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Introduction

A study item about dual cell HSDPA operation was agreed in RAN #39 with the following objectives taken from [1]:
· Evaluate the feasibility and benefits of dual cell HSDPA operation with the primary focus on the following scenario:

a. The dual cell operation only applies to downlink HS-DSCH

b. The two cells belong to the same Node-B and are on different carriers

c. The two cells operate with a single TX antenna

d. The two cells operate in the same frequency band

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

a. Any UE receiver impairments caused by the implementation of dual-cell operation. 

b. Node B scheduler architecture (per carrier or joint scheduler)

c. Joint Scheduler vs. per carrier scheduler coupled with load balancing

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

a. Impacts on implementation and complexity within the UTRA and UE

b. Impacts on the system such as: 

i. UL control channel coverage and capacity

ii. operation of legacy UEs. 
c. Impact to the core specifications, in particular:

i. Impact on UL and DL control channel structure

ii. Impact on L2/L3 protocols

iii. Impact on the UTRAN network interfaces

iv. Need & scope of additional UE performance requirements 

According to [1] the study item is focusing to the user experience rather than peak data rate improvements. Actually peak data rate is probably not improved at all since study item focuses to the case with single TX antenna only meaning that MIMO can not be utilized in each cell of dual cell HSDPA.

Timeline of the study item is as follows:

	Presented for information at plenary#
	Approved at plenary#

	RAN #41 (9/2008)
	RAN #42 (11/2008)
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Issues requiring addressing in dual cell HSDPA study item
Implications to UE implementation
It is clear that dual cell operation will increase UE complexity. Complexity increase is highly depending on the chosen baseline in dual cell case, i.e. whether receiver diversity is employed when dual cell is in use etc. Thus complexity should be studied and compared to receiver diversity and MIMO capable UEs with single cell operation. 
According to study item objectives the primary focus should be the case where cells are on the same frequency band but different carriers. It is not mentioned whether carriers are on adjacent frequencies or not. If adjacent frequencies are assumed that might enable possibility to usage of separate multicarrier receiver front end that might somewhat reduce complexity. Otherwise selection of frequency band has probably quite low effect to UE complexity increase provided that UE does not need to take any actions like special compensation due to different pathlosses or other differences between carriers (e.g. separate UE mobility support). Also carrier frequencies have to be selected so that sufficient duplex separation is maintained.
UE performance requirements
It is assumed that basis of dual cell UE performance requirements is that the current ones must be fulfilled. If some relaxation of the requirements is necessary for some cases e.g. adjacent carrier operation then those cases should be identified and effect to system performance studied. 
Initial capability considerations
Capability classes for dual cell operation could be like those for MIMO, i.e. categories 19 and 20. Maybe even lower capability categories e.g. 16QAM categories could be considered if seen beneficial. Furthermore it could be considered if the dual carrier capability would need to be band dependent.
Implications to physical layer specifications
If HS-SCCH is transmitted separately in each carrier then changes to HS-SCCH structure are not necessary. For HS-DPCCH it should be otherwise possible to re-use the MIMO solution except that the MIMO HS-DPCCH has less coding compared to non-MIMO one. This could be a problem especially if cell edge performance is the primary focus of the study. Other possibilities for UL control signalling should be studied also.
Implications to L2/L3 specifications
Higher layers for dual cell operation should be pretty similar to single cell MIMO assuming that simultaneous usage of MIMO and dual cell is not allowed and scheduler is common to both carriers. If separate scheduling for the two cells is to be supported then more significant user plane protocol layer impact could be expected.
System evaluation scenarios
It is seen to be beneficial that system evaluation scenarios are agreed for the feasibility study. Scenarios defined for MIMO in [2] could possibly be re-used. System performance should also be evaluated assuming different amount of load. Receiver configuration for the UE used as a baseline in simulations should also be agreed since it has great effect to complexity of dual cell UE. 
Radio resource management
It is mentioned in the objectives of the study item that both cells should belong to the same Node B. This is a necessity especially in case where scheduling is common to cells. System capacity reduction due to this should be studied and reasonable limitations to carrier frequencies should be decided. It is not clear whether limiting carrier frequecies to same band is enough to make similar mobility decisions optimal for both carriers or should e.g. adjacent carriers be used. If carrier frequencies are not belonging to the same band separate mobility functionality is probably needed for carriers. One question is whether mobility measurements should be based on only either of the carriers or combined from both.
Allocation of common and dedicated channels
It is not clear whether common channels other than the ones needed for HSDPA and dedicated channels are transmitted in both cells. If only one uplink frequency is assumed then it is not reasonable to send E-DCH related channels in both cells. Same applies to F-DPCH when power control commands are considered but it is not that evident whether synchronization status should be based on only one carrier or both. It is possible to define one of the carriers to be primary carrier with all the common channels available and then have another one as a secondary carrier without common channels. This would reduce overhead in secondary carrier and thus improve system capacity. On the other hand in this case single carrier UEs could not utilize secondary carrier at all.
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Conclusions

The following list of issues should be addressed in evaluating the feasibility and benefits for introducing a dual cell HSDPA. It is proposed that the TR be structured to allow for an evaluation of these aspects.

· Implications to UE implementation

· UE performance requirements
· Initial capability considerations

· Implications to physical layer specifications
· Implications to L2/L3 specifications
· System evaluation scenarios
· Radio resource management
· Allocation of common and dedicated channels
In addition to agreeing TR structure we propose that first system evaluation scenarios and related simulation assumptions are agreed for the feasibility study in order to ensure that the feasibility study focuses on the right cases and comparable results can be obtained.
Dual cell HSDPA study item has two primarily responsible working groups: RAN WG1 and WG4. Thus work split between these working groups should be discussed. It is suggested that both working groups can approve text proposals separately but TR drafts should be agreed in both working groups. Some coordination is needed so that contradictory text proposals are not agreed in different working groups. Maybe responsibility for TR text proposals could be split between WGs section by section.
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