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1.
Introduction

This contribution outlines the protocol aspects of 4-carrier HSDPA operation (denoted “4C-HSDPA” below). 
1.1
4-carrier HSDPA operation WI
RAN#46 initiated a work item on 4-carrier HSDPA operation [1] with 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 carriers are configured to be spread across 1 or 2 bands.

d. The carriers within one band are configured to be adjacent.

e. 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. The combinations developed under this WI will be added to the WID in RAN#47.

f. 3-4 carriers HSDPA is independent of DC-HSUPA and thus it should be compatible with single UL carrier operation.

g. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be re-used unless non-re-use can be justified by clear benefits.

· Introduce the functionality in the relevant specifications of

a. UL and DL control channel structure 

b. L2/L3 protocols

b.1   The Layer 1/2/3 protocols shall be designed in such a way that they would not require changes to support non-adjacent channels in same band 

c. UTRAN network interfaces

d. UE RF core requirements with the work task breakdown 

In order to reduce UE RF combinations for the multi-band options, TSG RAN WG4 should as initial task identify a limited set of band combinations and number of carriers in each band to be covered in this WI and provide its findings to RAN#47 so that the supported band combinations and number of supported carriers per band can be added to the WID in RAN#47. The way of working and combinations identified for DB-HSDPA in Rel-9 should serve as a baseline for discussion for this WI. Secondarily, TSG RAN WG4 should study the feasibility of supporting operation of non-adjacent carriers within a single band arising from deactivation of configured carriers and report to RAN.
Work should address the following main areas:

· 3-4 carrier solutions configured adjacent in one band where MIMO operation is configured for zero, some or all carriers

· 3-4 carrier solutions across 2 bands where carriers on each band are configured adjacent and where MIMO operation is configured for zero, some or all carriers

· Operation of non-adjacent carriers within single band arising from the deactivation of one or more configured carriers should be supported if considered feasible by RAN4

2
Discussion RAN3 Aspects of 4C-HSDPA
2.1
Background
The cell capability handling for multi-carrier and the cell lists defined in 25.433 are illustrated below as background to the discussion in chapter 2.2.
9.1.17
AUDIT RESPONSE

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Message Discriminator
	M
	
	9.2.1.45
	
	–
	

	Message Type
	M
	
	9.2.1.46
	
	YES
	reject


...................

	Local Cell Information
	
	0..<maxLocalCellinNode B>
	
	
	EACH
	ignore

	>Local Cell ID
	M
	
	9.2.1.38
	
	–
	


...................
	>Multi Cell Capability Info
	O
	
	9.2.2.113
	FDD only
	YES
	ignore


9.2.2.113
Multi Cell Capability Info
This parameter defines the Multi Cell capability information for a Local Cell.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Multi Cell Capability
	M
	
	ENUMERATED (Multi Cell Capable, Multi Cell non Capable)
	

	Possible Secondary Serving Cell List
	
	0..<maxnoofHSDSCH-1>
	
	For secondary serving HS-DSCH cell.

	>Possible Secondary Serving Cell
	M
	
	Local Cell ID

9.2.1.38
	Cells possible to serve in multicell adjacent carrier operation[22] (same sector)


	Range bound
	Explanation

	maxnoofHSDSCH-1
	Maximum number of Secondary Serving HS-DSCH cells for one UE.


2.2
Cell capabilities
An indication that the cell is 4-carrier 4C-HSDPA capable should be introduced. To simplify handling of dependencies to the multi-cell related capabilities of rel8/9 the multi-cell capability and dual band cell capability shall still be interpreted as in rel8/9, but with the difference that the cell is capable to be part of the active set of a UE where the Radio Links of the UE spans over more than two frequencies. It is proposed that the cell capability indication related to 4C-HSDPA should indicate the maximum number of frequencies. The indication of maximum number of frequencies can take the values 3 or 4 in rel10 and may be introduced as a cell capability in the cell capability container or as a separate IE. The exact coding is FFS and should be solved during stage 3 work.
Proposal 1: use the current (rel8/9) multi cell/dual band capability definitions also for details about the 4C-HSDPA cell capability according to the definitions in rel8/9. For 4C-HSDPA the maximum number of frequencies per UE context is added as a cell capability, indicating that the cell is capable of handling dedicated radio links for a UE context involving up to 3 or 4 frequencies.
It is assumed that the current cell lists in NBAP (Multi Cell Capability Info IE and Dual Band Capability Info IE) and corresponding cell lists for RNSAP can be used also when the number of frequencies extends to more than two. To retrieve a complete list of possible cells the two cell lists have to be combined if not all cells can serve in both dual band and dual carrier configurations. In RNSAP there is a restriction that the cell list is limited to one cell, this restriction should be removed. No other limitation than the current constant "maxnoofHSDSCH-1" = 32 is needed in the cell lists in rel10 specifications.
Proposal 2: the current cell lists are used also for 4C-HSDPA capability handling. The limitation to one cell is removed from RNSAP, the only restriction in rel10 is that  "maxnoofHSDSCH-1" = 32.
When 4C-HSDPA is introduced there will no longer be a one-to-one mapping between the cells used for multi-carrier in DL and UL. The cell list (Possible Secondary Serving Cell) may contain cells that are DC-HSUPA capable, but can not serve in a DC-HSUPA peer with the cell that can be the serving cell in DC HSPA operation (Local Cell ID in Local Cell Information). There might be NodeB hardware limitations, radio network tuning or other constraints that limits the possible DC-HSUPA peers in a sector. Therefore it shall be possible to indicate for each cell of the cell list (Possible Secondary Serving Cell), if the DC-HSUPA capability is restricted for peering with the cell that can be the serving HS-DSCH cell (Local Cell ID in Local Cell Information).
Proposal 3: it shall be possible to indicate for each cell of the cell list in the Multi Cell Capability Info IE (corresponding in RNSAP), if the DC-HSUPA capability is restricted for peering with the cell that can be the serving HS-DSCH cell.
As DB+MIMO is not supported in rel9 but is part of the 4C-HSDPA configurations in rel10,  an indication that a cell is DB+MIMO capable is needed. For consistency with the Multi Cell and MIMO Capability handling, this indication should be indicated with a capability bit in the capability containers in NBAP/RNSAP in the same way as for the other rel 9 capabilities.
Proposal 4: DB+MIMO cell capability shall be indicated with a capability bit in the capability containers in NBAP/RNSAP in the same way as for the other rel9 capabilities.
2.3
Radio Link Handling

The Radio Link handling in NBAP and RNSAP is already designed to accommodate more than two frequencies for a UE. The restrictions defined in semantics in the loops over carrier should be increased from one in the current standard to three. 
The rate definitions in NBAP/RNSAP have ranges that are sufficient for 4C-HSDPA operation. E.g. HS-DSCH Provided Bit Rate Value for common measurements in NBAP and the MAC-hs guaranteed rates per priority queue can take values up to up to 256 Mbps.
For the multi frequency HSDPA operation in rel8/9 there is no need to reference a carrier or band in the dedicated RL handling, the RL ID or cell ID is enough as reference. We don't foresee functions in 4C-HSDPA operations in rel10 that would need a reference to the frequency, i.e. the current identities of the RL handling are sufficient.
Depending on decisions in RAN1 or RAN2 there might be a need to signal new IEs to NodeB/DRNS, or make an existing IE, defined as common in rel9, cell specific in rel10.
Proposal 5:  The restrictions in the loops over carrier shall be increased from one to three in NBAP and RNSAP. 
2.4
User plane protocol

The User Plane protocol is independent of MAC-ehs as it transports only MAC-d. Therefore the assumption is that there are no impacts to the User Plane protocol.
2.5
RAB handling

In rel8 RANAP was updated to allow signalling of maximum/guaranteed bitrate of 1 000 Mbps. This range is sufficient also for 4C-HSDPA. Therefore the assumption is that there are no impacts to RANAP from 4C-HSDPA operation. 
3.
Proposal

It is proposed to discuss and agree on the proposals 1 - 5 in chapter 2.
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