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1. Introduction

In RAN#45, the 4-carrier HSDPA work item [1] was opened to specify 3-4 cell HSDPA operation in combination with MIMO across multiple bands (at most two). In [2], we discussed at a high level  the PCI/CQI design for MC-HSDPA (3, 4 carriers) assuming both single and dual channelization codes. In this contribution, we consider in more detail the HS-DPCCH CQI design for 4C-HSDPA. 
2. Number of Uplink Carriers

Similar to Rel-8 DC-HSDPA , Rel-9 DC-HSUPA and Rel-9DC-HSDPA+MIMO, the design is restricted to the case when a single uplink is configured. In other words, even if two uplinks were configured, the design options considered in this contribution, try to ensure that all the PCI/CQI feedback channel information can be sent on a single uplink carrier. 

The key reason behind the above assumption is that similar to DC-HSDPA and DC-HSUPA, if the secondary uplink carrier is de-activated, then we would have to allow for the case when the feedback information for all the DL carriers is transmitted on the primary uplink carrier.
3. 4C-HSDPA DL Configurations
In Table 1, we list the 9 different DL configurations that are possible in 4C-HSDPA. Please note that some of these configurations correspond to configuring only 3 carriers. In the interest of avoiding additional terminology (for example 3C-HSDPA), we consider these configurations to be a subset of 4C-HSDPA throughout the document.
Table 1: 4C-HSDPA DL Configurations

	4C-HSDPA DL Configuration
	Total Number of Configured DL Carriers
	Total Number of MIMO Configured Carriers

	1
	3
	0

	2
	3
	1

	3
	3
	2

	4
	3
	3

	5
	4
	0

	6
	4
	1

	7
	4
	2

	8
	4
	3

	9
	4
	4


4. PCI/CQI Feedback Information
Table 2 summarizes the amount of PCI/CQI feedback information needed to be transmitted by a UE every feedback cycle for the different DL configurations in 4C-HSDPA. In this table, the required CQI information is derived based on legacy UE CQI channel coding schemes. If DL MIMO is not configured, we assume that the CQI field is 5 bits and if DL 2x2 MIMO is configured, we assume a 4-bit CQI field for each stream.
Table 2: PCI/CQI Requirement for 4C-HSDPA

	4C-HSDPA DL Configuration
	Total Number of Configured DL Carriers
	Total Number of MIMO Configured Carriers
	Number of PCI bits per cycle
	Number of CQI bits per cycle

	1
	3
	0
	0
	5*3 = 15

	2
	3
	1
	1*2 = 2
	5*2+2*4= 18

	3
	3
	2
	2*2 = 4
	5*1+2*2*4 = 21

	4
	3
	3
	3*2 = 6
	3*2*4= 24

	5
	4
	0
	0
	5*4= 20

	6
	4
	1
	1*2 = 2
	5*3+2*4=23

	7
	4
	2
	2*2 = 4
	5*2+2*2*4=26

	8
	4
	3
	3*2 = 6
	5*1+3*2*4=29

	9
	4
	4
	4*2 = 8
	4*2*4=32


5. HS-DPCCH Design Options for 4C-HSDPA

As seen in the previous section, as the number of configured DL carriers and the number of MIMO configured carriers increases, the amount of PCI/CQI information required increases accordingly. For example, for DL configuration 9, we require to transmit 8 bits of PCI information and  32 bits of CQI information. In [2],[15],[16] the option of time offsetting the CQI transmission was discussed. In fact in Rel-9 DC-HSDPA+MIMO, the minimum value of the  CQI feedback cycle is 2 TTI (4ms) to allow for time division multiplexing of the PCI/CQI information of the MIMO streams in an alternate fashion.
In this contribution, we evaluate the following design options (Figure 1):

· Single Channelization Code

· Time division multiplexing

· Consider minimum CQI feedback cycle > 2 TTI

· Dual Channelization Codes

· Reuse existing HS-DPCCH code design as of Release 9
· Single Channelization Code

· Time division multiplexing

· New channel coding schemes

· Spreading Factor Reduction

Note that the dual channelization code design was first proposed and even briefly specified in Rel-8 for DC-HSDPA [3]-[6]. A thorough cubic metric analysis and uplink coverage study [7]-[12] 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 for DC-HSDPA as specified in [13]-[15]. 

However, in the case of 4C-HSDPA, it may be reasonable to consider trading off uplink coverage to support 3/4 DL carriers and so we need to revisit the cubic metric and coverage impact due to the dual channelization code design option.
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Figure 1: HS-DPCCH Design Options for DC-HSDPA
6. Background of PCI/CQI Design
Table 3: PCI/CQI information bit position prior to channel coding
	Channel Bits
	a0
	a1
	a2
	a3
	a4
	a5
	a6
	a7
	a8
	a9

	Rel-8      DC-HSDPA
	CQI10
	CQI11
	CQI12
	CQI13
	CQI14
	CQI20
	CQI21
	CQI22
	CQI23
	CQI24

	Rel-7 MIMO
	PCI1
	PCI2
	CQI0
	CQI1
	CQI2
	CQI3
	CQI4
	CQI5
	CQI6
	CQI7
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Figure 2: PCI/CQI Transmission Pattern for Rel-7 DL MIMO
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Figure 3: CQI Transmission Pattern for Rel-8 DC-HSDPA
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Figure 4: PCI/CQI Transmission Pattern for Rel-9 DC-HSDPA+MIMO; Minimum CQI Feedback Cycle = 2 TTI
7. PCI/CQI Design for 4C-HSDPA
In the following 3 tables (Table 4, 5.6), we discuss the ACK/NACK design options for 4C-HSDPA, for each of the 3 configurations of HS-DPCCH:
· Single channelization code (as today)

· Dual channelization codes (as proposed in early part of Rel-8)

· Single channelization code with spreading factor reduction from SF=256 to SF=128
7.1.  Single Channelization Code
In the following, we list the different CQI/PCI transmission patterns for the different DL configurations of 4C-HSDPA.
7.1.1. Carrier aggregation of 3 DL carriers
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Figure 5: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #1,                                  3 DL carriers are configured and MIMO is not configured in any carrier
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Figure 6: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #1,                          Alternate pattern as proposed in R1-091543
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Figure 7: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #2,                                  3 DL carriers are configured and MIMO is configured in 1 carrier
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Figure 8: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #3,                                  3 DL carriers are configured and MIMO is configured in 2 carriers
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Figure 9: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #4,                                  3 DL carriers are configured and MIMO is configured in 3 carriers
7.1.2. Carrier aggregation of 4 DL carriers
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Figure 10: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #5,                                  4 DL carriers are configured and MIMO is not configured in any carrier
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Figure 11: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #6,                                  4 DL carriers are configured and MIMO is configured in 1 carrier
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Figure 12: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #7,                                  4 DL carriers are configured and MIMO is configured in 2 carriers
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Figure 13: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #8,                                  4 DL carriers are configured and MIMO is configured in 3 carriers
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Figure 14: HS-DPCCH using single channelization code for 4C-HSDPA DL Configuration #9,                                  4 DL carriers are configured and MIMO is configured in 4 carriers
7.2. Dual Channelization Codes

7.2.1. Carrier aggregation of 3 DL carriers
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Figure 15: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #1,                                  3 DL carriers are configured and MIMO is not configured in any carrier
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Figure 16: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #2,                                  3 DL carriers are configured and MIMO is configured in 1 carrier
[image: image17.emf]2ms

PCI and CQI, Carrier 1

Type A or Type B

ACK/NACK, 

Carriers 1,2

ACK/NACK, 

Carrier 3

PCI and CQI, Carrier 2

Type A or Type B

ACK/NACK, 

Carriers 1,2

ACK/NACK, 

Carrier 3

CQI

Carrier 3

Release 5 (20,5) code

CQI

Carrier 3

Release 5 (20,5) code

PCI and CQI, Carrier 1

Type A or Type B

PCI and CQI, Carrier 2

Type A or Type B

ACK/NACK, 

Carriers 1,2

ACK/NACK, 

Carrier 3


Figure 17: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #3,                                  3 DL carriers are configured and MIMO is configured in 2 carriers
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Figure 18: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #4,                                  3 DL carriers are configured and MIMO is configured in 3 carriers
7.2.2. Carrier aggregation of 4 DL carriers
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Figure 19: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #5,                                  4 DL carriers are configured and MIMO is not configured in any carrier
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Figure 20: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #6,                                  4 DL carriers are configured and MIMO is configured in 1 carrier
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Figure 21: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #7,                                  4 DL carriers are configured and MIMO is configured in 2 carriers
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Figure 22: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #8,                                  4 DL carriers are configured and MIMO is configured in 3 carriers
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Figure 23: HS-DPCCH using dual channelization codes for 4C-HSDPA DL Configuration #9,                                  4 DL carriers are configured and MIMO is configured in 4 carriers
7.3. Single Channelization Code with Spreading Factor Reduction

In the following, we consider a single channelization code design for HS-DPCCH (PCI/CQI) assuming that the spreading factor is reduced from 256 to 128. This then allows for channel code words of length 40 symbols.
In order to cover all the different 4C-HSDPA DL configurations we see the need to design the following new channel coding schemes:

· (40,20)

· (40,15)

Note that in this phase of design, for the MIMO configured carriers we only consider the channel coding requirement for the equivalent of Type A reports in Rel-7 i.e. 10 bits (2PCI, 4CQI, 4CQI) are encoded. Further discussion is needed to see if Type B reports are needed in the case of 4C-HSDPA.

7.3.1. Carrier aggregation of 3 DL carriers

The following figures (24-27) illustrate CQI transmission patterns for the case when 3 DL carriers are configured
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Figure 24: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #1,                    3 DL carriers are configured and MIMO is not configured in any carrier

.
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Figure 25: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #2,                    3 DL carriers are configured and MIMO is configured in 1 carrier
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Figure 26: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #3,                    3 DL carriers are configured and MIMO is configured in 2 carriers
[image: image27.emf]PCI and CQI

Carriers 1 and 2 

(40,20) code

ACK/NACK, 

Carriers 1,2,3

2ms

PCI and CQI

Carriers 2 and 3

(40,20) code

ACK/NACK, 

Carriers 1,2,3

PCI and CQI

Carriers 1 and 3

(40,20) code

ACK/NACK, 

Carriers 1,2,3


Figure 27: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #4,                    3 DL carriers are configured and MIMO is configured in 3 carriers
7.3.2. Carrier aggregation of 4 DL carriers
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Figure 28: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #5,                    4 DL carriers are configured and MIMO is not configured in any carrier
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Figure 29: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #6,                    4 DL carriers are configured and MIMO is configured in 1 carrier
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Figure 30: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #7,                    4 DL carriers are configured and MIMO is configured in 2 carriers
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Figure 31: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #8,                    4 DL carriers are configured and MIMO is configured in 3 carriers
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Figure 32: HS-DPCCH using single channelization code, SF=128 for 4C-HSDPA DL Configuration #9,                    4 DL carriers are configured and MIMO is configured in 4 carriers
8. Summary

In this section we summarize the minimum CQI feedback cycle and PCI/CQI channel coding scheme for each of the 3 cases in Tables 4 through 6. Table 7 compared the minimum CQI feedback cycle between the 3 schemes. As seen in this Table, the single channelization code (SF128) achieves the same CQI feedback cycles as that achieved via  dual channelization schemes, while the single channelization code (SF256) results in a two fold increase in CQI feedback cycle. 
As part of Rel-8 study on DC-HSDPA, the cubic metric impact due to dual channelization codes has been well studied. Hence, the single channelization code (SF128) is a strong candidate solution to the PCI/CQI design for 4C-HSDPA.
Table 4: Summary of Minimum CQI Feedback Cycle and PCI/CQI Channel Coding: Single CC, SF256

	4C-HSDPA DL Configuration
	Total Number of Configured DL Carriers
	Total Number of MIMO Configured Carriers
	Minimum CQI Feedback Cycle       [2ms TTI]
	Carriers
	PCI/CQI Channel Coding Schemes

	1
	3
	0
	2
	C1, C2
	Rel-8 DC-HSUPA (20,10)                                                      

	
	
	
	
	C3
	Rel-5 SC-HSUPA (20,5)

	1
	3
	0
	1.5
	C1, C2
	Rel-8 DC-HSUPA (20,10)                                                  

	
	
	
	
	C2, C3
	Rel-8 DC-HSUPA (20,10)                                                    

	
	
	
	
	C3,C4
	Rel-8 DC-HSUPA (20,10)

	2
	3
	1
	2
	C1, C2
	Rel-8 DC-HSUPA (20,10)                                                      

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	3
	3
	2
	3
	C1
	Rel-7 MIMO {(20,7) or (20,10)}                              

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}                                     

	
	
	
	
	C3
	Rel-5 SC-HSUPA (20,5)

	4
	3
	3
	3
	C1
	Rel-7 MIMO {(20,7) or (20,10)}                              

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}                                     

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	5
	4
	0
	2
	
	Rel-8 DC-HSUPA (20,10)                                         

	
	
	
	
	
	Rel-8 DC-HSUPA (20,10)                                                    

	6
	4
	1
	C1-C3: 3     C4: 2
	C1,C2
	Rel-8 DC-HSUPA (20,10)                                         

	
	
	
	
	C2,C3
	Rel-8 DC-HSUPA (20,10)                                                

	
	
	
	
	C2,C3
	Rel-8 DC-HSUPA (20,10)                                                                                                                                             

	
	
	
	
	C4
	Rel-7 MIMO {(20,7) or (20,10)}

	7
	4
	2
	3
	C1,C2
	Rel-8 DC-HSUPA (20,10)                                                    

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}                                                                                                                                              

	
	
	
	
	C4
	Rel-7 MIMO {(20,7) or (20,10)}                                                                                                                                              

	8
	4
	3
	4
	C1
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C4
	Rel-5 SC-HSUPA (20,5)

	9
	4
	4
	4
	C1
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C4
	Rel-7 MIMO {(20,7) or (20,10)}


Table 5: Summary of Minimum CQI Feedback Cycle and PCI/CQI Channel Coding: Dual CC

	4C-HSDPA DL Configuration
	Total Number of Configured DL Carriers
	Total Number of MIMO Configured Carriers
	Minimum CQI Feedback Cycle       [2ms TTI]
	Carriers
	PCI/CQI Channel Coding Schemes

	1
	3
	0
	1
	C1, C2
	Rel-8 DC-HSUPA (20,10)                                                      

	
	
	
	
	C3
	Rel-5 SC-HSUPA (20,5)

	2
	3
	1
	1
	C1, C2
	Rel-8 DC-HSUPA (20,10)                                                      

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	3
	3
	2
	1.5
	C1
	Rel-7 MIMO {(20,7) or (20,10)}                              

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}                                     

	
	
	
	
	C3
	Rel-5 SC-HSUPA (20,5)

	4
	3
	3
	1.5
	C1
	Rel-7 MIMO {(20,7) or (20,10)}                              

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}                                     

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	5
	4
	0
	1
	C1, C2
	Rel-8 DC-HSUPA (20,10)                                         

	
	
	
	
	C3, C4
	Rel-8 DC-HSUPA (20,10)                                                    

	6
	4
	1
	C1,C2,C3: 1.5           C4: 1
	C1,C2
	Rel-8 DC-HSUPA (20,10)                                         

	
	
	
	
	C2,C3
	Rel-8 DC-HSUPA (20,10)                                         

	
	
	
	
	C1,C3
	Rel-8 DC-HSUPA (20,10)                                         

	
	
	
	
	C4
	Rel-7 MIMO {(20,7) or (20,10)}

	7
	4
	2
	1.5
	C1
	Rel-7 MIMO {(20,7) or (20,10)}                                                                                                                                              

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}                                                                                                                                              

	
	
	
	
	C3,C4
	Rel-8 DC-HSUPA (20,10)                                         

	8
	4
	3
	2
	C1
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C4
	Rel-5 SC-HSUPA (20,5)

	9
	4
	4
	2
	C1
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C2
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C3
	Rel-7 MIMO {(20,7) or (20,10)}

	
	
	
	
	C4
	Rel-7 MIMO {(20,7) or (20,10)}


Table 6: Summary of Minimum CQI Feedback Cycle and PCI/CQI Channel Coding: Single CC, SF128

	4C-HSDPA DL Configuration
	Total Number of Configured DL Carriers
	Total Number of MIMO Configured Carriers
	Minimum CQI Feedback Cycle          [2ms TTI]
	Carriers
	PCI/CQI Channel Coding Schemes

	1
	3
	0
	1
	C1, C2, C3
	 (40,15)                                                      

	2
	3
	1
	1
	C1, C2, C3
	 (40,20)                                                      

	3
	3
	2
	1.5
	C1, C2
	(40,20)                              

	
	
	
	
	C2,C3
	(40,15)                                    

	
	
	
	
	C1,C3
	(40,15)

	4
	3
	3
	1.5
	C1, C2
	(40,20)

	
	
	
	
	C2, C3
	(40,20)

	
	
	
	
	C1,C3
	(40,20)

	5
	4
	0
	1
	C1,C2,C3,C4
	(40,20)

	6
	4
	1
	C1,C2,C3: 1.5   C4: 1
	C1,C2, C4
	( 40,20)                                     

	
	
	
	
	C2,C3,C4
	(40,20)

	7
	4
	2
	1.5
	C1,C2
	(40,20)

	
	
	
	
	C1,C3,C4
	(40,20)

	
	
	
	
	C2,C3,C4
	(40,20)

	8
	4
	3
	2
	C1, C2
	(40,20)

	
	
	
	
	C3, C4
	(40,15)

	9
	4
	4
	2
	C1, C2
	(40,20)

	
	
	
	
	C3, C4
	(40,20)


Table 7: Summary of Minimum CQI Feedback Cycle

	4C-HSDPA DL Configuration
	Total Number of Configured DL Carriers
	Total Number of MIMO Configured Carriers
	Minimum CQI Feedback Cycle [2ms TTI]

	
	
	
	Single Channelization Code (SF256)
	Dual Channelization Codes (SF256)
	Single Channelization Code (SF128)

	1
	3
	0
	1.5
	1
	1

	2
	3
	1
	2
	1
	1

	3
	3
	2
	3
	1.5
	1.5

	4
	3
	3
	3
	1.5
	1.5

	5
	4
	0
	2
	1
	1

	6
	4
	1
	C1, C2, C3: 3              C4: 2
	C1,C2,C3: 1.5          C4: 1
	C1,C2,C3: 1.5          C4: 1

	7
	4
	2
	3
	1.5
	1.5

	8
	4
	3
	4
	2
	2

	9
	4
	4
	4
	2
	2


9. Conclusions

In this contribution, we have presented, we have presented a set of design options for HS-DPCCH PCI/CQI design for 4C-HSDPA, assuming a single uplink carrier. In particular, the method of using dual channelization codes and using a single channelization code with a reduced spreading factor was discussed. The single channelization code scheme (SF 128) requires the use of both (40,20) and (40,15) codes and achieves the same CQI feedback cycle as the dual channelization code scheme. Given that the dual channelization code results in an additional cubic metric impact, the single channelization code scheme (SF128) deserves further attention.

In case it is desired to stick to a single channelization code (without spreading factor reduction) further system study is needed to understand the impact of a larger CQI feedback cycle on DL bursty traffic performance. It is proposed that companies agree to a suitable HS-DPCCH CQI design methodology and relevant performance metrics for 4C-HSDPA.
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