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Introduction

In RAN#46, a Work Item on 4C-HSDPA was opened [1]. In this contribution, we investigate the possible impacts of 4C-HSDPA on RAN2 specifications.
2
Agreements and Working Assumptions from RAN WG1#59

RAN1 has started working on 4C-HSDPA and has made some initial agreements and working assumptions in RAN WG1#59. These are listed below as per RAN1 chairman notes.
2.1

RAN WG1 Agreements on 4C-HSDPA

·  MC-HSDPA and DC-HSUPA configuration should be able to be independent. 

· The number of uplink carriers should be independent of the number of downlink carriers
· In the design of HS-DPCCH, it is not precluded to take into account the possibility to use multiple UL carriers in a “future” release. 

· The pairing of the primary uplink and primary downlink should be maintained as in Rel.8 and Rel.9
· RAN1 specs shall not preclude the possibility of non-adjacent carrier operation in one band.

· RAN4 will take the decision of what release (if any) non-adjacent carrier operation may be introduced

· Transmit diversity and MIMO should be configurable per carrier, up to a maximum of all the configured carriers

· Agree on that all downlink carriers are transmitted from the same Node-B.
· Agree on single band operation is also included.
· Each carrier has its own HS-SCCH.
· HS-DPCCH is always sent on the primary uplink carrier.
2.2

RAN WG1 Working Assumptions on 4C-HSDPA

The following is a list of working assumptions taken by RAN1:
· HS-SCCH orders are used for activating and deactivating secondary downlink carriers.

· WID should encourage reuse of existing functionality (non-re-use should be justified by clear benefits)
2
Design assumptions
4C-HSDPA is a natural extension to DC-HSDPA, DC-HSUPA and DB-DC-HSDPA. As in previous releases, the only physical channel that needs to be updated is the HS-DPCCH.

In [2], the following relevant RAN1 proposals are made. In this contribution, we will assume that they are all adopted:

· RAN1 Proposal 1: The 3rd and 4th downlink HS-DSCH cells are defined as downlink secondary serving HS-DSCH cells

· RAN1 Proposal 2: As in Release 8 DC-HSDPA, for the case when UE is configured with 3 or 4 downlink serving HS-DSCH cells and 1 uplink frequency, DPDCH may be configured on the serving HS-DSCH cell. This implies that F-DPCH or DPCH as associated channel shall be supported on the serving HS-DSCH cell.

· RAN1 Proposal 3: For each activated uplink frequency, for the case when UE is configured with 3 or 4 downlink serving HS-DSCH cells, F-DPCH should be transmitted on the paired serving HS-DSCH cell

· RAN1 Proposal 4: For each activated uplink frequency, for the case when UE is configured with 3 or 4 downlink serving HS-DSCH cells, E-DCH control channels (E-RGCH, E-AGCH, E-HICH)  should be transmitted on the paired serving HS-DSCH cell

· RAN1 Proposal 5: For each of the configured secondary serving HS-DSCH cells, the nominal radio frame timing for CPICH and timing reference are the same as the radio frame timing for CPICH and timing reference for the serving HS-DSCH cell.
· RAN1 Proposal 6: For 4C-HSDPA, there is no change needed to Cell Search and Common Physical Synchronization procedures.

· RAN1 Proposal 7: No new radio link establishment, physical channel reconfiguration and radio link monitoring procedures are needed for secondary HS-DSCH cells that do not have any associated F-DPCH.

· RAN1 Proposal 8: When the UE is configured with multiple secondary serving HS-DSCH cells, it shall not assume the presence of any common physical channel from each of the secondary serving HS-DSCH cells other than CPICH and SCH. 

· RAN1 Proposal 9: While maintaining the limit of 4 HS-SCCH per carrier, the UE monitor a maximum of 9 or 12 HS-SCCH across 3 or 4 carriers respectively, plus one HS-SCCH on the anchor carrier for enhanced serving cell change.
· RAN1 Proposal 10: For 4C-HSDPA, when all the carriers are configured in a single band, the CPC rules as listed in Section 3.2.4.1 of [2] apply, namely:

· the DRX status and activation and deactivation of the DRX with HS-SCCH is common to both serving and secondary serving HS-DSCH cells, and the related HS-SCCH signaling can be sent on either serving or secondary serving HS-DSCH cell

· the DTX status is common for all Activated Uplink Frequencies, this means that DTX is activated or deactivated in all Activated Uplink Frequencies

· at the UE, the DTX operation is independent for each Activated Uplink Frequency, whereas the DRX operation is common on both serving and secondary serving HS-DSCH cells

· HS-SCCH-less operation is restricted to the serving HS-DSCH cell
· Working Assumption 4: As a baseline, we use the following table for the UE category definition 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


3
RAN2 potential impact
3.1
MAC changes

As with the addition of a secondary carrier, we will continue to assume that there is one MAC-ehs entity, and multiple HARQ entities, one per carrier. The resulting design for the UE side MAC will be:
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Figure 3.1: UE side MAC architecture/MAC-ehs details for 4C
The TSN space has already been expanded well beyond what is needed for 4C-HSPA.

The number of reordering SDUs that can be transmitted in a TTI underwent much discussion for Release 8. We might have to re-discuss it for Rel-10 although the best approach would be to have Node B to RNC communication that helps the RNC adapt the RLC packet size.
3.2
Mobility
Since no mobility related changes were made with the introduction of DB-HSDPA, a straightforward thing to do is to adopt prior agreements on DC-HSDPA and DB-HSDPA. Mobility can be based on the anchor carrier, which is never turned off.
3.2.1
Capability to search on the secondary carriers

As introduced in the prior releases, we can expand the capability of searching on secondary carriers. This discussion requires RAN4 input.
3.3
L3 Parameterization
The parameters needed for an additional downlink have been identified in Rel-8 and are grouped in the IE Downlink secondary cell info FDD. 
We will need to support a new HS-DPCCH design, and expand the number of times the Downlink secondary cell info FDD can be included in each of the configuration messages.
With the increased number of carriers, we need to define how the orders discussed in [3] will map to the configured carriers.
3.3.1
Uplink load balancing by pre-configuration of uplink carrier
If the discussion in [3] results in the need for a pre-configuration of uplink carriers in order to achieve load balancing, then the following will be needed:
· RRC signalling to pre-configure three UL adjacent carriers

· Mobility procedures to support active set maintenance in the three carriers

3.3.2
Synchronization and RLF
The same principles used in Release 8 and Release 9 can be used to synchronize the secondary carriers:

· Physical channel establishment for the carriers associated with an uplink, follow the rules applied for DC-HSUPA

· Physical channel establishment for the carriers not associated with an uplink, do not need to perform such a procedure.

· RLF is based on the anchor.
5
Summary
It is proposed to evaluate the above approach to 4C-HSDPA and adopt a way forward on each topics:

· Proposal 1: Evaluate RAN1 proposals and working assumptions in Section 2, and provide any RAN2 input.
· Proposal 2: MAC design: Agree on a single MAC-ehs entity with up to 4 HARQ entities.
· Proposal 3: Send an LS to RAN3 to request adding Node B to RNC communication to help with the RNC selection of the RLC PDU sizes.

· Proposal 4: Mobility: The discussion is deferred to later meetings.

· Proposal 5: L3 parameterization: The discussion is deferred to later meetings.
· Proposal 6: Synchronization and RLF:
· For physical channel establishment for the carriers associated with an uplink, follow the rules applied for DC-HSUPA

· For physical channel establishment for the carriers not associated with an uplink, do not need to perform such a procedure.

· RLF is based on the anchor carrier.
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