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1. Introduction
A study item [1] was agreed in TSG RAN #39 with the following objectives:

· Evaluate the feasibility and benefits of dual cell HSDPA operation

· Identify the enhancement to user throughput throughout the cell and in particular in the outer area of the cell coverage, considering:

· Identify the UE, UTRAN and system impacts of introducing downlink dual-cell operation to the existing UTRA system. 

This contribution tackles the first and third points by looking at detailed design considerations. Please refer to [2] for the basic assumptions.
2. DC-HSDPA Design
2.1. Physical Channels

2.1.1.  Uplink physical channels

2.1.1.1. Dedicated uplink physical channels

2.1.1.1.1. DPCCH and DPDCH

No changes.
2.1.1.1.2. HS-DPCCH

A few design options exist to modify HS-DPCCH for the purpose of carrying ACK/NACK and CQI for both carriers.
2.1.1.1.2.1. Use another channelization code on I branch
In this solution [3], we can transmit a second HS-DPCCH channel similar to the existing one on the I branch. We assume that a maximum of 1 dedicated channel is supported on the uplink. 

For the case N_max_dpdch = 0:

· HS-DPCCH (Cell 1) is sent on Cch,256,33 on the Q branch

· HS-DPCCH (Cell 2) is sent on Cch,256,33 on the I branch
For the case N_max_dpdch = 1:

· HS-DPCCH (Cell 1) is sent on Cch,256,64 on the Q branch

· HS-DPCCH (Cell 2) is sent on Cch,256,33 on the I branch

The same βhs setting is applied to each of the I and Q branches. In [3], this scheme was found to demonstrate negligible impact to cubic metric for both N_max_dpdch = 0 and 1. In [4], and [5], for this scheme, we observe no loss in link performance for each individual HS-DPCCH.
Proposal 0: We propose this I/Q scheme using Cch,256,33,I for the 2nd HS-DPCCH to be the baseline HS-DPCCH design for DC-HSDPA, and a maximum of 1 dedicated channel be supported on the uplink.
2.1.1.1.3. E-DPCCH and E-DPDCH

No changes.
2.1.1.2. Common uplink physical channels

2.1.1.2.1. Physical Random Access Channel (PRACH)

No changes.
2.1.2. Downlink physical channels

2.1.2.1. Downlink transmit diversity

Not supported by the current SI.

2.1.2.1.1. Open loop transmit diversity

Not supported by the current SI.

2.1.2.1.2. Closed loop transmit diversity
Not supported by the current SI.

2.1.2.2. Dedicated downlink physical channels

2.1.2.2.1. STTD for DPCH and F-DPCH

Not supported by the current SI.

2.1.2.2.2. Dedicated channel pilots with closed loop mode transmit diversity

Not supported by the current SI.

2.1.2.2.3. E-DCH Relative Grant Channel

No changes.
2.1.2.2.4. E-DCH Hybrid ARQ Indicator Channel


No changes.
2.1.2.2.5. Fractional Dedicated Physical Channel (F-DPCH)

No Changes.
2.1.2.3. Common downlink physical channels

2.1.2.3.1. Common Pilot Channel (CPICH)

No Changes.
2.1.2.3.2. Primary Common Control Physical Channel (P-CCPCH)

No Changes.
2.1.2.3.3. Supplementary Common Control Physical Channel (S-CCPCH)

No Changes.
2.1.2.3.4. Synchronisation Channel (SCH)

No Changes.
2.1.2.3.5. Acquisition Indicator Channel (AICH)

No Changes.
2.1.2.3.6. Paging Indicator Channel (PICH)

No Changes.
2.1.2.3.7. Shared Control Channel (HS-SCCH)

No Changes.
Qualcomm’s preference is not to modify the HS-SCCH channel. Both the anchor and supplementary carriers have disjoint HS-SCCH channels.
2.1.2.3.8. High Speed Physical Downlink Shared Channel (HS-PDSCH)

No Changes.
2.1.2.3.9. E–DCH Absolute Grant Channel (E-AGCH)
No Changes.
2.1.2.3.10. MBMS Indicator Channel (MICH)

No Changes.
2.2. MAC/RLC Design for CELL_DCH
2.2.1. Joint vs Disjoint Queues

The downlink queues at the Node B could be operated in a joint or disjoint manner for the two carriers. 
Proposal 1: RAN1 and RAN2 should evaluate the impact of joint and disjoint queues to the performance at the application layer (at the TCP layer at least).

2.2.2. Joint Scheduling vs Disjoint Scheduling

Whether the scheduling over the two DL carriers is joint or disjoint, does not impact the specifications. 
Proposal 2: RAN1 and RAN2 should evaluate the impact of joint and disjoint scheduling to the performance at the application layer (at the TCP layer at least).

2.2.3. Dynamic supplementary carrier enabling/disabling at the Node B

Especially from the UE battery point of view, it is beneficial for the Node B to be able to enable and disable the supplementary carrier based on the downlink traffic and channel conditions. For this purpose, HS-SCCH orders could be used to provide such a mechanism.
Proposal 3: RAN1 and RAN2 should evaluate the gains of dynamic supplementary carrier enabling and disabling.

2.3. RRC Design for CELL_DCH
2.3.1. Active set change, Serving cell change and Measurement reporting
Although the decision will still rely in the network, there are 4 possible ways the UE can assist the management of the active set and the serving cell:

2.3.1.1. The UE monitors and reports events based on the anchor carrier only

This is the simplest scheme as it takes the existing mechanism and ignores the supplementary carrier.

2.3.1.2. The UE monitors both carriers and reports when the events are triggered on the anchor carrier

This is an enhancement to the current scheme where the UE reports the measurement from both carriers when the triggers are triggered on the anchor carrier. Even though this is an enhancement, it still does not catch all the possible trigger points as the triggers are not based on the supplementary carrier. 

2.3.1.3. The UE monitors both carriers and reports when the events are triggered on either carrier

This mechanism allows the network to receive all the information. The problem is that it can go too far as it could be triggering double the numbers of events needlessly. The reported measurements could be for the anchor carrier only or for both carriers, whenever any of the events is triggered. 
2.3.1.4. The UE monitors both carriers and reports throttled events from both carriers
This proposal tries to get most of the gains without burdening the network with superfluous reports. The simplest way of achieving this is to throttle the events from both carriers, in order to avoid sending duplicate messages for similar triggers happening within a short time frame from each other. The event can still be triggered by one carrier changing conditions, however when the other carrier changes as well, it would probably change in a short amount of time that would be caught by the throttling mechanism.
Proposal 4: RAN1 and RAN2 should evaluate different event and measurement reporting schemes.
2.3.2. Active set definition

There are two possible ways to manage the active set and the serving cell:

1. The UE is either assigned one carrier from every sector in the active set, or it is assigned two carriers from every sector in the active set

2. The UE is assigned one or two carriers from every sector in the active set

Alternative 1 makes the standard changes simpler, but alternative two does not add significant implementation complexity. Additionally, alternative 2 allows for the deployment of hotspots.

Proposal 5: The DC-HSDPA feature shall support the deployment of hotspots. The UTRAN shall be able to assign HSDPA channels on one or both carriers from any sector in the active set. (For example, it shall be possible to assign an active set containing sectors A and B; where sector A operates with DC-HSDPA and sector B operates with a single carrier HSDPA)
3. Conclusion

It is proposed to agree on the following:

Proposal 0: We propose this I/Q scheme using Cch,256,33,I for the 2nd HS-DPCCH to be the baseline HS-DPCCH design for DC-HSDPA, and a maximum of 1 dedicated channel be supported on the uplink.
Proposal 1: RAN1 and RAN2 should evaluate the impact of joint and disjoint queues to the performance at the application layer (at the TCP layer at least).

Proposal 2: RAN1 and RAN2 should evaluate the impact of joint and disjoint scheduling to the performance at the application layer (at the TCP layer at least).

Proposal 3: RAN1 and RAN2 should evaluate the gains of dynamic supplementary carrier enabling and disabling.

Proposal 4: RAN1 and RAN2 should evaluate different event and measurement reporting schemes.
Proposal 5: The DC-HSDPA feature shall support the deployment of hotspots. The UTRAN shall be able to assign HSDPA channels on one or both carriers from any sector in the active set. (For example, it shall be possible to assign an active set containing sectors A and B; where sector A operates with DC-HSDPA and sector B operates with a single carrier HSDPA)
4. References

[1] RP-080148, “Feasibility Study on Dual-Cell HSDPA operation”

[2] R1-081437, “Dual Carrier HSDPA assumptions and standards impact”, Qualcomm Europe
[3] R1-081358, “HS-DPCCH Design for Dual Carrier HSDPA”, Qualcomm Europe

[4] R1-081359, “Link Analysis of HS-DPCCH ACK/NACK for Dual Carrier HSDPA”, Qualcomm Europe
[5] R1-081360, “Link Analysis of HS-DPCCH CQI for Dual Carrier HSDPA”, Qualcomm Europe
