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1
Introduction
In [1], a WID was proposed and discussed in RAN#42 with regard to Multi-Carrier HSPA evolution. As per the RAN#42 meeting minutes, the conclusion of that discussion was to study the items proposed in [1] under the existing study item [2] on dual cell operation in HSPA. Below is an excerpt from the meeting minutes, highlighting this conclusion.

The items shall be studied under the existing SI with the scope limited to the items proposed in this WI proposal.

One of the objectives of the study item [1] is to identify the impact on UE implementation. Below is an excerpt from [1], highlighting this objective.
The study should aim to fulfill the following objectives:
…

· Identify the UE, UTRAN and system impacts of introducing downlink dual-cell operation to the existing UTRA system. 

· Impacts on implementation within the UTRA and UE

….

In Release 8, dual cell operation on adjacent carriers was introduced in HSDPA. In [1], a proposal was made to allow for three or four HSDPA carriers to be aggregated as well as allow for combining the MIMO operation in up to two carriers. In this contribution, we discuss a HS-DPCCH design framework to support all the different combinations of features proposed in multi-carrier HSDPA. 
2
Multi-Carrier HSDPA High Level Requirements
Before we begin examining HS-DPCCH design options, we first discuss the different combinations of MC-HSDPA features proposed in [1]. To be specific [1] proposes to specify the following:
· Specify multi carrier HSDPA operation for the following scenarios:

· The multi carrier transmission only applies to HSDPA physical channels

· The carriers belong to the same Node-B and when on the same band, are on adjacent carriers

· MIMO can be combined with up to two HSDPA carriers in up to two separate frequency bands

· The carriers operate in up to two separate frequency bands

· Up to three/four HSDPA carriers can be aggregated

From the above proposal we infer the following UE requirements with regard to aggregation of multiple HSDPA carriers:
· A MC-HSDPA UE should be capable of simultaneously receiving 1, 2, 3 or 4 carriers.
· In the case of Intra-band carrier aggregation, the carriers are adjacent.

· The following configurations are possible when multiple HSDPA carriers are aggregated
· 1 carrier in a single band (already specified from Release 5 onwards)

· 2 adjacent carriers in a single band (already specified in Release 8)

· 3 adjacent carriers in a single band

· 4 adjacent carriers in a single band

· 1 carrier in Band 1 and 1 carrier in Band 2

· 2 adjacent carriers in Band 1 and 1 carrier in Band 2 or vice versa

· 2 adjacent carriers in Band 1 and 2 adjacent carriers in Band 2

· 3 adjacent carriers in Band 1 and 1 adjacent carrier in Band 2 and vice versa

· For each of the above cases, the UE may demodulate and decode MIMO transmissions in up to 2 carriers.
3
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 [12]-[16] 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 [9]-[11]. 

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
4
HS-DPCCH design objective for MC-HSDPA

In the different multi-carrier (MC) HSDPA configurations studied in this contribution, we investigate both single and dual channelization code designs for the HS-DPCCH. 
The HS-DPCCH design objective for MC-HSDPA can be broadly stated as follows:
· Carry the same amount of feedback information per cell

· Same number of information bits for ACK/NACK and CQI for each cell.

· Ensure that there is no significant impact to link budget.

· Given the link budget impact associated with dual channelization codes, it is desirable to try and adhere to single channelization code designs wherever possible.
· Reuse as much as possible 
· existing channel coding design for HS-DPCCH 
· existing spreading and modulation for HS-DPCCH

· Achieve the same HS-DPCCH decoding performance for each cell when compared to the single cell operation

· After normalization of signal energy to noise ratio per cell, it would be desirable to achieve the same performance on each cell when compared to the single cell operation.

· Ensure that there is no significant impact to uplink noise rise or interference margin due to  HS-DPCCH design for MC-HSDPA

· Ensure that there is no significant impact to cubic metric (CM) and peak to average power (PAPR) ratios.

· Forward compatible

· It would be desirable to ensure forward compatibility

· For example, allow the possibility of MIMO and 4 carrier aggregation to happen simultaneously.

5
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.
5.1
Single Channelization Code
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 5.3.
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
5.2
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

[image: image2.emf]PCI and CQI, Carrier 1

Type A or Type B

PCI and CQI, Carrier 2

Type A or Type B

ACK/NACK, 

Carrier 1

ACK/NACK, 

Carrier 2

PCI and CQI, Carrier 1

Type A or Type B

PCI and CQI, Carrier 2

Type A or Type B

ACK/NACK, 

Carrier 1

ACK/NACK, 

Carrier 2

2ms


Figure 2: HS-DPCCH using dual channelization codes for DC-HSDPA and MIMO configured in each carrier
5.3
H-ARQ ACK/NACK Design using a single channelization code
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. 
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 new codebook of size 16 would need to be defined in this case. 

Potentially 8 of these code words can be reused from already specified code books or code words belonging to the other 3 groups. In particular:

· PRE and POST code words have to be the same as those specified for Group A.
· When the UE only detects only 1 transport block on the serving HS-DSCH cell, the code words corresponding to ACK/NACK have to be the same as those specified for Group A.
· When UE detects only 2 transport blocks on the secondary serving HS-DSCH cell, the 4 possible combinations of ACK/NACK code words can be the same as what is specified in Release 7 for MIMO. This will allow for reuse of single carrier MIMO decoders when only MIMO transmissions are scheduled in the secondary serving HS-DSCH cell and nothing is scheduled on the serving HS-DSCH cell.
· The remaining 8 code words corresponding to combinations of ACK/NACK on 1 transport block from the serving HS-DSCH cell and 2 transport blocks from the secondary serving HS-DSCH cell will need to be determined.
· When searching for the 8 new code words, we may need to relax or compromise the requirement to reuse the 4 legacy MIMO Release 7 code words in case the minimum distance of the overall code is not good enough.
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.
Potentially, we could reuse the code book of size 16 defined for Group B, except for the following:

· PRE and POST code words have to be the same as those specified for Group A.

· The 2 code words corresponding to ACK/NACK on the secondary serving HS-DSCH cell would have to be the same as the ones used in Group A.

· The 4 code words corresponding to the case when the UE detects only 2 transport blocks on the secondary serving HS-DSCH cell, would have to be the same as in Group D, i.e. they have to be different than the 4 code words when UE detects only 2 transport blocks on the 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

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. 
10 of the code words in this Table belong to other groups:

· PRE and POST code words are common to all other groups (A,B, and C).
· 4 of these code words belong to Group C. These are the ACK/NACK combinations when UE only detects 2 transport blocks on the serving HS-DSCH cell.
· 4 of these code words belong to Group B. These are the ACK/NACK combinations when UE only detects 2 transport blocks on the secondary serving HS-DSCH cell.

Hence 16 extra code words be needed to define a (10,5) code in this case.

5.4
H-ARQ ACK/NACK design using dual channelization codes
The H-ARQ ACK/NACK design using dual channelization codes for DC-HSDPA and MIMO is quite straightforward. On each channelization code, we can reuse the existing H-ARQ ACK/NACK channel codes defined in Release 7 for MIMO as listed in Table 7.
6
HS-DPCCH design for up to 4 carrier aggregation and MIMO is not configured in any carrier
In this section, we discuss the HS-DPCCH design options for the case when 3 or 4 carriers are aggregated and MIMO is not configured in any carrier. Both single and dual channelization code designs are discussed for the ACK/NACK and CQI channels.
6.1
Single Channelization Code

In the case of a single channelization code, the HS-DPCCH for 3 and 4 carriers (MIMO not configured in any carrier) can be designed as shown in Figures 3 and 4 respectively. 

For the ACK/NACK part, a new joint coding scheme would be needed to support ACK/NACK feedback for the 3 or 4 simultaneous transmissions on the downlink. Due to the fact that there is a finite probability that the UE can miss HS-SCCH on any of the carriers, the number of possible H-ARQ ACK/NACK responses from the UE increases significantly. Table 8 lists 28 possible H-ARQ ACK/NACK responses on the HS-DPCCH for the 3 carrier case and Table 9 lists 82 possible H-ARQ ACK/NACK responses on the HS-DPCCH for the 4 carrier case.  Hence new code books of size 28 ((10, 5) code) and 82 ((10, 7)) would need to be defined for the 3 carrier and 4 carrier cases respectively. The (10, 5) code could be the same one as designed for Group D for the DC-HSDPA+MIMO case (Section 5.3).
For either of the cases when 3 or 4 carriers are configured but MIMO is not configured in any carrier, the 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 CQI feedback information when using a single channelization code. Instead we can reuse the following channel coding schemes from previous releases as below:

· 3-carrier aggregation
· DC-HSDPA Release 8 joint (20,10) channel coding of CQI information for Carriers 1 and 2
· Release 5 (20,5) channel coding of CQI information for Carrier 3

· 4-carrier aggregation
· DC-HSDPA Release 8 joint (20,10) channel coding of CQI information for Carriers 1 and 2

· Release 8 joint (20,10) channel coding of CQI information for Carriers 3 and 4

· The method of offsetting CQI information as proposed [17],[18] in Release 8 for DC-HSDPA when CQI Feedback cycle is greater than 1 TTI. 
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Figure 3: HS-DPCCH using single channelization code for 3 carriers and MIMO is not configured in any carrier
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Figure 4: HS-DPCCH using single channelization code for 4 carriers and MIMO is not configured in any carrier
6.2
Dual Channelization Codes
The HS-DPCCH design for 3 or 4 carrier aggregation when dual channelization codes are used is quite straightforward. Figure 5 illustrates a possible design when 3 carriers are aggregated and Figure 6 illustrates a possible design when 4 carriers are aggregated.
As seen in these figures, the ACK/NACK, and CQI feedback information for up to 2 carriers are sent on a single channelization code and 2 such codes are transmitted in parallel to carry the feedback information for up to 4 carriers. The specific channelization code indices can be as proposed during the DC-HSDPA Release 8 study [7] item. Hence, when using dual channelization codes, we can reuse the HS-DPCCH channel coding schemes already specified in previous releases:

· 3 carrier aggregation

· Channelization Code 1

· DC-HSDPA Release 8 H-ARQ ACK/NACK channel coding for Carriers 1 and 2

· DC-HSDPA Release 8 joint (20,10) channel coding of CQI information for Carriers 1 and 2

· 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

· Channelization Code 2

· Release 5 H-ARQ ACK/NACK channel coding for Carrier 3

· Release 5  (20,5) channel coding of CQI information for Carrier 3

· 4 carrier aggregation

· Channelization Code 1

· DC-HSDPA Release 8 H-ARQ ACK/NACK channel coding for Carriers 1 and 2

· DC-HSDPA Release 8 joint (20,10) channel coding of CQI information for Carriers 1 and 2

· 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

· Channelization Code 2

· DC-HSDPA Release 8 H-ARQ ACK/NACK channel coding for Carriers 3 and 4

· DC-HSDPA Release 8 joint (20,10) channel coding of CQI information for Carriers 3 and 4

· 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 5: HS-DPCCH using dual channelization codes for 3 carriers and MIMO is not configured in any carrier
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Figure 6: HS-DPCCH using dual channelization code for 4 carriers and MIMO is not configured in any carrier
7
HS-DPCCH design for 4 carrier aggregation and MIMO is configured in 2 carriers

In this section, we discuss the HS-DPCCH design options for the case when 3 or 4 carriers are aggregated and MIMO is configured in 2 carriers. Since it will be major technical challenge to use a single channelization code design to support this configuration, we focus on a dual channelization code design for the ACK/NACK and CQI channels.
7.1
Dual Channelization Codes
Figure 7 illustrates a dual channelization code based design for HS-DPCCH for the case when 4 carriers are aggregated and MIMO is configured in only 2 carriers.
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Figure 7: HS-DPCCH using dual channelization codes for 4 carriers and MIMO is configured in 2 carriers
As seen in these figures, the ACK/NACK, feedback information for  2 carriers are sent on a single channelization code and 2 such channelization codes are transmitted in parallel to carry the feedback information for 4 carriers. The CQI information for the MIMO streams on Carrier 1 and Carrier 2 are sent in a TDM fashion on the first channelization code while the CQI information for Carriers 3 and 4 are jointly encoded on the second channelization code. The specific channelization code indices can be as proposed during the DC-HSDPA Release 8 study [7] item. Hence, when using dual channelization codes, we can reuse the HS-DPCCH channel coding schemes already specified in previous releases as well as the ACK/NACK channel coding scheme for DC-HSDPA and MIMO considered in Section 5.3 :

· 4 carrier aggregation

· Channelization Code 1

· DC-HSDPA+MIMO H-ARQ ACK/NACK channel coding scheme  (Section 5.3) for Carriers 1 and 2 

· HS-DPCCH channel coding of PCI/CQI for MIMO for Carriers 1 and 2
· (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

· Channelization Code 2

· DC-HSDPA Release 8 H-ARQ ACK/NACK channel coding for Carriers 3 and 4

· DC-HSDPA Release 8 joint (20,10) channel coding of CQI information for Carriers 3 and 4
In passing, we note that this dual channelization code scheme could potentially be extended to supporting MIMO being configured in all 4 carriers as illustrated in Figure 8.

· 4 carrier aggregation

· Channelization Code 1

· DC-HSDPA+MIMO H-ARQ ACK/NACK channel coding scheme  (Section 5.3) for Carriers 1 and 2 

· HS-DPCCH channel coding of PCI/CQI for MIMO for Carriers 1 and 2
· (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

· Channelization Code 2

· DC-HSDPA+MIMO H-ARQ ACK/NACK channel coding scheme  (Section 5.3) for Carriers 1 and 2 

· HS-DPCCH channel coding of PCI/CQI for MIMO for Carriers 3 and 4

· (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 8: HS-DPCCH using dual channelization codes for 4 carriers and MIMO is configured in 4 carriers
8
Conclusions

A design framework was presented for HS-DPCCH for MC-HSDPA. For each of the MC-HSDPA configurations, both single and dual channelization code designs were considered and discussed in detail. In most of these cases, the single channelization code design would require joint coding of ACK/NACK information across multiple carriers and/or MIMO streams and would allow reusing existing CQI design as long as the minimum value of CQI Feedback cycle is set to 2 TTI (4ms). Further work in terms of link performance and cubic metric analysis is required to help make a final HS-DPCCH design choice.
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Annex

10.1
ACK/NACK Hypotheses for DC-HSDPA and MIMO is configured in each carrier
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


10.1.1 Single channelization code
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


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


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


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


10.1.2 Dual channelization codes
Table 6: H-ARQ ACK/NACK on each channelization code when MIMO is not configured in the carrier

	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Table 7: H-ARQ ACK/NACK on each channelization code when MIMO is not configured in the carrier

	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK in response to a single scheduled transport block

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK in response to two scheduled transport blocks

	Response to primary transport block
	Response to secondary transport block
	

	ACK
	ACK
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	ACK
	NACK
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NACK
	ACK
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	PRE/POST indication

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


10.2
ACK/NACK Hypotheses for up to 4 carriers and MIMO is not configured in any carrier

10.2.1 Single channelization code
Table 8: 

	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 the tertiary serving HS-DSCH cell

	ACK

	NACK

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

	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 when UE detects a single scheduled transport block on the serving HS-DSCH cell and a single transport block on the tertiary serving HS-DSCH cell

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

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

	Response to transport block from secondary serving HS-DSCH cell
	Response to transport block from tertiary 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, a single transport block on the secondary  serving HS-DSCH cell, and a single transport block on the tertiary serving HS-DSCH cell

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


Table 9: H-ARQ ACK/NACK using single channelization code for 4 carriers when MIMO is not configured in any carrier

	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 the tertiary serving HS-DSCH cell

	ACK

	NACK

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

	ACK

	NACK

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

	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 when UE detects a single scheduled transport block on the serving HS-DSCH cell and a single transport block on the tertiary serving HS-DSCH cell

	Response to transport block from serving HS-DSCH cell
	Response to transport block from tertiary 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 a single transport block on the quaternary serving HS-DSCH cell

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

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

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

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

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

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

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

	Response to transport block from tertiary serving HS-DSCH cell
	Response to transport block from quaternary 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, a single transport block on the secondary  serving HS-DSCH cell, and a single transport block on the tertiary serving HS-DSCH cell

	Response to transport block from serving HS-DSCH cell
	Response to transport block from secondary serving HS-DSCH cell
	Response to transport block from tertiary 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 a single scheduled transport block on the serving HS-DSCH cell, a single transport block on the secondary  serving HS-DSCH cell, and a single transport block on the quaternary serving HS-DSCH cell

	Response to transport block from serving HS-DSCH cell
	Response to transport block from secondary serving HS-DSCH cell
	Response to transport block from quaternary 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 a single scheduled transport block on the serving HS-DSCH cell, a single transport block on the tertiary serving HS-DSCH cell, and a single transport block on the quaternary serving HS-DSCH cell

	Response to transport block from serving HS-DSCH cell
	Response to transport block from tertiary serving HS-DSCH cell
	Response to transport block from quaternary 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 a single scheduled transport block on the secondary serving HS-DSCH cell, a single transport block on the tertiary serving HS-DSCH cell, and a single transport block on the quaternary serving HS-DSCH cell

	Response to transport block from secondary serving HS-DSCH cell
	Response to transport block from tertiary serving HS-DSCH cell
	Response to transport block from quaternary 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 a single scheduled transport block on the serving HS-DSCH cell, a single transport block on the secondary serving HS-DSCH cell, a single transport block on the tertiary serving HS-DSCH cell, and a single transport block on the quaternary serving HS-DSCH cell

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

	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


10.2.2 Dual channelization codes
Table 10: H-ARQ ACK/NACK on first channelization code for first and second carriers when MIMO is not configured in any carrier

	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


Table 11: H-ARQ ACK/NACK on first channelization code for third and fourth carriers when MIMO is not configured in any carrier

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

	ACK

	NACK

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

	ACK

	NACK

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

	Response to transport block from tertiary serving HS-DSCH cell
	Response to transport block from quaternary serving HS-DSCH cell

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	PRE/POST indication

	PRE

	POST















































































































































































































































































































































