D/AA
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Table 8: Codebook 2: Group C, NodeB schedules MIMO/SIMO
	UE Det
	Codewords

	NN/N
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1

	NN/A
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	NA/N
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	NA/A
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	AN/N
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	AN/A
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	AA/N
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	AA/A
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	D/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0


Table 9: Codebook 2: NodeB schedules MIMO/MIMO

	UE Det
	Codewords

	NNNN
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1

	NNNA
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

	NNAN
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0

	NNAA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	NANN
	0
	0
	1
	1
	0
	1
	1
	1
	1
	0

	NANA
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	NAAN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	NAAA
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0

	ANNN
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	ANNA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	ANAN
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	ANAA
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1

	AANN
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1

	AANA
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1

	AAAN
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1

	AAAA
	1
	0
	1
	1
	1
	0
	0
	1
	1
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	D/NN
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1

	D/NA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	D/AN
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	D/AA
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0


3.3
Codebook 3
This codebook is NOT backward compatible to Rel 8 S/S codewords or Rel 7 MIMO codewords, but has the best distance spectrum. Tables 10 through 13 list a set of HS-DPCCH codewords for each of the 4 groups.
Table 10: Codebook 3: Group A, NodeB schedules SIMO/SIMO

	UE Det
	Codewords

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	D/N
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	A/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	A/N
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	N/A
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1

	N/N
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0


Table 11: Codebook 3: Group B, NodeB schedules SIMO/MIMO
	UE Det
	Codewords

	N/NN
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	A/NN
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	N/NA
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1

	A/NA
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1

	N/AN
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0

	A/AN
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	N/AA
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0

	A/AA
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	D/NN
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1

	D/NA
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0

	D/AN
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	D/AA
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Table 12: Codebook 3: Group C, NodeB schedules MIMO/SIMO
	UE Det
	Codewords

	NN/N
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	NN/A
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	NA/N
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1

	NA/A
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0

	AN/N
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0

	AN/A
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	AA/N
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	AA/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1

	NA/D
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0

	AN/D
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0

	AA/D
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1

	D/N
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	D/A
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0


Table 13: Codebook 3: Group C, NodeB schedules MIMO/MIMO

	UE Det
	Codewords

	NNNN
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0

	NNNA
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	NNAN
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	NNAA
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0

	NANN
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NANA
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	NAAN
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1

	NAAA
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	ANNN
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	ANNA
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1

	ANAN
	1
	1
	1
	0
	0
	0
	1
	1
	0
	1

	ANAA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AANN
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	AANA
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	AAAN
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	AAAA
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1

	NA/D
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0

	AN/D
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0

	AA/D
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1

	D/NN
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1

	D/NA
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0

	D/AN
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	D/AA
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0


4
Code Distance Spectrum Analysis
In this section, we perform a code distance analysis of the following HS-DPCCH (A/N) coding schemes:
· Huawei Codebooks 1, 2, and 3 as proposed in [6]
· Qualcomm Codebooks 1, 2, and 3 as proposed in this document

· Ericsson Codebooks 1, and 2 as proposed in [7]
Tables 14 through 17 list the pairwise code distance spectrum of each of the proposed code books. 
Table 14: Code Distance Spectrum Analysis for SIMO/SIMO

	
	Code Distance Spectrum for SIMO/SIMO

	Distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	HW1
	0
	0
	0
	4
	16
	4
	0
	0
	0
	4

	HW2
	0
	0
	0
	4
	12
	10
	0
	0
	0
	2

	HW3
	0
	0
	0
	2
	16
	8
	0
	0
	0
	2

	QC1
	0
	0
	0
	4
	16
	4
	0
	0
	0
	4

	QC2
	0
	0
	0
	4
	12
	10
	0
	0
	0
	2

	QC3
	0
	0
	0
	2
	16
	8
	0
	0
	0
	2

	EC1
	0
	0
	0
	0
	16
	8
	0
	4
	0
	0

	EC2
	0
	0
	0
	4
	16
	4
	0
	0
	0
	4


Table 15: Code Distance Spectrum Analysis for SIMO/MIMO

	
	Code Distance Spectrum for SIMO/MIMO

	Distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	HW1
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	HW2
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	HW3
	0
	0
	0
	10
	48
	31
	0
	0
	0
	2

	QC1
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	QC2
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	QC3
	0
	0
	0
	10
	48
	31
	0
	0
	0
	2

	EC1
	0
	0
	0
	40
	18
	18
	6
	9
	0
	0

	EC2
	0
	0
	0
	36
	24
	18
	0
	12
	0
	1


Table 16: Code Distance Spectrum Analysis for MIMO/SIMO

	
	Code Distance Spectrum for MIMO/SIMO

	Distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	HW1
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	HW2
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	HW3
	0
	0
	0
	10
	48
	31
	0
	0
	0
	2

	QC1
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	QC2
	0
	0
	0
	12
	48
	27
	0
	0
	0
	4

	QC3
	0
	0
	0
	10
	48
	31
	0
	0
	0
	2

	EC1
	0
	0
	0
	38
	18
	19
	6
	10
	0
	0

	EC2
	0
	0
	0
	43
	0
	36
	0
	11
	0
	1


Table 17: Code Distance Spectrum Analysis for MIMO/MIMO

	
	Code Distance Spectrum for MIMO/MIMO

	Distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	HW1
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	HW2
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	HW3
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	QC1
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	QC2
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	QC3
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	EC1
	0
	0
	0
	150
	0
	88
	0
	38
	0
	0

	EC2
	0
	0
	0
	147
	0
	94
	0
	35
	0
	0


From the Code Distance Spectrum tables, we observe the following:

· The HW1, HW2, HW3 match exactly with QC1, QC2 and QC3 respectively for each of SIMO/SIMO, SIMO/MIMO, MIMO/SIMO and MIMO/MIMO

· For the SIMO/SIMO case:

· EC2 matches QC1 and HW1

· The minimum pairwise code distance of EC1 = 5 compared to 4 for the rest of the schemes

· For the SIMO/MIMO case:

· The minimum pairwise code distance of all schemes = 4.
· There is a high occurence of pairwise distance = 4 for the EC1 (40) and EC2 (36) cases compared to the HW1(12), HW2(12), HW3(10) and QC1(12), QC2(12), QC3(10)

· For the MIMO/SIMO case:

· The minimum pairwise code distance of all schemes = 4.

· There is a high occurence of pairwise distance = 4 for the EC1 (38) and EC2 (43) cases compared to the HW1(12), HW2(12), HW3(10) and QC1(12), QC2(12), QC3(10)

· For the MIMO/MIMO case:

· The minimum pairwise code distance of all schemes = 4.

· There is a high occurence of pairwise distance = 4 for the EC1 (150) and EC2 (147) cases compared to the HW1(60), HW2(60), HW3(60) and QC1(60), QC2(60), QC3(60)
5
Link Level Analysis

5.1
RLC Retransmission Analysis
An important metric used to compare the different codebooks is the probability of RLC layer retransmission, which is caused by the error event that NACK decoded as ACK, or DTX decoded as ACK by Node B. For example: “NA/AA” decoded as “AN/AA”. The overal RLC retransmission probability is defined as follows:
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Where m represents the ack code word that UE transmitted, and k represents the ack code word that Node B decoded.  P(m) represents the a priori probability that a specific codeword is transmitted.  P(m,k) represents the probability that codeword m is detected as codeword k at Node B. c(m,k) corresponds to the number of “Nack to Ack” or “dtx to ack” transitions from m to k.
We assume that a downlink HS-SCCH can be missed by the UE with probability Pm. Each data stream is successfully decoded by the UE with probability Pa (conditioned on HS-SCCH is not missed). Therefore, 
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For simplicity, we upper bound the quantity 
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Where 
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is the hamming distance between codewords m and k. Notice that at high SNR, the bound is tight.
Figure 1~4 show the RLC layer retransmission probabilities for the four scheduling groups, respectively for each of the proposed codebooks by the different companies, assuming Pm=0.01, and Pa=0.89. 

Figure 5 plots RLC layer retransmission probabilities for the four scheduling groups in the same figure, using codebook 2 listed in Section 3.2. From the figure, we could roughly evaluate the increase in control to pilot ratio when MIMO is scheduled in both carriers compared to only SIMO is scheduled in both carriers.
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Figure 1: RLC Retransmission Probabilities for SIMO/SIMO
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Figure 2: RLC Retransmission Probabilities for SIMO/MIMO
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Figure 3: RLC Retransmission Probabilities for MIMO/SIMO
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Figure 4: RLC Retransmission Probabilities for MIMO/MIMO
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Figure 5: RLC Retransmission Probabilities using Code2 in Section 3.2

As seen in Figures 1-4:

· For the SIMO/SIMO case:
· The HW2, QC2, and EC2 outperform the remaining schemes by ~0.2dB

· For the SIMO/MIMO case:

· HW3 and QC3 outperform EC1 by 0.8dB and EC2 by 1dB

· HW3 and QC3 outperforms HW1,HW2,QC1,QC2 by 0.2dB
· For the MIMO/SIMO case:

· HW3 and QC3 outperform EC1 by 0.8dB and EC2 by 1dB

· HW3 and QC3 outperforms HW1,HW2,QC1,QC2 by 0.1dB
· For the MIMO/MIMO case:
· There is no difference in performance between HW1, HW2, and HW3 and QC1, QC2, QC3.

· Any of HW1-HW3, or QC1-QC3 outperforms EC1by 0,75dB and EC2 by 0.6 dB

5.2
Miss Detection Errors
Notice that the above RLC retransmission analysis ignores the miss detection error events, where energy of the received signal (or matched filter output with the correct hypothesis) fails to pass a threshold. This is because such an error event is not related to RLC layer retransmission. However, for all the proposed single code-word schemes, the miss detection probability is mainly dominant by the total received signal power. Therefore, for the same channel and control to pilot power ratio settings, the long term miss detection probability of these different coding schemes should be roughly comparable
6
Conclusions

In this contribution, we have proposed new HS-DPCCH codebooks for ACK/NACK signaling corresponding to varying degrees of backward compatibility. These codebooks were determined via an exhaustive search. Furthermore, we performed an analysis to compare the performance of these ACK/NACK codebooks against the previously proposed codebooks in [5] and [6] in terms of code distance spectrum and RLC retransmissions. From this analysis we conclude the following:
· The codebooks QC1, QC2, QC3 proposed in this document match exactly the Huawei codebooks HW1, HW2, HW3, as proposed in [6] in terms of both code distance spectrum and RLC retransmission analysis.
· The QC3 and HW3 schemes outperform the EC1 and EC2 schemes by 0.8dB and 1 dB respectively for the SIMO/MIMO , MIMO/SIMO and by 0.6dB and 0.75 dB respectively for the MIMO/MIMO schemes.

· Given that there is not much difference in performance difference in terms of RLC retransmission probability, we propose to either use QC1 or HW1 (can be decided by toss of a coin). The choice of Scheme 1 is mainly from a backward compatibility point of view since both Rel-8 DC-HSDPA SIMO codewords and Release-7 MIMO code words can be accomodated.

· We also observe a difference in link requirement (Ec/Nt) between the the SIMO/SIMO, SIMO/MIMO, MIMO/SIMO and MIMO/MIMO schemes:

· SIMO/SIMO is ~1dB better than SIMO/MIMO or MIMO/SIMO

· SIMO/MIMO is ~0.8dB better than MIMO/MIMO
· This suggests that we could potentially scale the signaled ΔACK or ΔNACK according ly while ensuring that any codeword that contains a DTX and is common to more than one group is transmitted with the higher power setting amongst all the groups. 

· We propose that once a codebook is decided, further link analysis be performed to determine a suitable power offset by the next meeting.
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