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1 Introduction
RAN#39 has started a study item on DC-HSDPA operation ‎[1]. In this contribution we provide input for discussion on a framework for the evaluation of DC-HSDPA operation. The discussion part of this contribution follows the structure used in the SI TR ‎[2].
2 Considerations related to Dual-Cell HS-DSCH operation 

2.1 Co-existence with legacy UEs

In a network that supports DC-HSDPA operation, there may be a mix of UEs configured for DC-HSDPA operation and UEs not configured for DC-HSDPA operation. Any changes to the standard should be backwards compatible in the sense that legacy UEs are able to operate as normal in a DC-HSDPA network, which also includes the case of multi-antenna transmissions to UEs not configured for DC-HSDPA.

It may be helpful to refer to one of the carriers assigned to a UE as the anchor carrier (or primary carrier) for that UE. A legacy UE would only be assigned to one carrier which would of course then be its anchor carrier, while a UE configured for DC-HSDPA operation would be assigned to one supplementory carrier beside its anchor carrier.

2.2 Carrier allocation

A UE in DC-HSDPA operation is able to simultaneously receive HSDPA traffic over two downlink carrier frequencies transmitted from a single serving sector and to transmit on one uplink carrier frequency.

It is assumed that DC-HSDPA operation considered in this study will be limited to the case of adjacent downlink carriers. Using this approach makes it possible to build power efficient UE receivers, reusing the same antennas and RF circuitry for both carriers. Reception of non-adjacent carriers could be considered in a potential future study item where also dual-band operation could be considered.
From a system capacity point of view, in order not to prevent load balancing between the two uplink carriers, it is important that the uplink carrier for a DC-HSDPA UE is not strictly tied by the standard to one of the two downlink carriers, i.e. it should be possible to distribute the users in the uplink on both carriers at least at the initial radio bearer setup, possibly also using the inter-frequency handover procedure.

2.3 Physical channel considerations

2.3.1 Allocation of common channels

The anchor carrier is seen from UEs not operating in DC-HSDPA as a legacy HSDPA carrier, and so carries the same physical channels as a legacy HSDPA carrier, while the supplementory carrier could possibly only carry a reduced set of physical channels in order to reduce the control signaling overhead and to make the supplementory carrier as clean as possible for maximum HS-PDSCH capacity.

The only channels required to be transmitted on the supplementory carrier in order for a UE to be able to receive HSDPA traffic on it would be CPICH, HS-SCCH and HS-PDSCH. The anchor carrier on the other hand would also have to carry all other physical channels and signals including e.g. SCH, F-DPCH and EUL related control signaling.
It is assumed that the two carriers are time aligned in the sense that they share the same Tcell and τDPCH values.
2.3.2 Control channel structures

2.3.2.1 Uplink

The feedback information from the UE (ACK/NACK and CQI) can be sent using two parallel HS-DPCCH channels, each one corresponding to one of the downlink carriers.
2.3.2.2 Downlink

The signaling of the modulation and coding scheme can be done using the Type-1 HS-SCCH format available in Release 7 using one HS-SCCH on each carrier. In order to not restrict the scheduler unnecessarily, the UE should preferably monitor up to 4 HS-SCCH codes on each carrier, as in the single carrier case.
It may be beneficial (e.g. with respect to battery consumption and uplink control signaling overhead) to be able to switch on or off the DC-HSDPA operation depending on whether single- or dual-cell operation is judged by the HSDPA scheduler to be most appropriate at a certain point for a certain user, using e.g. HS-SCCH orders.
2.4 Impact on system operation and procedures

2.4.1 L1/L2/L3 procedures

Uplink power control operates in such a way that the UE uplink transmit power is controlled by the network through an F-DPCH transmitted on the anchor carrier. Similarly, downlink power control operates such that the power of the F-DPCH on the anchor carrier is controlled by the UE sending TPC commands on the UL DPCCH.
Regarding the CPC features, HS-SCCH-less operation could be restricted to the anchor carrier, while UE DTX/DRX should be carried out taking both carriers into account (details are FFS).
2.4.2 UE Capabilities

Support for DC-HSDPA operation would be a UE capability.
2.5 Scheduling considerations

For a first HARQ transmission, a joint scheduling decision between the two downlink carriers can be made, while HARQ retransmissions are assumed to go on the same carrier as the first transmission.
3 Impacts

3.1 Impact on implementation and complexity

3.1.1 UTRAN

From the UTRAN perspective, there is no fundamental difference in complexity for operating DC-HSDPA with UEs receiving data over two carriers compared to operating two carriers with no UEs receiving data over two carriers. Clearly, there is some impact on the scheduler implementation, which allows the scheduler to schedule data transmissions to a user considering the code resources from two carriers.
3.1.2 UE
FFS.
3.2 Impact on specifications
The data flow is split on MAC level, following as far as possible the same structure as used for MIMO with separate encoding and HARQ flows per carrier. This ensures high backwards compatibility and minimal reordering delays, which is vital for TCP performance.

DC-HSDPA operation can be introduced without any major modifications to the physical channels. The coding and modulation of the data could be done per carrier as today. The signaling of the modulation and coding scheme can be done using the Type-1 HS-SCCH format available in Release 7 using one HS-SCCH on each carrier.

The feedback information from the UE (ACK/NACK and CQI) can be sent using two parallel HS-DPCCH channels, without any changes to the coding. These two HS-DPCCH channels should be time aligned and I/Q multiplexed on the same channelization code in order to minimize NodeB processing. In case a DPDCH is configured, a different channelization code than today needs to be allocated to the HS-DPCCHs.
In order not to degrade uplink coverage when it is not necessary or desired to transmit the second HS-DPCCH, some means for switching off the second HS-DPCCH may be beneficial, e.g. HS-SCCH orders transmitted from the serving cell for deactivation and reactivation of the DC-HSDPA operation in the UE. One might even let the UE switch off or scale down the power of the second HS-DPCCH in case of power limitation, but this possibility should only be considered if the supplementory carrier can be assumed to not carry high priority traffic such as SRB signaling.
4 Conclusions

We propose have a discussion on the above considerations for a framework for evaluation of DC-HSDPA, and if agreed to capture these in the SI TR ‎[2].
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