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1 Introduction
In [1], a WI was proposed and agreed in RAN#46 with regard to Multi-Carrier HSDPA evolution. It was agreed in RAN1#59 meeting that the HS-DPCCH design for 4C-HSDPA should be encouraged to reuse existing functionality if possible, and the non-re-use design should be justified by clear benefits. Therefore, dual channelization codes design for HS-DPCCH would be preferred according to the agreement. 
HS-DPCCH design schemes discussed in [3] ~ [6] did not take “activation/deactivation of the secondary carrier” or parameters such as CQI feedback cycle into account. In this paper, we indicate that these factors would impact the HS-DPCCH design.
It is proposed that “the activation/deactivation of the secondary carrier” should be taken into account and then flexible combination of feedback messages shall be applied. In addition, it is also proposed that different PCI/CQI feedback cycle could occur on different HS-DPCCHs.
2 Discussion
2.1 Summary of HS-DPCCH schemes
2.1.1 HS-DPCCH schemes for SC-HSDPA and DC-HSDPA

HS-DPCCH designs for SC-HSDPA with/without MIMO are shown in Figure 1 and 2.
SC: single carrier without MIMO configured 
· denote the HS-DPCCH format for SC as “S”,
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Figure 1: HS-DPCCH for SC

SC-MIMO: single carrier with MIMO configured

· denote the HS-DPCCH format for SC-MIMO as “M”,
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Figure 2: HS-DPCCH for SC-MIMO
HS-DPCCH designs for DC-HSDPA with/without MIMO are shown in Figure 3 ~ 6.
DC: Dual carrier without MIMO configured

· denote the HS-DPCCH format for DC-HSDPA as “S-S”:
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Figure 3: HS-DPCCH for DC
DC-MIMO (M-S): Dual Carrier with MIMO configured on the primary carrier 
· denoted the HS-DPCCH format as “M-S”
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Figure 4: HS-DPCCH for DC-MIMO (M-S)
DC-MIMO (S-M): Dual Carrier with MIMO configured on the secondary carrier 

· denoted the HS-DPCCH format as “S-M”
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Figure 5: HS-DPCCH for DC-MIMO (S-M)
DC-MIMO (M-M): Dual Carrier with MIMO configured on both carriers 

· denoted the HS-DPCCH format as “M-M”
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Figure 6: HS-DPCCH for DC-MIMO (M-M)
2.1.2 HS-DPCCH design for 4C-HSDPA
The design objectives and both single and dual channelization HS-DPCCH designs are presented in [2], which also take the 4C-HSDPA with MIMO into account. And HS-DPCCH designs for 4C-HSDPA are further discussed in [3][4][5][6]. The design options are presented as below.
· Dual Channelization Codes with SF=256
· Reuse existing HS-DPCCH code design of Release 9

· Single Channelization Code with SF=256
· New channel coding schemes
· Single Channelization Code with SF=128
· New channel coding schemes for ACK
· Potentially reuse existing CQI coding schemes (20,5), (20,7) and (20,10) 
It was agreed in RAN1#59 meeting that the HS-DPCCH design for 4C-HSDPA should be encouraged to reuse existing functionality if possible, and the non-re-use design should be justified by clear benefits. According to the agreement, Dual Channelization Codes design would be preferred for most configuration of 4C-HSDPA as discussed in [5][6]. However single channelization code design with SF=256 is preferable for 3C-HSDPA without MIMO configured due to clear benefits comparing with dual channelization codes design, as discussed in [7].
In this paper, discussions below are mostly based on dual channelization codes design.
2.2 CQI feedback cycle

The current mechanism of setting and using CQI feedback cycle k may not be suitable if dual channelization codes designs are used for HS-DPCCH of 4C-HSDPA.
Taking 3C-MIMO(3) (3 carrier with MIMO configured in 3 carriers) as example, if common CQI feedback cycle k is set by RRC signalling and PCI/CQI on any HS-DPCCH are reported as Rel-9, the dual channelization codes HS-DPCCH can be designed as below.
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Figure 7: Possible HS-DPCCH design for 3 carrier with MIMO configured in 3 carriers, CQI feedback cycle of CQI on two HS-DPCCHs are the same, when k=4ms, N_cqi_transmit=1

Observation:

· PCI3+CQI3 are transmitted once per 2 TTI and can not be transmitted once per TTI, as k can not be set to 2 ms while the minimum positive value of k for PCI1+CQI1 on HS-DPCCH1 can only be set to 4 ms. 
The throughput performance of carrier 3 would be restricted by the mechanism of using the CQI feedback cycle k. Hence, a new mechanism may be required to permit the PCI/CQI of any HS-DPCCHs using the smallest feedback cycle if possible, so that the HS-DPCCH can be show as the following.
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Figure 8: Possible HS-DPCCH design for 3 carriers with MIMO configured in 3 carriers, 

CQI feedback cycle of CQI on two HS-DPCCHs are different
Proposal 1: CQI feedback cycle of HS-DPCCHs for 4-carrier HSDPA could be different, if more than one HS-DPCCH exists.
2.3 Activation/deactivation of secondary carriers
Dual channelization codes design schemes discussed in [3] ~ [6] did not take the “activation/deactivation of secondary carriers” into account. It is not specified what UE shall re-arrange the HS-DPCCH(s) if an activation/deactivation order is received. 

If dual channelization codes design is introduced, the feedback messages would be divided into 2 groups, and there may be two way to deal with the HS-DPCCH channels when the status of secondary carriers are changed.

· Fixed mapping DL carrier onto HS-DPCCH channels.

· Flexible mapping DL carrier onto HS-DPCCH channels

Examples using fixed mapping and flexible mapping are described in Figure 9 ~ 11.
The HS-DPCCH for 4 carriers without MIMO configured may be designed as Figure 9
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Figure 9: Possible HS-DPCCH design for 4 Carrier without MIMO configured, 

When the carrier 2 and carrier 3 are deactivated, the HS-DPCCH would be as Figure 10.
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Figure 10: HS-DPCCH using fixed mapping scheme for 4 Carrier without MIMO configured,

 when carrier 2 and carrier 3 are deactivated.
As we discussed before, two HS-DPCCH channels are used to feedback messages of dual carriers, which had been proved inferior to using single HS-DPCCH channel. Hence, a more attractive way is to use flexible mapping scheme to combine feedbacks to a single HS-DPCCH, shown as Figure 11.
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Figure 11: HS-DPCCH for 4 Carrier without MIMO configured
Benefits of using flexible mapping feedback messages of DL carriers onto HS-DPCCH channels can be observed obviously from Figure 11. So it is proposed that,

Proposal 2:  Use flexible mapping of DL carriers onto HS-DPCCH channels when the status of secondary carriers are changed by activation/deactivation order.
2.4 HS-DPCCH design for 4C-HSDPA
In this section, we investigate the possible configurations of HS-DPCCH channels when 3 or 4 DL carriers are configured. An example of HS-DPCCH design for 4C-HSDPA based on the principles of Proposal 2 is shown below in Table 1.

For simplicity, we use C1, C2, C3, and C4 to denote the carriers configured by RRC. And they are represented by F1~F4 with the following rules.

· If n carriers are activated and MIMO are configured in m carriers, firstly the m MIMO configured carriers are represented by F1, .., Fm, and then the activated carriers without MIMO configured are represented by Fm+1,…, Fn, at last deactivated carries are routed to the final Fn+1~F4 . The order of F1, .., Fm  and Fm+1,…, Fn shall follow the same sequence of C1~C4. Once the status of carrier(s) changes, the representation shall be updated.
For example, if 4C-MIMO(2) are configured by RRC and MIMO is configured in C2 and C3, we shall regard  C2 as F1, C3 as F2, C1 as F3, and C4 as F4. Furthermore, if C2 is deactivated, then we should regard C3 as F1, C1 as F2, C4 as F3, and C2 as F4.
Table 1: HS-DPCCH design for 4C-HSDPA
	Index
	Status of carries
	HS-DPCCH design

	
	F1
	F2
	F3
	F4
	

	1
	0
	
	
	
	HS-DPCCH1 : { F1} : S

	2
	1
	
	
	
	HS-DPCCH1 : { F1} :M

	3
	0
	0
	
	
	HS-DPCCH1 : { F1, F2} :S-S

	4
	1
	0
	
	
	HS-DPCCH1 : { F1, F2} :M-S

	5
	1
	1
	
	
	HS-DPCCH1 : { F1, F2} :M-M

	6*
	0
	0
	0
	
	HS-DPCCH1 : {F1,F2,F3} :S-S-S

	7
	1
	0
	0
	
	HS-DPCCH1 : {F1 } : M;

HS-DPCCH2 : {F2,F3} : S-S

	8
	1
	1
	0
	
	HS-DPCCH1 : {F1,F3} : M-S;

HS-DPCCH2 : {F2} : M

	9
	1
	1
	1
	
	HS-DPCCH1 : {F1,F2} : M-M;

HS-DPCCH2 : {F3} : M

	10
	0
	0
	0
	0
	HS-DPCCH1 : {F1,F2} : S-S;

HS-DPCCH2 : {F3,F4} : S-S

	11
	1
	0
	0
	0
	HS-DPCCH1 : {F1, F2} : M-S;

HS-DPCCH2 : {F3, F4} : S-S

	12
	1
	1
	0
	0
	HS-DPCCH1 : {F1,F2} : M-M;

HS-DPCCH2 : {F3,F4} : S-S

	13
	1
	1
	1
	0
	HS-DPCCH1 : {F1,F2} : M-M;

HS-DPCCH2 : {F3,F4} : M-S

	14
	1
	1
	1
	1
	HS-DPCCH1 : {F1,F2} : M-M;

HS-DPCCH2 : {F3,F4} : M-M


NOTE: In Table 1, “0”=MIMO not configured, “1”=MIMO configured. Yellow background denotes the carrier is activated and white background means the carrier is deactivated. According to proposal 2, the UE shall choose the HS-DPCCH formats from Table 1 at the time when the status of carriers is changed.
Index 1~5 are current HS-DPCCH format of Rel-9 specification. Take index 12 as example, the expression "HS-DPCCH1 : {F1,F2} : M-M; HS-DPCCH2 : {F3, F4} : S-S" means feedback messages of F1 and F2 are mapped onto the first HS-DPCCH and corresponding HS-DPCCH format is M-M; that of F3 and F4 are mapped onto the second HS-DPCCH and the corresponding HS-DPCCH format is S-S.
In addition, in Table 1:

· S-S-S means a possible new HS-DPCCH format for 3 carriers without MIMO configured. There are two possible schemes as discussed in [7]:
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Figure 12 Possible HS-DPCCH for 3C-HSDPA without MIMO configured
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Figure 13 Another possible HS-DPCCH for 3C-HSDPA without MIMO configured
Example of how this scheme works: 
UE is configured with 4C-MIMO(2) initially, MIMO configured in C2 and C3 and C1 configured as primary carrier. If all the carriers are activated, the HS-DPCCH format of index 12 in Table 1 shall be applied, and translate F1~F4 into C1~C4;

· HS-DPCCH1 : { C2, C3 } : M-M;

· HS-DPCCH2 : { C1, C4 } : S-S
If C2 are deactivated, the format of index 7 shall be applied,
· HS-DPCCH1 : { C3 } : M;

· HS-DPCCH2 : { C1, C4} : S-S
If both C2 and C4 are deactivated, the format of index 4 shall be applied

· HS-DPCCH1 : { C3, C1 } : M-S;

· HS-DPCCH2 : none

3 Conclusion
In this document, the impact of “activation/deactivation of secondary carries” and parameters such as CQI feedback cycle on HS-DPCCH design for 4C-HSDPA are discussed. In summary, in order to optimize feedback efficiency and uplink HS-DPCCH performance, we propose that, 

Proposal 1: CQI feedback cycle of HS-DPCCHs for 4-carrier HSDPA could be different, if more than one HS-DPCCH exists.
Proposal 2: Use flexible mapping of DL carriers onto HS-DPCCH channels when the status of secondary carriers are changed by activation/deactivation order.
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