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Discussion
1 Introduction
At RAN#45 a Work Item in [1] on Four Carrier HSDPA was proposed. Although the WI approval was deferred to RAN#46, the plenary agreed that work should start earlier in RAN1 [2]. This can enable RAN1 to identify concept options for the RAN1 aspects, as well as elaborating the detailed scope of the WI so that when the actual work item phase starts specification work can focus on scenarios that are most relevant to operators.

RAN4 will start work after RAN#46 and initially focus on identifying a limited set of band combinations to be covered in the work item.
This contribution discusses a number of options and their implications in terms of UL and DL control signalling to progress the study. 
2 Assumptions
The rest of the paper is based on the following assumptions
· 3 and 4 DL HSDPA carriers should be supported
· The DL carriers are part of maximum 2 different bands

·  3 or 4 DL HSDPA carriers are associated with 1 or 2 UL carriers
· Control channel design for 4 carrier-HSDPA should be future proof i.e. allow for a smooth extension to more than 2 carriers in the UL, if this extension is considered useful to operators
According to the proposed WI, the possibility for non-adjacent carriers in the same band is not excluded, but UE complexity needs to be addressed as part of the activity for identifying band combinations.
This paper discusses

· DL carriers grouping

· Relation to UL

· Associated DL control signalling (HS-SCCH, E-xGCH, E-HICH)

· Associated UL control signalling (HS-DPCCH, E-DPCCH)

3 Carrier grouping, UL/DL association

3.1 Carrier grouping
The discussion on DL carrier grouping is mostly relevant for RAN4. From a RAN1 perspective adjacent, non adjacent belonging or not to the same band has the same impact on complexity. (baseband processing requirement is the same).
We believe these cases (adjacent, non adjacent belonging or not to the same band) are likely to be of interest as operators around the world face a variety of deployments in bands such as 850MHz, 900, 1800 and 2100MHz that will lead to the following options:
· 3 adjacent carriers

· 3 non adjacent in one band (1+2, 1+1+1 to be discussed)

· 3 non adjacent in 2 bands (1+2, 1+1+1 to be discussed)
· 4 adjacent carriers
· 4 non adjacent carriers in one band(at least 1+3 and 2+2, 1+1+2 and 1+1+1+1 to be discussed)
· 4 non adjacent carriers in 2 bands (at least 1+3 and 2+2, 1+1+2 and 1+1+1+1 to be discussed)

These DL allocations correspond to bands allocated as paired spectrum i.e. each DL carrier is associated to an UL carrier leading to in theory possibly also 3 / 4 carriers in the UL in the future. It is understood that the current work item focuses on DL; however, we believe it is of interest to consider the symmetric traffic allocation in order to design a future proof solution, ready for later releases.
The next section discusses DL/UL association.

3.2 DL/UL association
[1] is not explicit about the DL/UL association i.e. what UL configuration is associated with 3-4 carriers in the DL. It is quite important to agree on this aspect because it has significant impact on the design of the control signalling.

It also raises the question of designing a solution that is future proof and of the evolution path operators want to follow when introducing multi-carrier with more than 2 carriers in their network.
Several scenarios can be envisaged

1) DL/UL asymmetry may be larger than 2
· DC/DB HSPA introduced

· 3-4 DL carrier introduced first with 1 UL carrier

· 2nd UL carrier is introduced later, and no more than 2 UL carriers will be necessary
In this scenario, two sub-cases can be envisaged

· Scenario 1a where the UL traffic will not go beyond 2 carriers 
· Scenario 1b where UL traffic also increases and the 3rd and 4th UL carrier are needed

For both 1a and 1b, release 10 should support the case of 1 UL carrier in association with 3 or 4 DL carriers.

2) DL/ UL asymmetry remains equal or smaller than 2
· DC/HSPA introduced
· DC-HSUPA introduced

· 3-4 DL carriers introduced in association with 2 UL carriers

· In a later phase, it is envisaged to introduced 3-4 UL carriers

In this case, 3-4 DL carriers will always be associated with at least 2 uplink carriers.

It is therefore essential to understand in this first phase of the work on 4C-HSDPA whether operators intend to use always more than 1 carrier in the UL in association with 3 or 4 DL carriers – i.e. can it be assumed that at least 2 UL carriers will always be present, or does the Layer 1 signalling have to also support the case of just 1 UL carrier configured with 3 or 4 DL carriers. In our view, the work should also consider extensibility to more than 2 UL carriers in a later release. 
The next section details the options discussed above in terms of DL and UL associated signalling.

4 Physical channel design
We assume here that the HS-SCCH evolution is straightforward, continuing the approach adopted for DC-HSDPA. The most significant question facing RAN1 is the design of the HS-DPCCH signalling in the uplink. 

The tables below show the existing cases of DC-HSDPA and DC-HSUPA (shaded), followed by the possible extension cases. 
4.1 Option A: 3-4 DL carriers may be associated with a single UL carrier

	
	2DL/1UL
	2DL/2UL
	3DL/1UL
	4DL/1UL
	3DL/2UL
	4DL/ 2UL

	DL
	Control
	HS-SCCH
	C1 C2
	C1 C2
	C1 C2 C3
	C1 C2 C3 C4
	C1 C2 C3
	C1 C2 C3 C4

	
	
	F-DPCH
	C1
	C1 C2
	C1
	C1
	C1 C2
	C1 C2

	
	
	E-xGCH, E-HICH
	C1
	C1 C2
	C1
	C1
	C1 C2
	C1 C2

	
	Traffic
	HS-DSCH
	C1 C2
	C1 C2
	C1 C2 C3
	C1 C2 C3 C4
	C1 C2 C3
	C1 C2 C3 C4

	UL
	Control
	HS-DPCCH
	C1*
	C1* 
	C1* (for all DL carriers)
· CDM
· SF reduction
· TDM

· Hybrid solution
	C1* (for all DL carriers)
· CDM

· SF reduction

· TDM

· Hybrid solution
	C1* (for carrier 1 and 2)

C2* for carrier 3 
	C1* (for carrier 1 and 2)

C3* (for carrier 3 and 4)

	
	
	
	
	
	
	
	C1* (for all DL carriers) 
	C1* (for all DL carriers) 

	
	
	E-DPCCH
	C1*
	C1* C2*
	C1*
	C1*
	C1* C2*
	C1* C2*

	
	Traffic
	E-DPDCH
	C1*
	C1* C2*
	C1*
	C1*
	C1* C2*
	C1* C2*


DL carriers 1, 2, 3 (4) are denoted C1, C2, C3 (C4) corresponding UL carrier(s) is (are) denoted C1* (and C2*).
Note: association with UL is configured by higher layers i.e. we have taken carrier 1 and 2 for associated uplink. Numbering does not assume any ordering of the frequencies and bands.

4.2 Option B: 3-4 DL carriers associated with at least 2 UL carriers and evolution towards more than 2 UL carriers 

	
	2DL/1UL
	2DL/2UL
	3DL/2UL
	4DL/2UL
	3DL/3UL
	4DL/ 4UL

	DL
	Control
	HS-SCCH
	C1 C2
	C1 C2
	C1 C2 C3
	C1 C2 C3 C4
	C1 C2 C3
	C1 C2 C3 C4

	
	
	F-DPCH
	C1
	C1 C2
	C1 C2
	C1 C2
	C1 C2 C3
	C1 C2 C3 C4

	
	
	E-xGCH, E-HICH
	C1
	C1 C2
	C1 C2
	C1 C2
	C1 C2 C3
	C1 C2 C3 C4

	
	Traffic
	HS-DSCH
	C1 C2
	C1 C2
	C1 C2 C3
	C1 C2 C3 C4
	C1 C2 C3
	C1 C2 C3 C4

	UL
	Control
	HS-DPCCH
	C1*
	C1* 
	C1* (for carrier 1 and 2)

C2* for carrier 3 
	C1* (for carrier 1 and 2)

C3* (for carrier 3 and 4)
	C1* C2* C3*
	C1* C2* C3* C4*

	
	
	
	
	
	
	
	C1* (for carrier 1 and 2)

C2* for carrier 3
	C1* (for carrier 1 and 2)

C3* (for carrier 3 and 4)

	
	
	E-DPCCH
	C1*
	C1* C2*
	C1* C2*
	C1* C2*
	C1* C2* C3*
	C1* C2* C3* C4*

	
	Traffic
	E-DPDCH
	C1*
	C1* C2*
	C1* C2*
	C1* C2*
	C1* C2* C3*
	C1* C2* C3* C4*


5 HS-SCCH set size
Another question which will need to be addressed when designing 4C-HSDPA is the size of the HS-SCCH set.
In release 5, HS-SCCH set was limited to 4 codes; when introducing DC-HSDPA, it was agreed to extend the HS-SCCH set size to 6 codes spread over the 2 carriers but with never more than 4 codes on 1 carrier. One additional code was also added for fast cell change orders. 
For release 10 and 3 or 4 HSDPA carriers, the size of the HS-SCCH set should be discussed taking into account UE complexity and scheduling flexibility.

RAN1 should agree on:

· Total number of HS-SCCH codes to be monitored (presumably not more than 12 in 4-carrier case)
· Maximum number of codes per carrier (4)

6 Summary
In this contribution, we have discussed the main concept options which can be envisaged in the physical layer design of 4C HSDPA in release 10.
From the analysis in section 4, it appears that an essential aspect of the design of 4C-HSDPA is the HS-DPCCH format for the associated UL. Depending on the envisaged scenario and preferred evolution path, it may be more or less advantageous to choose a given solution. If 1 UL carrier needs to be supported in association with 3 or 4 DL carriers, it should be kept in mind that all solutions imply a redesign of the HS-DPCCH format. In this case, some work will have to be done regarding performance, cubic metric estimation and node B complexity for the various options (TDM, CDM, SF reduction, hybrid). If 1 UL carrier does not need to be supported then less redesign is needed and most of the work done for release 8/9 can be re-used.
In order to reduce complexity from a UE and network perspective and allow for a smooth evolution path from Dual carrier HSPA to 3 or 4 carrier HSPA, we would like to propose the following approach:

1) Decide on the support of 1 UL carrier in association with 3 or 4 DL carriers.

Operators’ guidance will be essential for this step. If it is agreed that 1 UL carrier does not need to be supported, this will simplify the introduction of 4C HSDPA in release 10 as there will be no need to design a new HS-DPCCH format.

2) If  1 UL carrier needs to be supported

a. Agree on options to evaluate (TDM, CDM, SF reduction, hybrid)

b. Discuss performance, cubic metric (RAN4), node B complexity aspects

c. If later extension to more than 3 UL carriers is envisaged, some discussion also needs to take place on when to introduce the 2nd uplink carrier for HS-DPCCH (could be done already for 3-4 DL with 2UL or only when introducing the 3rd UL carrier)

3) If 1 UL carrier does not need to be supported

a. Re-use the work done for release 8/9 with DC-HSDPA and DC-HSUPA. 
b. Extension to more than 2 UL carriers can be done very easily by re-using the same principles.
Section 5 discusses the HS-SCCH set size extension.
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