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1
Introduction
RAN1 has discussed scheduling considerations of DC-HSDPA as captured [1]. In this contribution, we consider all combination patterns of MAC functions when DC-HSDPA is applied.
2
Discussion
According to current MAC specification, One MAC-ehs entity is set per a cell. In addition, one Scheduler, one Priority Queue and one HARQ entity are existed per a MAC-ehs entity. RAN1/2 did not conclude whether these functions should operate in “Joint” or “Disjoint” manner when DC-HSDPA is applied. There are 8 alternatives of combination pattern are existed as showed in Table1,
Table1: Alternatives of combination pattern
	Alternative
	Scheduler
	Priority Queue
	HARQ entity

	1
	Disjoint
	Disjoint
	Disjoint

	2
	Joint
	Disjoint
	Disjoint

	3
	Disjoint
	Joint
	Disjoint

	4
	Joint
	Joint
	Disjoint

	5
	Disjoint
	Disjoint
	Joint

	6
	Joint
	Disjoint
	Joint

	7
	Disjoint
	Joint
	Joint

	8
	Joint
	Joint
	Joint


Considering 1: HARQ entity
In disjoint case [Alt1,2,3,4], one HARQ entity is set for each carrier. Therefore HARQ entity would not be needed to change anything from current specification. But this also means that there is a constraint for NodeB scheduler not able to change the carrier frequency during retransmission process.
In joint case [Alt5,6,7,8], one HARQ entity supports multiple carrier transmission. Then, NodeB could change HARQ process which is allocated for another carrier during retransmission process. On the other hand, Number of HARQ process should be increased because traffic volume of DL data flow from multiple cells would be increased. This means that HARQ process information (3bit) of HS-SCCH should be changed to 4bit or more and the configuration of HS-SCCH has to be modified. This issue would be big impact if we wish to keep the format of existing HS-SCCH.
Based on these considerations, we propose HARQ entity should perform as “Disjoint” from simple implementation point of view.

Considering 2: Scheduler
In disjoint case [Alt1,3,5,7], one scheduler is set for each carrier. This means that two independent schedulers exist in DC-HSDPA. If NodeB could handle data flow flexibly, both schedulers have to negotiate for scheduling issues (HARQ process, queuing, etc) on every TTI. Scheduling algorithm would become much complex than the single cell scheduler and existing single cell scheduler cannot be reused as it is.

In joint case [Alt2,4,6,8], one scheduler receives and handles multiple DL data flows from multiple cells. The scheduler determines HARQ process, queuing. Therefore, scheduling algorithm would be simpler than the disjoint case and there would be some implementation opportunities in improving system capacity compared to the disjoint case as well.
Based on above consideration, we propose Scheduler should perform as “Joint” from simple implementation and minimum impacts point of view.

Considering 3: Priority Queue
In case of Priority Queue, optimized configuration depends on combination of HARQ entity configuration. Therefore, we consider each case for optimized configurations.
· Disjoint Priority Queue – Disjoint HARQ entity [Alt1,2]
When one Priority Queue is mapped on one HARQ entity (one to one mapping), Priority Queue would not be modified from current specification. But assigned carrier could not be changed after inputting to a queue.
When one Priority Queue is mapped on both HARQ entities (one to multi mapping), both Priority Queues have to negotiate as same as disjoint scheduler case.

· Disjoint Priority Queue – Joint HARQ entity [Alt5,6]
In this case, both Priority Queues are mapped on same HARQ entity. Both Priority Queues have to negotiate for HARQ process as same as disjoint scheduler case.
· Joint Priority Queue – Disjoint HARQ entity [Alt3,4]
In this case, all data flow is stored in one Priority Queue and the Priority Queue handles data flow by which carrier is sent. Data flow which is stored in queue could select transmitted carrier efficiently based on radio condition or other conditions.
Number of queues should be considered because traffic volume of DL data flow would be also increase from multiple cells as same as joint HARQ entity case.
· Joint Priority Queue – Joint HARQ entity [Alt7,8]
A behavior of this case would be same as current scheme. But number of Priority Queue and HARQ process should be considered as mentioned before.
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According to the considering of Priority Queue and HARQ entity, both Disjoint and Joint would be used. However, we propose Priority Queue should perform as “Joint” since efficient data transmission. 

Summarised of the considering is showed in table2.

	Alternative
	Scheduler
	Priority Queue
	HARQ entity
	

	1
	Disjoint
	Disjoint
	Disjoint
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	2
	Joint
	Disjoint
	Disjoint
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	3
	Disjoint
	Joint
	Disjoint
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	4
	Joint
	Joint
	Disjoint
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	5
	Disjoint
	Disjoint
	Joint
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	6
	Joint
	Disjoint
	Joint
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	7
	Disjoint
	Joint
	Joint
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	8
	Joint
	Joint
	Joint
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Table2: Estimation for all alternatives
We consider following two alternatives would be candidate for MAC configuration in DC-HSDPA.

- Joint Scheduler, Joint Priority Queue and Disjoint HARQ entity

   - Joint Scheduler and Disjoint Priority Queue, Disjoint HARQ entity (one Priority Queue is mapped on one HARQ entity)
In addition, we prefer “Joint Scheduler, Joint Priority Queue and Disjoint HARQ entity” case from simple implementation and flexible data flow handling point of view.
4
Conclusions

In this contribution, we have considered for all alternatives of combination patterns. From our considering, we propose following condition as working assumption of DC-HSDPA.
Proposal1: 
Joint scheduler, joint priority queue and disjoint HARQ is used for DC-HSDPA

The detail of MAC-ehs functions (e.g. number of queues) are FFS. 
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Appendix: Illustrations of alternatives for DC-HSDPA






  








































Alt.8: Joint Scheduler/Priority Queue/HARQ





Alt.1: Disjoint Scheduler/Priority Queue/HARQ





Alt.2: Joint Scheduler 					Disjoint Priority Queue/HARQ





Alt.3: Disjoint Scheduler/HARQ			 Joint Priority Queue





Alt.7: Disjoint Scheduler 					 Joint Priority Queue/HARQ





Alt.6: Joint Scheduler/HARQ			 Disjoint Priority Queue





Alt.4: Joint Scheduler/Priority Queue		 Disjoint HARQ





Alt.5: Disjoint Scheduler/Priority Queue	 Joint HARQ
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