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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 this contribution, we propose a design frame work for 4-carrier HSDPA.
2. 4-carrier HSDPA High Level Requirements
Based on the scope of the 4-carrier-HSDPA WID [1] we list below some high level UE requirements. The texts marked in italics are excerpts taken from [1], which in turn are used to derive high level requirements for 4-carrier HSDPA operation.

The work item should fulfill the following objectives:

· Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:

a. The 3-4 carrier transmission only applies to HSDPA physical channels

b. The carriers belong to the same Node-B

c. The aggregated carriers can operate on adjacent carriers and on multiple bands. Possiblity for non adjacent carriers in the same band is not excluded but UE complexity need to be addressed as part of the activity for identifying band combinations.

d. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item.

e. Identification of which combinations of numbers of uplink and downlink carriers should be targeted is part of the work item.

f. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be reused where possible.

· Introduce the functionality for the relevant specifications of

a. UL and DL control channel structure 

b. L2/L3 protocols 

c. UTRAN network interfaces

d. UE RF and performance requirements with the work task breakdown 

Work should address the following main areas:

· adjacent 3-4 carrier solution where MIMO operation is applied to zero, one or multiple carriers

· non-adjacent 3-4 carrier solutions on 2 bands where MIMO operation is applied to zero, one or multiple carriers
From the above proposal we infer the following UE requirements with regard to aggregation of up to 4 HSDPA carriers:

· A 4-Carrier 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.

a. The possibility to configure non-adjacent carriers in a particular band will require further study by RANWG4. The impact to RF and demodulation performance needs to be investigated further, depending on the RF/Front end sub-system in the UE.

· The configurations as listed in Table 1 are possible when multiple HSDPA carriers are aggregated
a. In Table 1 and the other tables in this document, F1 through F4 is a contiguous band of four carriers. F1 can be the highest or lowest carrier frequency in that group.

· For each of the above cases, the UE may demodulate and decode MIMO transmissions in up to 4 carriers
Table 1: Aggregation of up to 4 carriers across 2 bands; 0 = MIMO not configured, 1 = MIMO configured
	 
	Band 1
	Band 2
	Release
	 Feature

	Combination
	F1
	F2
	F3
	F4
	F1
	F2
	 
	 

	1
	0
	0
	 
	 
	 
	 
	8
	DC-HSDPA

	2
	1
	0
	 
	 
	 
	 
	9
	DC-HSDPA+MIMO

	3
	0
	1
	 
	 
	 
	 
	9
	DC-HSDPA+MIMO

	4
	1
	1
	 
	 
	 
	 
	9
	DC-HSDPA+MIMO

	5
	0
	 
	 
	 
	0
	 
	9
	DB-DC-HSDPA

	6
	1
	 
	 
	 
	0
	 
	10
	4C-HSDPA                            (DB-DC-HSDPA+MIMO)

	7
	0
	 
	 
	 
	1
	 
	10
	4C-HSDPA                            (DB-DC-HSDPA+MIMO)

	8
	1
	 
	 
	 
	1
	 
	10
	4C-HSDPA                            (DB-DC-HSDPA+MIMO)

	9
	0
	0
	0
	 
	 
	 
	10
	4C-HSDPA

	10
	1
	0
	0
	 
	 
	 
	10
	4C-HSDPA

	11
	0
	1
	0
	 
	 
	 
	10
	4C-HSDPA

	12
	0
	0
	1
	 
	 
	 
	10
	4C-HSDPA

	13
	1
	1
	0
	 
	 
	 
	10
	4C-HSDPA

	14
	0
	1
	1
	 
	 
	 
	10
	4C-HSDPA

	15
	1
	0
	1
	 
	 
	 
	10
	4C-HSDPA

	16
	1
	1
	1
	 
	 
	 
	10
	4C-HSDPA

	17
	0
	0
	 
	 
	0
	 
	10
	4C-HSDPA

	18
	1
	0
	 
	 
	0
	 
	10
	4C-HSDPA

	19
	0
	1
	 
	 
	0
	 
	10
	4C-HSDPA

	20
	1
	1
	 
	 
	0
	 
	10
	4C-HSDPA

	21
	0
	0
	 
	 
	1
	 
	10
	4C-HSDPA

	22
	1
	0
	 
	 
	1
	 
	10
	4C-HSDPA

	23
	0
	1
	 
	 
	1
	 
	10
	4C-HSDPA

	24
	1
	1
	 
	 
	1
	 
	10
	4C-HSDPA

	25
	0
	0
	0
	0
	 
	 
	10
	4C-HSDPA

	26
	1
	0
	0
	0
	 
	 
	10
	4C-HSDPA

	27
	0
	1
	0
	0
	 
	 
	10
	4C-HSDPA

	28
	0
	0
	1
	0
	 
	 
	10
	4C-HSDPA

	29
	0
	0
	0
	1
	 
	 
	10
	4C-HSDPA

	30
	1
	1
	0
	0
	 
	 
	10
	4C-HSDPA

	31
	0
	1
	1
	0
	 
	 
	10
	4C-HSDPA

	32
	0
	0
	1
	1
	 
	 
	10
	4C-HSDPA

	33
	1
	0
	1
	0
	 
	 
	10
	4C-HSDPA

	34
	1
	0
	0
	1
	 
	 
	10
	4C-HSDPA

	35
	0
	1
	0
	1
	 
	 
	10
	4C-HSDPA

	36
	0
	0
	0
	 
	0
	 
	10
	4C-HSDPA

	37
	1
	0
	0
	 
	0
	 
	10
	4C-HSDPA

	38
	0
	1
	0
	 
	0
	 
	10
	4C-HSDPA

	39
	0
	0
	1
	 
	0
	 
	10
	4C-HSDPA

	40
	0
	0
	0
	 
	1
	 
	10
	4C-HSDPA

	41
	1
	1
	0
	 
	0
	 
	10
	4C-HSDPA

	42
	0
	1
	1
	 
	0
	 
	10
	4C-HSDPA

	43
	0
	0
	1
	 
	1
	 
	10
	4C-HSDPA

	44
	1
	0
	1
	 
	0
	 
	10
	4C-HSDPA

	45
	1
	0
	0
	 
	1
	 
	10
	4C-HSDPA

	46
	0
	1
	0
	 
	1
	 
	10
	4C-HSDPA

	47
	0
	0
	 
	 
	0
	0
	10
	4C-HSDPA

	48
	1
	0
	 
	 
	0
	0
	10
	4C-HSDPA

	49
	0
	1
	 
	 
	0
	0
	10
	4C-HSDPA

	50
	0
	0
	 
	 
	1
	0
	10
	4C-HSDPA

	51
	0
	0
	 
	 
	0
	1
	10
	4C-HSDPA

	52
	1
	1
	 
	 
	0
	0
	10
	4C-HSDPA

	53
	0
	1
	 
	 
	1
	0
	10
	4C-HSDPA

	54
	0
	0
	 
	 
	1
	1
	10
	4C-HSDPA

	55
	1
	0
	 
	 
	1
	0
	10
	4C-HSDPA

	56
	1
	0
	 
	 
	0
	1
	10
	4C-HSDPA

	57
	0
	1
	 
	 
	0
	1
	10
	4C-HSDPA

	58
	1
	1
	1
	0
	 
	 
	10
	4C-HSDPA

	59
	1
	0
	1
	1
	 
	 
	10
	4C-HSDPA

	60
	0
	1
	1
	1
	 
	 
	10
	4C-HSDPA

	61
	1
	1
	1
	 
	0
	 
	10
	4C-HSDPA

	62
	1
	0
	1
	 
	1
	 
	10
	4C-HSDPA

	63
	0
	1
	1
	 
	1
	 
	10
	4C-HSDPA

	64
	1
	1
	 
	 
	1
	0
	10
	4C-HSDPA

	65
	1
	0
	 
	 
	1
	1
	10
	4C-HSDPA

	66
	0
	1
	 
	 
	1
	1
	10
	4C-HSDPA

	67
	1
	1
	1
	1
	 
	 
	10
	4C-HSDPA

	68
	1
	1
	1
	 
	1
	 
	10
	4C-HSDPA

	69
	1
	1
	 
	 
	1
	1
	10
	4C-HSDPA


3. 
Number of simultaneous downlink and uplink carriers
In Table 2, we list the possible DL/UL carrier configurations for the case when the DL carriers are aggregated in a single band. The required uplink data rates to support high speed downlink data rates is a subject of further study. For example, we need to understand the impact of 4DL (MIMO configured in each carrier) and a single UL on TCP performance. Based on this study, we may need to introduce a dependency of some of the DL configurations in 4C-HSDPA on DC-HSUPA.
Table 2: DL/UL carrier configuration in a single band; X= carrier configured

	
	Downlink
	Uplink
	Feature

	
	F1
	F2
	F3
	F4
	F1
	F2
	F3
	F4
	

	1
	X
	
	
	
	X
	
	
	
	SC-HSDPA

	2
	X
	X
	
	
	X
	
	
	
	DC-HSDPA

	3
	X
	X
	
	
	
	X
	
	
	DC-HSDPA

	4
	X
	X
	
	
	X
	X
	
	
	DC-HSUPA

	5
	X
	X
	X
	
	X
	
	
	
	4C-HSDPA

	6
	X
	X
	X
	
	
	X
	
	
	4C-HSDPA

	7
	X
	X
	X
	
	
	
	X
	
	4C-HSDPA

	8
	X
	X
	X
	
	X
	X
	
	
	4C-HSDPA

	9
	X
	X
	X
	
	
	X
	X
	
	4C-HSDPA

	10
	X
	X
	X
	X
	X
	
	
	
	4C-HSDPA

	11
	X
	X
	X
	X
	
	X
	
	
	4C-HSDPA

	12
	X
	X
	X
	X
	
	
	X
	
	4C-HSDPA

	13
	X
	X
	X
	X
	
	
	
	X
	4C-HSDPA

	14
	X
	X
	X
	X
	X
	X
	
	
	4C-HSDPA

	15
	X
	X
	X
	X
	
	X
	X
	
	4C-HSDPA

	16
	X
	X
	X
	X
	
	
	X
	X
	4C-HSDPA


In Table 3, we list the possible DL/UL carrier configurations for the case when the DL carriers are aggregated across two bands.

Table 3: DL/UL carrier configuration across two bands; X= carrier configured

	
	DL Band 1
	DL Band 2
	UL Band 1
	UL Band 2

	
	F1
	F2
	F3
	F4
	F1
	F2
	F1
	F2
	F3
	F4
	F1
	F2

	1
	X
	
	
	
	X
	
	X
	
	
	
	
	

	2
	X
	
	
	
	X
	
	
	
	
	
	X
	

	3
	X
	X
	
	
	X
	
	X
	X
	
	
	
	

	4
	X
	X
	
	
	X
	
	X
	
	
	
	
	

	5
	X
	X
	
	
	X
	
	
	X
	
	
	
	

	6
	X
	X
	
	
	X
	
	
	
	
	
	X
	

	7
	X
	X
	
	
	X
	X
	X
	X
	
	
	
	

	8
	X
	X
	
	
	X
	X
	
	
	
	
	X
	X

	9
	X
	X
	
	
	X
	X
	X
	
	
	
	
	

	10
	X
	X
	
	
	X
	X
	
	X
	
	
	
	

	11
	X
	X
	
	
	X
	X
	
	
	
	
	X
	

	12
	X
	X
	
	
	X
	X
	
	
	
	
	
	X

	13
	X
	X
	X
	
	X
	
	X
	X
	
	
	
	

	14
	X
	X
	X
	
	X
	
	
	X
	X
	
	
	

	15
	X
	X
	X
	
	X
	
	X
	
	
	
	
	

	16
	X
	X
	X
	
	X
	
	
	X
	
	
	
	

	17
	X
	X
	X
	
	X
	
	
	
	X
	
	
	

	18
	X
	X
	X
	
	X
	
	
	
	
	
	X
	


4. 
Activation/De-activation of secondary carriers

4.1. Activation/De-activation based on DC-HSDPA/DC-HSUPA

Similar to DC-HSDPA, we propose to activate or de-activate secondary carriers both on the downlink and uplink.
Table 4 lists 17 different types of active DL and UL carrier combinations for the case when carriers are aggregated in a single band.  Note that some types contain multiple combinations since they either refer to different anchor carrier configurations for the case when 1 uplink carrier is configured or different sets of uplink carriers when 2 uplink carriers are configured. For example if the downlink anchor carrier is set to frequency F2, and a UE is ordered by NodeB to transition to 1DL/1UL (Type 1), then the carrier combination on the DL/UL is F2/F2.
Also, the DL carrier combinations, for which carriers are non-adjacent (eg.4a) in a single band, further study is needed in RANWG4 to understand the impact on the demodulation performance due to the variation in receive signal power in the gap between the non-adjacent carriers.
Table 4: Active DL/UL Carrier Combination Types; Adjacent Carriers in a Single Band
	
	
	Downlink
	Uplink 

	Type
	
	F1
	F2
	F3
	F4
	F1
	F2
	F3
	F4

	1 1DL/1UL
	a
	X
	
	
	
	X
	
	
	

	
	b
	
	X
	
	
	
	X
	
	

	
	c
	
	
	X
	
	
	
	X
	

	
	d
	
	
	
	X
	
	
	
	X

	2 2DL/1UL
	a
	X
	X
	
	
	X
	
	
	

	
	b
	X
	X
	
	
	
	X
	
	

	3 2DL/1UL
	a
	X
	
	X
	
	X
	
	
	

	
	b
	X
	
	X
	
	
	
	X
	

	4 2DL/1UL
	a
	X
	
	
	X
	X
	
	
	

	
	b
	X
	
	
	X
	
	
	
	X

	5 2DL/1UL
	a
	
	X
	X
	
	
	X
	
	

	
	b
	
	X
	X
	
	
	
	X
	

	6 2DL/1UL
	a
	
	X
	
	X
	
	X
	
	

	
	b
	
	X
	
	X
	
	
	
	X

	7 3DL/1UL
	a
	X
	X
	X
	
	X
	
	
	

	
	b
	X
	X
	X
	
	
	X
	
	

	
	c
	X
	X
	X
	
	
	
	X
	

	8 3DL/1UL
	a
	X
	X
	
	X
	X
	
	
	

	
	b
	X
	X
	
	X
	
	X
	
	

	
	c
	X
	X
	
	X
	
	
	
	X

	9 3DL/1UL
	a
	X
	
	X
	X
	X
	
	
	

	
	b
	X
	
	X
	X
	
	
	X
	

	
	c
	X
	
	X
	X
	
	
	
	X

	10 3DL/1UL
	a
	
	X
	X
	X
	
	X
	
	

	
	b
	
	X
	X
	X
	
	
	X
	

	
	c
	
	X
	X
	X
	
	
	
	X

	11 4DL/1UL
	a
	X
	X
	X
	X
	X
	
	
	

	
	b
	X
	X
	X
	X
	
	X
	
	

	
	c
	X
	X
	X
	X
	
	
	X
	

	
	d
	X
	X
	X
	X
	
	
	
	X

	12 2DL/2UL
	a
	X
	X
	
	
	X
	X
	
	

	
	b
	
	X
	X
	
	
	X
	X
	

	
	c
	
	
	X
	X
	
	
	X
	X

	13 3DL/2UL
	a
	X
	X
	X
	
	X
	X
	
	

	
	b
	X
	X
	X
	
	
	X
	X
	

	14 3DL/2UL
	
	X
	
	X
	X
	
	
	X
	X

	15 3DL/2UL
	
	X
	X
	
	X
	X
	X
	
	

	16 3DL/2UL
	a
	
	X
	X
	X
	
	X
	X
	

	
	b
	
	X
	X
	X
	
	
	X
	X

	17 4DL/2UL
	a
	X
	X
	X
	X
	X
	X
	
	

	
	b
	X
	X
	X
	X
	
	X
	X
	

	
	c
	X
	X
	X
	X
	
	
	X
	X


Extending the activation/de-activation rules from DC-HSDPA and DC-HSUPA to 3C/4C-HSDPA, the following rules may be defined for 4C-HSDPA:
· The anchor carrier cannot be de-activated on the downlink or the uplink.
· As long as the multiple downlink and uplink carriers have been configured, any transition between DL/UL carrier combinations is allowed with the following exception:

· In case 2 uplink carriers are configured, the downlink carrier corresponding to the secondary uplink carrier cannot be de-activated while the secondary uplink carrier remains activated.

· Furthermore, based on RANWG4 study on non-adjacent carriers, we may need to introduce an additional rule to keep the DL carriers adjacent at any time.

Based on these rules, we can tabulate the different transitions between active carrier combinations. For example, the transition from 4 DL carriers to 3DL carriers is listed in Annex A.
4.2. Activation of UL carriers based on pre-configuration of all configured adjacent uplink carriers

In the previous section (4.1), we presented an activation design based on the legacy DC-HSDPA/DC-HSUPA feature. However, we recognize that when adjacent multiple carriers are configured on the downlink, and the anchor carrier is one of the center carriers (F2 in the case of 3 adjacent carriers and either F2 or F3 in the case of 4 adjacent carriers) dynamic load balancing can be achieved on the uplink at the NodeB as follows:
· When the UE is configured with 3 or 4 carriers in the downlink, the UTRAN also pre-configures the UE with F-DPCH for all adjacent uplink carriers corresponding to the configured DL carriers.
· At any given time, the NodeB activates at most 2 uplink carriers subject to the condition that the 2 uplink carriers are adjacent.
· The UE only monitors F-DPCH in the activated downlink carriers corresponding to the activated uplink carriers.
· Note that the F-DPCH can be over-allocated to multiple 4C-HSDPA UEs and the NodeB will only activate a secondary uplink carrier to a MC-HSDPA UE, if the F-DPCH resource is available i.e. none of the other MC-HSDPA UEs that collide with this UE for the F-DPCH resource are activated on the secondary uplink carrier.
Figures 1 and 2 illustrate the dynamic activation of carriers on either side of the anchor carrier (F2 or F3) for the 4C-HSDPA case.
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Figure 1: 3DL/2UL or 4DL/2UL configuration, Anchor = F2, UE can be dynamically activated on F2/F3 or F1/F2
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Figure 2: 4DL/2UL configuration, Anchor = F3, UE can be dynamically activated on F2/F3 or F3/F4

For the above cases when dynamic activation of the uplink carrier is allowed on either side of the anchor carrier, even though 2 uplink carriers can be active at any time, due to mobility procedures, there is a need to maintain active sets on in the 3 adjacent uplink carriers (anchor carrier plus one to the left and one to the right).

Proposal 1: Investigate further the benefit of pre-configuring F-DPCH in adjacent multiple carriers (> 2 carriers) for the purpose of dynamic load balancing of the uplink carriers.
5. 
Transmission of F-DPCH

Proposal 2: F-DPCH should be transmitted in the activated downlink carriers corresponding to the activated uplink carriers

Proposal 3: Reuse definition of F-DPCH timing as defined in DC-HSUPA, for the case when 2 uplink carriers are activated in 4C-HSDPA.

6. 
HS-SCCH Design
Proposal 4: Similar to Rel-8 DC-HSDPA, we propose that HS-SCCH is mapped on the same carrier as the data transmission of the HS-PDSCHs it controls.

In Rel-8 DC-HSDPA, based on the analysis in [2]-[4], the following was decided in RAN1#54:
UE monitors a maximum of in total 6 HS-SCCH (with a maximum of 4 HS-SCCH per carrier, as agreed earlier), plus one HS-SCCH on the anchor carrier for enhanced serving cell change
A similar analysis would be needed to determine the maximum number of HS-SCCH to monitor across all 4 carriers as well as per carrier. As a working assumption, based on the analysis in [2-[4], we propose the following:

Working Assumption 1 : For 3C-HSDPA, the UE monitors a maximum of in total 9 HS-SCCH (with a maximum of 4 HS-SCCH per carrier, as agreed earlier), plus one HS-SCCH on the anchor carrier for enhanced serving cell change
Working Assumption 2 : For 4C-HSDPA, the UE monitors a maximum of in total 12 HS-SCCH (with a maximum of 4 HS-SCCH per carrier, as agreed earlier), plus one HS-SCCH on the anchor carrier for enhanced serving cell change
7. DPDCH Configuration

Similar to Rel-8 DC-HSDPA, and Rel-9 DC-HSUPA, we propose the following:

Proposal 5: When 1 uplink is configured on the uplink, and multiple (2 , 3 , 4) carriers are configured on the downlink, the option to configure DPSCH on the primary (anchor) carrier on the downlink and on the single uplink carrier is supported.
Proposal 6: When 2 uplink carriers are configured on the uplink, and multiple (2, 3, 4) carriers are configured on the downlink, the option to configure DPDCH in UL/DL is not supported

8. Timing of Secondary serving HS-DSCH cells
Similar to Rel-8 DC-HSDPA, we propose the following:
Proposal 7: When the UE is configured with multiple secondary serving HS-DSCH cells, it shall not rely on the presence of any common physical channel from the secondary cells other than CPICH. 

Proposal 8: The radio frame timing and timing reference for any secondary serving HS-DSCH cell follows the same definition as that defined for the secondary HS-DSCH cell in the case of Rel-8 DC-HSDPA.

9. Downlink Transmit Diversity

With regard to the applicability of downlink transmit diversity when 3 or 4 downlink carriers are configured, we propose the following:

Proposal 9: CLTD is not supported in combination with 3C-HSDPA or 4C-HSDPA operation

Proposal 10: STTD is supported in combination with 3C-HSDPA or 4C-HSDPA operation

Proposal 11: STTD is configurable per carrier with 3C-HSDPA or 4C-HSDPA operation

Proposal 12: TxAA Non-MIMO is supported in combination with 3C-HSDPA or 4C-HSDPA operation.

Proposal 13: TxAA Non-MIMO is configurable per carrier with 3C-HSDPA or 4C-HSDPA operation.

10. 
HS-DPCCH Design
Given the increased amount of feedback information to support up to 4 carriers, each of them transmitting 2 MIMO streams, we recognize the need to either increase the number of HS-DPCCH channelization codes from 1 to 2 or consider reducing the spreading factor of the HS-DPCCH. Further discussion on this topic is provided in [5] and [6].
11. 
CPC Design

We propose to extend the CPC design concept defined for Rel-8 DC-HSDPA and Rel-9 DC-HSUPA to 4C-HSDPA.
Proposal 14: HS-SCCH-less operation is restricted to the anchor carrier.
Proposal 15: DTX/DRX operations are operated on all configured carriers while observing the same timing.
Proposal 16: Only one common DRX mode applies for all configured downlink carriers
Proposal 17:  The RRC configuration parameters for UE DTX/DRX should be common for the multiple carriers configured on the downlink as well as the uplink.
Proposal 18: The two uplink carriers have independent state machines for UE DTX
12. Physical Channel Establishment and Failure

With regard to Physical Channel Establishment and Failure procedures, we could borrow the same concept from DC-HSDPA and DC-HSUPA. 
13. UE Categories
For 4C-HSDPA, the UE categories can be distinguished on the basis of the following:
· Total number of configured downlink carriers

· Total number of downlink carriers on which MIMO is configured

· Supported modulations

· QPSK, 16QAM

· QPSK, 16QAM, 64QAM

Based on the above criteria, Table 5 lists a possible set of UE categories for 4C-HSDPA.

Table 5: UE Categories for 4C-HSDPA

	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI

	Total Number of soft channel bits
	Total Number of DL Carriers
	Total Number of DL Carriers in which MIMO is configured
	Supported modulations without MIMO operation in aggregated carriers
	Supported modulations with MIMO operation in aggregated carriers

	29
	15
	1
	27952
	518400
	3
	0
	QPSK, 16QAM
	QPSK, 16QAM

	30
	15
	1
	42192
	777600
	3
	0
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	31
	15
	1
	27952
	691200
	3
	1
	QPSK, 16QAM
	QPSK, 16QAM

	32
	15
	1
	42192
	1036800
	3
	1
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	33
	15
	1
	27952
	864000
	3
	2
	QPSK, 16QAM
	QPSK, 16QAM

	34
	15
	1
	42192
	1296000
	3
	2
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	35
	15
	1
	27952
	1036800
	3
	3
	QPSK, 16QAM
	QPSK, 16QAM

	36
	15
	1
	42192
	1555200
	3
	3
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	37
	15
	1
	27952
	691200
	4
	0
	QPSK, 16QAM
	QPSK, 16QAM

	38
	15
	1
	42192
	1036800
	4
	0
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	39
	15
	1
	27952
	864000
	4
	1
	QPSK, 16QAM
	QPSK, 16QAM

	40
	15
	1
	42192
	1296000
	4
	1
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	41
	15
	1
	27952
	1036800
	4
	2
	QPSK, 16QAM
	QPSK, 16QAM

	42
	15
	1
	42192
	1555200
	4
	2
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	43
	15
	1
	27952
	1209600
	4
	3
	QPSK, 16QAM
	QPSK, 16QAM

	44
	15
	1
	42192
	1814400
	4
	3
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	45
	15
	1
	27952
	1382400
	4
	4
	QPSK, 16QAM
	QPSK, 16QAM

	46
	15
	1
	42192
	2073600
	4
	4
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM


14. Conclusions

In this contribution, we have outlined a design framework for 4C-HSDPA.
The following proposals and working assumptions were discussed:

Proposal 1: Investigate further the benefit of pre-configuring F-DPCH in adjacent multiple carriers (> 2 carriers) for the purpose of dynamic load balancing of the uplink carriers.
Proposal 2: F-DPCH should be transmitted in the activated downlink carriers corresponding to the activated uplink carriers

Proposal 3: Reuse definition of F-DPCH timing as defined in DC-HSUPA, for the case when 2 uplink carriers are activated in 4C-HSDPA.

Proposal 4: Similar to Rel-8 DC-HSDPA, we propose that HS-SCCH is mapped on the same carrier as the data transmission of the HS-PDSCHs it controls.

Proposal 5: When 1 uplink is configured on the uplink, and multiple (2 , 3 , 4) carriers are configured on the downlink, the option to configure DPSCH on the primary (anchor) carrier on the downlink and on the single uplink carrier is supported.
Proposal 6: When 2 uplink carriers are configured on the uplink, and multiple (2, 3, 4) carriers are configured on the downlink, the option to configure DPDCH in UL/DL is not supported

Proposal 7: When the UE is configured with multiple secondary serving HS-DSCH cells, it shall not rely on the presence of any common physical channel from the secondary cells other than CPICH. 

Proposal 8: The radio frame timing and timing reference for any secondary serving HS-DSCH cell follows the same definition as that defined for the secondary HS-DSCH cell in the case of Rel-8 DC-HSDPA.

Proposal 9: CLTD is not supported in combination with 3C-HSDPA or 4C-HSDPA operaton

Proposal 10: STTD is supported in combination with 3C-HSDPA or 4C-HSDPA operation

Proposal 11: STTD is configurable per carrier with 3C-HSDPA or 4C-HSDPA operation

Proposal 12: TxAA Non-MIMO is supported in combination with 3C-HSDPA or 4C-HSDPA operation.

Proposal 13: TxAA Non-MIMO is configurable per carrier with 3C-HSDPA or 4C-HSDPA operation.

Proposal 14: HS-SCCH-less operation is restricted to the anchor carrier.
Proposal 15: DTX/DRX operations are operated on all configured carriers while observing the same timing.
Proposal 16: Only one common DRX mode applies for all configured downlink carriers
Proposal 17:  The RRC configuration parameters for UE DTX/DRX should be common for the multiple carriers configured on the downlink as well as the uplink.
Proposal 18: The two uplink carriers have independent state machines for UE DTX
Working Assumption 1 : For 3C-HSDPA, the UE monitors a maximum of in total 9 HS-SCCH (with a maximum of 4 HS-SCCH per carrier, as agreed earlier), plus one HS-SCCH on the anchor carrier for enhanced serving cell change
Working Assumption 2 : For 4C-HSDPA, the UE monitors a maximum of in total 12 HS-SCCH (with a maximum of 4 HS-SCCH per carrier, as agreed earlier), plus one HS-SCCH on the anchor carrier for enhanced serving cell change
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16. Annex  Transition of Active Carrier Combinations

In Table 6 we list a set of possible active carrier combinations, when we transition from 4 DL to 3DL carriers. In the absence of any RANWG4 input on the feasibility of non-adjacent carrier operation in the downlink at the UE receiver, we have listed all possible combinations. Based on the output of the non-adjacent carrier study, the carrier combinations may be pruned.

Table 6: 4 downlink carriers to 3 downlink carrier, Carrier aggregation in a single band
	Transition
	Current Active Carrier Combination
	Next Active Carrier Combination
	Anchor Carrier

	1                4DL/2UL(3DL/2UL
	17a                                              DL:F1/F2/F3/F4, UL: F1/F2
	13a                                                                    DL: F1/F2/F3, UL: F1/F2
	F1 or F2

	2                4DL/2UL(3DL/2UL
	17a                                            DL:F1/F2/F3/F4, UL: F1/F2
	15                                                                    DL: F1/F2/F4, UL: F1/F2
	F1 or F2

	3                4DL/2UL(3DL/2UL
	17b                                              DL:F1/F2/F3/F4, UL: F2/F3
	13b                                                                   DL: F1/F2/F3, UL: F2/F3
	F2 or F3

	4                4DL/2UL(3DL/2UL
	17b                                              DL:F1/F2/F3/F4, UL: F2/F3
	16a                                                                  DL: F2/F3/F4, UL: F2/F3
	F2 or F3

	5                4DL/2UL(3DL/2UL
	17c                                              DL:F1/F2/F3/F4, UL: F3/F4
	16b                                                                   DL: F2/F3/F4, UL: F3/F4
	F3 or F4

	6                4DL/2UL(3DL/2UL
	17c                                              DL:F1/F2/F3/F4, UL: F3/F4
	14                                                                   DL: F1/F3/F4, UL: F3/F4
	F3 or F4

	7                4DL/2UL(3DL/1UL
	17a                                              DL:F1/F2/F3/F4, UL: F1/F2
	7a                                                                    DL: F1,F2,F3, UL: F1
	F1

	8                4DL/2UL(3DL/1UL
	17a                                              DL:F1/F2/F3/F4, UL: F1/F2
	8a                                                                    DL: F1,F2,F4, UL: F1
	F1

	9                4DL/2UL(3DL/1UL
	17a                                              DL:F1/F2/F3/F4, UL: F1/F2
	9a                                                                    DL: F1,F3,F4, UL: F1
	F1

	10                4DL/2UL(3DL/1UL
	17a                                              DL:F1/F2/F3/F4, UL: F1/F2
	7b                                                                    DL: F1,F2,F3, UL: F2
	F2

	11                4DL/2UL(3DL/1UL
	17a                                              DL:F1/F2/F3/F4, UL: F1/F2
	10a                                                                    DL: F2,F3,F4, UL: F2
	F2

	12                4DL/2UL(3DL/1UL
	17a                                             DL:F1/F2/F3/F4, UL: F1/F2
	8b                                                                    DL: F1,F2,F4, UL: F2
	F2

	13                4DL/2UL(3DL/1UL
	17b                                              DL:F1/F2/F3/F4, UL: F2/F3
	7b                                                                  DL: F1,F2,F3, UL: F2
	F2

	14                4DL/2UL(3DL/1UL
	17b                                              DL:F1/F2/F3/F4, UL: F2/F3
	10a                                                                    DL: F2,F3,F4, UL: F2
	F2

	15                4DL/2UL(3DL/1UL
	17b                                              DL:F1/F2/F3/F4, UL: F2/F3
	8b                                                                    DL: F1,F2,F4, UL: F2
	F2

	16                4DL/2UL(3DL/1UL
	17b                                             DL:F1/F2/F3/F4, UL: F2/F3
	7c                                                                  DL: F1,F2,F3, UL: F3
	F3

	17                4DL/2UL(3DL/1UL
	17b                                             DL:F1/F2/F3/F4, UL: F2/F3
	10b                                                                   DL: F2,F3,F4, UL: F3
	F3

	18                4DL/2UL(3DL/1UL
	17b                                             DL:F1/F2/F3/F4, UL: F2/F3
	9b                                                                    DL: F1,F3,F4, UL: F3
	F3

	19                4DL/2UL(3DL/1UL
	17c                                              DL:F1/F2/F3/F4, UL: F3/F4
	7b                                                                  DL: F1,F2,F3, UL: F3
	F3

	20               4DL/2UL(3DL/1UL
	17c                                              DL:F1/F2/F3/F4, UL: F3/F4
	10a                                                                    DL: F2,F3,F4, UL: F3
	F3

	21                4DL/2UL(3DL/1UL
	17c                                              DL:F1/F2/F3/F4, UL: F3/F4
	8b                                                                    DL: F1,F3,F4, UL: F3
	F3

	22               4DL/2UL(3DL/1UL
	17c                                             DL:F1/F2/F3/F4, UL: F3/F4
	10c                                                                  DL: F2,F3,F4 UL: F4
	F4

	23              4DL/2UL(3DL/1UL
	17c                                            DL:F1/F2/F3/F4, UL: F3/F4
	8c                                                                   DL: F1,F2,F4, UL: F4
	F4

	24                4DL/2UL(3DL/1UL
	17c                                             DL:F1/F2/F3/F4, UL: F3/F4
	9c                                                                    DL: F1,F3,F4, UL: F4
	F4

	25              4DL/1UL(3DL/2UL
	11a                                             DL:F1/F2/F3/F4, UL: F1
	13a                                                                   DL: F1,F2,F3, UL: F1/F2
	F1

	26             4DL/1UL(3DL/2UL
	11a                                             DL:F1/F2/F3/F4, UL: F1
	15                                                                   DL: F1,F2,F4, UL: F1/F2
	F1

	27              4DL/1UL(3DL/2UL
	11b                                             DL:F1/F2/F3/F4, UL: F2
	13a                                                                   DL: F1,F2,F3, UL: F1/F2
	F2

	28              4DL/1UL(3DL/2UL
	11b                                             DL:F1/F2/F3/F4, UL: F2
	15                                                                   DL: F1,F2,F4, UL: F1/F2
	F2

	29              4DL/1UL(3DL/2UL
	11b                                             DL:F1/F2/F3/F4, UL: F2
	13b                                                                  DL: F1,F2,F3, UL: F2/F3
	F2

	30              4DL/1UL(3DL/2UL
	11b                                             DL:F1/F2/F3/F4, UL: F2
	16a                                                                   DL: F2,F3,F4, UL: F2/F3
	F2

	31              4DL/1UL(3DL/2UL
	11c                                             DL:F1/F2/F3/F4, UL: F3
	13b                                                                   DL: F1,F2,F3, UL: F2/F3
	F3

	32              4DL/1UL(3DL/2UL
	11c                                             DL:F1/F2/F3/F4, UL: F3
	16a                                                                   DL: F2,F3,F4, UL: F2/F3
	F3

	33              4DL/1UL(3DL/2UL
	11c                                             DL:F1/F2/F3/F4, UL: F3
	14                                                                  DL: F1,F3,F4, UL: F3/F4
	F3

	34              4DL/1UL(3DL/2UL
	11c                                             DL:F1/F2/F3/F4, UL: F3
	16b                                                                   DL: F2,F3,F4, UL: F3/F4
	F3

	35             4DL/1UL(3DL/2UL
	11d                                            DL:F1/F2/F3/F4, UL: F4
	14                                                                   DL: F1,F3,F4, UL: F3/F4
	F4

	36              4DL/1UL(3DL/2UL
	11d                                            DL:F1/F2/F3/F4, UL: F4
	16b                                                                   DL: F2,F3,F4, UL: F3/F4
	F4

	37              4DL/1UL(3DL/1UL
	11a                                             DL:F1/F2/F3/F4, UL: F1
	7a                                                                  DL: F1,F2,F3, UL: F1
	F1

	38              4DL/1UL(3DL/1UL
	11a                                             DL:F1/F2/F3/F4, UL: F1
	8a                                                                  DL: F1,F2,F4, UL: F1
	F1

	39             4DL/1UL(3DL/1UL
	11a                                             DL:F1/F2/F3/F4, UL: F1
	8a                                                                  DL: F1,F3,F4, UL: F1
	F1

	40              4DL/1UL(3DL/1UL
	11b                                             DL:F1/F2/F3/F4, UL: F2
	7b                                                                  DL: F1,F2,F3, UL: F2
	F2

	41              4DL/1UL(3DL/1UL
	11b                                             DL:F1/F2/F3/F4, UL: F2
	8b                                                                 DL: F1,F2,F4, UL: F2
	F2

	42              4DL/1UL(3DL/1UL
	11b                                            DL:F1/F2/F3/F4, UL: F2
	10a                                                                DL: F2,F3,F4, UL: F2
	F2

	43              4DL/1UL(3DL/1UL
	11c                                            DL:F1/F2/F3/F4, UL: F3
	7c                                                                 DL: F1,F2,F3, UL: F3
	F3

	44              4DL/1UL(3DL/1UL
	11c                                             DL:F1/F2/F3/F4, UL: F3
	9b                                                                 DL: F1,F3,F4, UL: F3
	F3

	45              4DL/1UL(3DL/1UL
	11c                                             DL:F1/F2/F3/F4, UL: F3
	10b                                                               DL: F2,F3,F4, UL: F3
	F3

	46              4DL/1UL(3DL/1UL
	11d                                            DL:F1/F2/F3/F4, UL: F4
	8c                                                             DL: F1,F2,F4, UL: F4
	F4

	47              4DL/1UL(3DL/1UL
	11d                                             DL:F1/F2/F3/F4, UL: F4
	9c                                                              DL: F1,F3,F4, UL: F4
	F4

	48              4DL/1UL(3DL/1UL
	11d                                             DL:F1/F2/F3/F4, UL: F4
	10c                                                               DL: F2,F3,F4, UL: F4
	F4
























