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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 this document, we present solutions for both single channelization code and dual channelization code design when a UE is configured for DC-HSDPA and MIMO in each cell.
2
Summary of HS-DPCCH design for DC-HSDPA

The HS-DPCCH design for DC-HSDPA was studied in great detail during Release 8 SI/WI. RAN1 initially agreed on a dual channelization code solution [5]-[8] which was a simple extension of the Release 5 HS-DPCCH design by transmitting 2 separate HS-DPCCH. Each HS-DPCCH carried ACK/NACK and CQI feedback information for a separate carrier. 

However, a thorough cubic metric analysis and uplink coverage study [6]-[10] revealed an impact in link budget due to transmission of HS-DPCCH on two separate channelization codes for DC-HSDPA. As a result, a single channelization scheme was chosen for HS-DPCCH as specified in [3]-[5]. 

The single channelization code R8 HS-DPCCH design can be summarized as follows;

· Jointly encoding the ACK/NACK/DTX information of the 2 carriers using 1 out of 10 code words, sent in a single time slot. 

· Jointly encoding the CQI of the 2 carriers by reusing the existing (20,10) code used for Type A MIMO HS-DPCCH (PCI/CQI) reports

3
HS-DPCCH design for DC-HSDPA and MIMO is configured in each cell

In this section, we discuss the HS-DPCCH design options for the case when dual cell operation is enabled and MIMO is configured in each cell. Both single and dual channelization code designs are discussed for the ACK/NACK and CQI channels.
3.1
Single Channelization Code
A motivation for considering a single channelization code design is to allow for a future evolution to a combination of MC-HSDPA (4 carriers) and MIMO. In that case, the single channelization code design can be extended to a dual channelization code solution. In the case of a single channelization code, the HS-DPCCH can be designed as shown in Figure 1. 

For the ACK/NACK part, a new joint coding scheme would be needed to support ACK/NACK feedback of up to 2 MIMO streams in each of the 2 carriers. We discuss further the requirements of this joint coding scheme in Section 4.

The PCI and CQI feedback information for each carrier can be time division multiplexed (CQI of Carrier 2 is offset in time with respect to CQI of Carrier 1) by setting the minimum value of CQI Feedback cycle = 2 TTI = 4ms. Under this constraint, there is no need to design any new channel coding scheme for the PCI/CQI feedback information when using a single channelization code. Instead we can reuse the following channel coding schemes from previous releases as below:

· HS-DPCCH channel coding of PCI/CQI for MIMO

· (20,10) channel coding for Type A reports

· (20,7) channel coding for Type B reports

· The method of offsetting CQI information of the 2 carriers as proposed [17],[18] in Release 8 for DC-HSDPA when CQI Feedback cycle is greater than 1 TTI. 
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Figure 1: HS-DPCCH using single channelization code for DC-HSDPA and MIMO configured in each carrier
3.2
Dual Channelization Codes
In the case of dual channelization codes, the HS-DPCCH can be designed as shown in Figure 2. 

The ACK/NACK, PCI and CQI feedback information for each of the carriers can be sent in parallel on a separate channelization code. The specific channelization code indices can be as proposed during the DC-HSDPA Release 8 study [7]. Hence, when using dual channelization codes, we can reuse the HS-DPCCH channel coding schemes already specified in previous releases:

· Release 7 HS-DPCCH channel coding of H-ARQ ACK/NACK for MIMO

· Release 7 HS-DPCCH channel coding of PCI/CQI for MIMO

· (20,10) channel coding for Type A reports

· (20,7) channel coding for Type B reports
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Figure 2: HS-DPCCH using dual channelization codes for DC-HSDPA and MIMO configured in each carrier

4
Single Channelization Code: H-ARQ ACK/NACK Hypotheses
In this section we consider the problem of ACK/NACK design using a single channelization code, when MIMO and DC-HSDPA are configured simultaneously.  

If we were to blindly list all the possible H-ARQ ACK/NACK hypotheses corresponding to all combinations of MIMO and DC-HSDPA scheduling events, then there are a total of 50 hypotheses (including PRE/POST) as listed in Table 1. 
However, this does not mean that 50 distinct code words need be defined in this case, since we can identify different sets of hypotheses that are mutually exclusive to each other. In particular, there are 4 sets of hypotheses that can be categorized under the following events:

· Group A: NodeB schedules 1 transport block on serving HS-DSCH cell and 1 transport block on secondary serving HS-DSCH cell
· Group B: NodeB schedules 1 transport block on serving HS-DSCH cell and 2 transport blocks on secondary serving HS-DSCH cell
· Group C: NodeB schedules 2 transport blocks on serving HS-DSCH cell and 1 transport block on secondary serving HS-DSCH cell
· Group D: NodeB schedules 2 transport blocks on serving HS-DSCH cell and 2 transport blocks on secondary serving HS-DSCH cell
Group A: NodeB schedules 1 transport block on serving HS-DSCH cell and 1 transport block on secondary serving HS-DSCH cell

This case corresponds to the DC-HSDPA Release 8 scenario when MIMO is not configured in either carrier. Table 2 lists 10 possible combinations of H-ARQ responses from the UE whenever such an event happens at the NodeB. The hypotheses allow for the possibility that the UE missed decoding HS-SCCH on either of the carriers. Hence we can reuse the 10 code words that have already been specified in Release 8 for DC-HSDPA whenever this combination of scheduling happens at the NodeB.
Table 2: H-ARQ ACK/NACK when NodeB schedules 1 transport block on serving HS-DSCH cell and 1 transport block on secondary serving HS-DSCH cell
	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK

	NACK

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

	ACK

	NACK

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

	Response to transport block from serving HS-DSCH cell
	Response to transport block from secondary serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	PRE/POST indication

	PRE

	POST


Group B: NodeB schedules 1 transport block on serving HS-DSCH cell and 2 transport blocks on secondary serving HS-DSCH cell

Whenever this combination of scheduling happens at the NodeB, we can expect 16 possible combinations of H-ARQ responses from the UE as listed in Table 3. Hence a codebook of size 16 would need to be defined in this case. 

Table 3: H-ARQ ACK/NACK when NodeB schedules 1 transport block on serving HS-DSCH cell and 2 transport blocks on secondary serving HS-DSCH cell
	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK

	NACK

	HARQ-ACK in response to two scheduled transport blocks on the secondary serving HS-DSCH cell

	Response to primary transport block from secondary serving HS-DSCH cell
	Response to secondary transport block from secondary serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

	Response to primary transport block from serving HS-DSCH cell
	Response to primary transport block from secondary serving HS-DSCH cell
	Response to secondary transport block from secondary serving HS-DSCH cell

	ACK
	ACK
	ACK

	ACK
	ACK
	NACK

	ACK
	NACK
	ACK

	ACK
	NACK
	NACK

	NACK
	ACK
	ACK

	NACK
	ACK
	NACK

	NACK
	NACK
	ACK

	NACK
	NACK
	NACK

	PRE/POST indication

	PRE

	POST


Group C: NodeB schedules 2 transport blocks on serving HS-DSCH cell and 1 transport block on secondary serving HS-DSCH cell

Whenever this combination of scheduling happens at the NodeB, again we can expect 16 possible combinations of H-ARQ responses from the UE as listed in Table 4. Hence a new codebook of size 16 would need to be defined in this case.

Table 4: H-ARQ ACK/NACK when NodeB schedules 2 transport blocks on serving HS-DSCH cell and 1 transport block on secondary serving HS-DSCH cell
	HARQ-ACK when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell

	ACK

	NACK

	HARQ-ACK in response to two scheduled transport blocks on the serving HS-DSCH cell

	Response to primary transport block from serving HS-DSCH cell
	Response to secondary transport block from serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

	Response to primary transport block from serving HS-DSCH cell
	Response to secondary transport block from serving HS-DSCH cell
	Response to primary transport block from secondary serving HS-DSCH cell

	ACK
	ACK
	ACK

	ACK
	NACK
	ACK

	NACK
	ACK
	ACK

	NACK
	NACK
	ACK

	ACK
	ACK
	NACK

	ACK
	NACK
	NACK

	NACK
	ACK
	NACK

	NACK
	NACK
	NACK

	PRE/POST indication

	PRE

	POST


Group D: NodeB schedules 2 transport blocks on serving HS-DSCH cell and 2 transport blocks on secondary serving HS-DSCH cell

Whenever this combination of scheduling happens at the NodeB, we can expect 26 possible combinations of H-ARQ responses from the UE as listed in Table 5. 

Table 5: H-ARQ ACK/NACK when NodeB schedules 2 transport blocks on serving HS-DSCH cell and 2 transport blocks on secondary serving HS-DSCH cell
	HARQ-ACK in response to two scheduled transport blocks on the serving HS-DSCH cell

	Response to primary transport block from serving HS-DSCH cell
	Response to secondary transport block from serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	HARQ-ACK in response to two scheduled transport blocks on the secondary serving HS-DSCH cell

	Response to primary transport block from secondary serving HS-DSCH cell
	Response to secondary transport block from secondary serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	HARQ-ACK when UE detects two scheduled transport blocks on the serving HS-DSCH cell and two scheduled transport blocks on the secondary serving HS-DSCH cell

	Serving HS-DSCH Cell
	Secondary Serving HS-DSCH Cell

	Response to primary transport block
	Response to secondary transport block
	Response to primary transport block
	Response to secondary transport block

	ACK
	ACK
	ACK
	ACK

	ACK
	ACK
	ACK
	NACK

	ACK
	ACK
	NACK
	ACK

	ACK
	ACK
	NACK
	NACK

	ACK
	NACK
	ACK
	ACK

	ACK
	NACK
	ACK
	NACK

	ACK
	NACK
	NACK
	ACK

	ACK
	NACK
	NACK
	NACK

	NACK
	ACK
	ACK
	ACK

	NACK
	ACK
	ACK
	NACK

	NACK
	ACK
	NACK
	ACK

	NACK
	ACK
	NACK
	NACK

	NACK
	NACK
	ACK
	ACK

	NACK
	NACK
	ACK
	NACK

	NACK
	NACK
	NACK
	ACK

	NACK
	NACK
	NACK
	NACK

	PRE/POST indication

	PRE

	POST


5
Single Channelization Code: H-ARQ ACK/NACK Code Design
In this section, we present binary codes for the 4 different groups listed in the previous section. Before we present the codes, it is useful to list some assumptions behind the design. Table 6 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 “UE 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 UE 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 6: Potential Combinations of NodeB scheduler decsion and UE 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 6, 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, Tables 7 through 10 list a set of HS-DPCCH codewords for each of the 4 groups.
Table 7: HS-DPCCH Codewords for 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 8: HS-DPCCH Codewords for Group B, NodeB schedules SIMO/MIMO
	UE Det
	Codewords

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

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

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

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

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

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

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

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

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

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

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

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

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

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


Table 9: HS-DPCCH Codewords for Group C, NodeB schedules MIMO/SIMO
	UE Det
	Codewords

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

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

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

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

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

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

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

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

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

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

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

	AA/D 
	1 
	1 
	0 
	0 
	1 
	1 
	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 


Table 10: HS-DPCCH Codewords for Group D, NodeB schedules MIMO/MIMO
	UE Det
	Codewords

	NNNN 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	0 

	NNNA 
	0 
	1 
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	1 

	NNAN 
	0 
	1 
	0 
	1 
	1 
	0 
	0 
	1 
	1 
	1 

	NNAA 
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	0 
	0 
	0 

	NANN 
	0 
	1 
	1 
	0 
	0 
	1 
	0 
	1 
	1 
	1 

	NANA 
	0 
	1 
	1 
	0 
	0 
	1 
	1 
	0 
	0 
	0 

	NAAN 
	0 
	1 
	1 
	0 
	1 
	0 
	0 
	1 
	0 
	0 

	NAAA 
	0 
	1 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	1 

	ANNN 
	1 
	0 
	0 
	1 
	0 
	1 
	0 
	1 
	1 
	1 

	ANNA 
	1 
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	0 
	0 

	ANAN 
	1 
	0 
	0 
	1 
	1 
	0 
	0 
	1 
	0 
	0 

	ANAA 
	1 
	0 
	0 
	1 
	1 
	0 
	1 
	0 
	1 
	1 

	AANN 
	1 
	0 
	1 
	0 
	0 
	1 
	0 
	1 
	0 
	0 

	AANA 
	1 
	0 
	1 
	0 
	0 
	1 
	1 
	0 
	1 
	1 

	AAAN 
	1 
	0 
	1 
	0 
	1 
	0 
	0 
	1 
	1 
	1 

	AAAA 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	0 
	0 

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

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

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

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

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

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

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

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


6
Distance Analysis
In this section, we list the pair-wise hamming distances of the four group of code words, respectively. We will observe that the codes have some desirable distance properties..
Table 11: Pairwise Distance between HS-DPCCH code words, Group A, NodeB schedules SIMO/SIMO
	
	A/D
	N/D
	D/A
	D/N
	A/A
	A/N
	N/A
	N/N

	A/D
	0
	10
	5
	5
	5
	4
	6
	5

	N/D
	10
	0
	5
	5
	5
	6
	4
	5

	D/A
	5
	5
	0
	10
	4
	5
	5
	6

	D/N
	5
	5
	10
	0
	6
	5
	5
	4

	A/A
	5
	5
	4
	6
	0
	5
	5
	10

	A/N
	4
	6
	5
	5
	5
	0
	10
	5

	N/A
	6
	4
	5
	5
	5
	10
	0
	5

	N/N
	5
	5
	6
	4
	10
	5
	5
	0


Table 12: Pairwise Distance between HS-DPCCH code words, Group B, NodeB schedules SIMO/MIMO
	
	N/NN
	A/NN
	N/NA
	A/NA
	N/AN
	A/AN
	N/AA
	A/AA
	D/NN
	D/NA
	D/AN
	D/AA
	N/D
	A/D

	N/NN
	0
	4
	4
	8
	4
	8
	4
	8
	4
	6
	6
	4
	4
	6

	A/NN
	4
	0
	8
	4
	8
	4
	8
	4
	4
	6
	6
	4
	4
	6

	N/NA
	4
	8
	0
	4
	4
	8
	4
	8
	6
	4
	4
	6
	6
	4

	A/NA
	8
	4
	4
	0
	8
	4
	8
	4
	6
	4
	4
	6
	6
	4

	N/AN
	4
	8
	4
	8
	0
	4
	4
	8
	6
	4
	4
	6
	6
	4

	A/AN
	8
	4
	8
	4
	4
	0
	8
	4
	6
	4
	4
	6
	6
	4

	N/AA
	4
	8
	4
	8
	4
	8
	0
	4
	4
	6
	6
	4
	4
	6

	A/AA
	8
	4
	8
	4
	8
	4
	4
	0
	4
	6
	6
	4
	4
	6

	D/NN
	4
	4
	6
	6
	6
	6
	4
	4
	0
	4
	8
	4
	4
	6

	D/NA
	6
	6
	4
	4
	4
	4
	6
	6
	4
	0
	4
	4
	4
	6

	D/AN
	6
	6
	4
	4
	4
	4
	6
	6
	8
	4
	0
	4
	4
	6

	D/AA
	4
	4
	6
	6
	6
	6
	4
	4
	4
	4
	4
	0
	4
	6

	N/D
	4
	4
	6
	6
	6
	6
	4
	4
	4
	4
	4
	4
	0
	10

	A/D
	6
	6
	4
	4
	4
	4
	6
	6
	6
	6
	6
	6
	10
	0


Table 13: Pairwise Distance between HS-DPCCH code words, Group C, NodeB schedules MIMO/SIMO
	
	NN/N
	NN/A
	NA/N
	NA/A
	AN/N
	AN/A
	AA/N
	AA/A
	NN/D
	NA/D
	AN/D
	AA/D
	D/N
	D/A

	NN/N
	0
	4
	4
	8
	4
	8
	4
	8
	4
	6
	6
	4
	5
	5

	NN/A
	4
	0
	8
	4
	8
	4
	8
	4
	4
	6
	6
	4
	7
	3

	NA/N
	4
	8
	0
	4
	4
	8
	4
	8
	6
	4
	4
	6
	3
	7

	NA/A
	8
	4
	4
	0
	8
	4
	8
	4
	6
	4
	4
	6
	5
	5

	AN/N
	4
	8
	4
	8
	0
	4
	4
	8
	6
	4
	4
	6
	3
	7

	AN/A
	8
	4
	8
	4
	4
	0
	8
	4
	6
	4
	4
	6
	5
	5

	AA/N
	4
	8
	4
	8
	4
	8
	0
	4
	4
	6
	6
	4
	5
	5

	AA/A
	8
	4
	8
	4
	8
	4
	4
	0
	4
	6
	6
	4
	7
	3

	NN/D
	4
	4
	6
	6
	6
	6
	4
	4
	0
	4
	4
	4
	5
	5

	NA/D
	6
	6
	4
	4
	4
	4
	6
	6
	4
	0
	4
	4
	3
	7

	AN/D
	6
	6
	4
	4
	4
	4
	6
	6
	4
	4
	0
	4
	5
	5

	AA/D
	4
	4
	6
	6
	6
	6
	4
	4
	4
	4
	4
	0
	7
	3

	D/N
	5
	7
	3
	5
	3
	5
	5
	7
	5
	3
	5
	7
	0
	10

	D/A
	5
	3
	7
	5
	7
	5
	5
	3
	5
	7
	5
	3
	10
	0


Table 14: Pairwise Distance between HS-DPCCH code words, Group D, NodeB schedules MIMO/MIMO

	
	NNNN
	NNNA
	NNAN
	NNAA
	NANN
	NANA
	NAAN
	NAAA
	ANNN
	ANNA
	ANAN
	ANAA
	AANN
	AANA
	AAAN
	AAAA
	NN/D
	NA/D
	AN/D
	AA/D
	D/NN
	D/NA
	D/AN

	NNNN
	0
	4
	4
	4
	4
	4
	4
	8
	4
	4
	4
	8
	4
	8
	8
	8
	4
	6
	6
	4
	4
	6
	6

	NNNA
	4
	0
	4
	4
	4
	4
	8
	4
	4
	4
	8
	4
	8
	4
	8
	8
	6
	4
	4
	6
	6
	4
	4

	NNAN
	4
	4
	0
	4
	4
	8
	4
	4
	4
	8
	4
	4
	8
	8
	4
	8
	6
	4
	4
	6
	6
	4
	4

	NNAA
	4
	4
	4
	0
	8
	4
	4
	4
	8
	4
	4
	4
	8
	8
	8
	4
	4
	6
	6
	4
	4
	6
	6

	NANN
	4
	4
	4
	8
	0
	4
	4
	4
	4
	8
	8
	8
	4
	4
	4
	8
	6
	4
	4
	6
	6
	4
	4

	NANA
	4
	4
	8
	4
	4
	0
	4
	4
	8
	4
	8
	8
	4
	4
	8
	4
	4
	6
	6
	4
	4
	6
	6

	NAAN
	4
	8
	4
	4
	4
	4
	0
	4
	8
	8
	4
	8
	4
	8
	4
	4
	4
	6
	6
	4
	4
	6
	6

	NAAA
	8
	4
	4
	4
	4
	4
	4
	0
	8
	8
	8
	4
	8
	4
	4
	4
	6
	4
	4
	6
	6
	4
	4

	ANNN
	4
	4
	4
	8
	4
	8
	8
	8
	0
	4
	4
	4
	4
	4
	4
	8
	6
	4
	4
	6
	6
	4
	4

	ANNA
	4
	4
	8
	4
	8
	4
	8
	8
	4
	0
	4
	4
	4
	4
	8
	4
	4
	6
	6
	4
	4
	6
	6

	ANAN
	4
	8
	4
	4
	8
	8
	4
	8
	4
	4
	0
	4
	4
	8
	4
	4
	4
	6
	6
	4
	4
	6
	6

	ANAA
	8
	4
	4
	4
	8
	8
	8
	4
	4
	4
	4
	0
	8
	4
	4
	4
	6
	4
	4
	6
	6
	4
	4

	AANN
	4
	8
	8
	8
	4
	4
	4
	8
	4
	4
	4
	8
	0
	4
	4
	4
	4
	6
	6
	4
	4
	6
	6

	AANA
	8
	4
	8
	8
	4
	4
	8
	4
	4
	4
	8
	4
	4
	0
	4
	4
	6
	4
	4
	6
	6
	4
	4

	AAAN
	8
	8
	4
	8
	4
	8
	4
	4
	4
	8
	4
	4
	4
	4
	0
	4
	6
	4
	4
	6
	6
	4
	4

	AAAA
	8
	8
	8
	4
	8
	4
	4
	4
	8
	4
	4
	4
	4
	4
	4
	0
	4
	6
	6
	4
	4
	6
	6

	NND
	4
	6
	6
	4
	6
	4
	4
	6
	6
	4
	4
	6
	4
	6
	6
	4
	0
	4
	4
	4
	4
	4
	4

	NAD
	6
	4
	4
	6
	4
	6
	6
	4
	4
	6
	6
	4
	6
	4
	4
	6
	4
	0
	4
	4
	4
	4
	4

	AND
	6
	4
	4
	6
	4
	6
	6
	4
	4
	6
	6
	4
	6
	4
	4
	6
	4
	4
	0
	4
	8
	4
	4

	AAD
	4
	6
	6
	4
	6
	4
	4
	6
	6
	4
	4
	6
	4
	6
	6
	4
	4
	4
	4
	0
	4
	8
	8

	DNN
	4
	6
	6
	4
	6
	4
	4
	6
	6
	4
	4
	6
	4
	6
	6
	4
	4
	4
	8
	4
	0
	4
	8

	DNA
	6
	4
	4
	6
	4
	6
	6
	4
	4
	6
	6
	4
	6
	4
	4
	6
	4
	4
	4
	8
	4
	0
	4

	DAN
	6
	4
	4
	6
	4
	6
	6
	4
	4
	6
	6
	4
	6
	4
	4
	6
	4
	4
	4
	8
	8
	4
	0


Another way of evaluating the code is to look at 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. 
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represent 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 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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 by the Q-function as follows:
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Where 
[image: image8.wmf]k
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is the hamming distance between codewords m and k. Notice that at high SNR, the bound is tight.
Figure 1 shows the RLC layer retransmission probabilities for the four scheduling groups, respectively. In the calculation, we assume Pm=0.1, Pa=0.9.
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Figure 1: RLC Retransmission Probabilities for each group

6
Conclusions

In this contribution, we have presented HS-DPCCH design for DC-HSDPA and MIMO for both single channelization and dual channelization codes. Besides the obvious advantage of cubic metric and miss detection link performance of the single channelization code scheme over the dual channelization code scheme, the single channelization code design allows for a future evolution to a combination of MC-HSDPA (4 carriers) and MIMO, in which case the single channelization code design could be replicated on dual channelization codes. 
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Annex 
Table 1: H-ARQ ACK/NACK hypotheses for simultaneous operation of DC-HSDPA and MIMO

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

	ACK

	NACK

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

	ACK

	NACK

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

	Response to transport block from serving HS-DSCH cell
	Response to transport block from secondary serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	HARQ-ACK in response to two scheduled transport blocks on the serving HS-DSCH cell

	Response to primary transport block from serving HS-DSCH cell
	Response to secondary transport block from serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	HARQ-ACK in response to two scheduled transport blocks on the secondary serving HS-DSCH cell

	Response to primary transport block from secondary serving HS-DSCH cell
	Response to secondary transport block from secondary serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

	Response to primary transport block from serving HS-DSCH cell
	Response to primary transport block from secondary serving HS-DSCH cell
	Response to secondary transport block from secondary serving HS-DSCH cell

	ACK
	ACK
	ACK

	ACK
	ACK
	NACK

	ACK
	NACK
	ACK

	ACK
	NACK
	NACK

	NACK
	ACK
	ACK

	NACK
	ACK
	NACK

	NACK
	NACK
	ACK

	NACK
	NACK
	NACK

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

	Response to primary transport block from serving HS-DSCH cell
	Response to secondary transport block from serving HS-DSCH cell
	Response to primary transport block from secondary serving HS-DSCH cell

	ACK
	ACK
	ACK

	ACK
	NACK
	ACK

	NACK
	ACK
	ACK

	NACK
	NACK
	ACK

	ACK
	ACK
	NACK

	ACK
	NACK
	NACK

	NACK
	ACK
	NACK

	NACK
	NACK
	NACK

	HARQ-ACK when UE detects two scheduled transport blocks on the serving HS-DSCH cell and two scheduled transport blocks on the secondary serving HS-DSCH cell

	Serving HS-DSCH Cell
	Secondary Serving HS-DSCH Cell

	Response to primary transport block
	Response to secondary transport block
	Response to primary transport block
	Response to secondary transport block

	ACK
	ACK
	ACK
	ACK

	ACK
	ACK
	ACK
	NACK

	ACK
	ACK
	NACK
	ACK

	ACK
	ACK
	NACK
	NACK

	ACK
	NACK
	ACK
	ACK

	ACK
	NACK
	ACK
	NACK

	ACK
	NACK
	NACK
	ACK

	ACK
	NACK
	NACK
	NACK

	NACK
	ACK
	ACK
	ACK

	NACK
	ACK
	ACK
	NACK

	NACK
	ACK
	NACK
	ACK

	NACK
	ACK
	NACK
	NACK

	NACK
	NACK
	ACK
	ACK

	NACK
	NACK
	ACK
	NACK

	NACK
	NACK
	NACK
	ACK

	NACK
	NACK
	NACK
	NACK

	PRE/POST indication

	PRE

	POST
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