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Discussion/Decision
1. Introduction
A new work item Scalable Bandwidth UMTS by Filtering was agreed in RAN#62 meeting [1]. Considerations on multi-carrier case as well as cross carrier scheduling were discussed in RAN1#76 meeting. Cross carrier scheduling is included in the TR 25.701 as one of possible options for multi-carrier scenario. 
In this contribution we provide the design of downlink control information for cross carrier scheduling for filtered-UMTS carrier aggregation scenarios, and propose to reuse HS-SCCH type 3 as joint scheduling of both the primary carrier and the secondary carrier.
2. Discussion
Cross carrier scheduling is considered to reduce overhead and improve data transmission efficiency in the secondary cell in [3], and the main concept is depicted as below.
· Cross carrier scheduling:
· Data is transmitted in the secondary cell (f2), 
· The control information for the data is always indicated in the primary cell (f1), and an indicator could be explicit or implicit included in the control information to notify the UE about which carrier this control information belongs to.
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Figure 1: Illustration of cross carrier scheduling

Assuming that non-MIMO mode is configured in any cell, it is possible to joint encode the two pieces of control information together in one HS-SCCH. The following Table 1 depicts the control information fields in Part 1 and Part 2 of type 3 HS-SCCH. Since there is no MIMO operation, the PCI fields can be released to signal other information, such as carrier identity indicator (Cid) which indicates the carrier which the corresponding transport block(s) are transmitted on. 
Table 1: Control information fields of type 3 HS-SCCH
	HS-SCCH Part 1
	HS-SCCH Part 2

	
	One transport block
	two transport blocks

	CCS (7bits), 

Modulation (3 bits), 

PCI（2 bits）
	TBS(6 bits)

HARQ process (4 bits)

RV(2 bits)
	TBS(6 bits×2)

HARQ process (4 bits)

RV(2 bits×2)


By reinterpreting the PCI to Cid, it is possible to reuse type 3 HS-SCCH design for F-UMTS carrier aggregation. The new type X HS-SCCH is summarized in Table 2.
Table 2: Control information fields of type X HS-SCCH
	HS-SCCH Part 1
	HS-SCCH Part 2

	
	One transport block
	two transport blocks

	CCS (7bits), 

Modulation (3 bits), 

Cid（2 bits）
	TBS(6 bits)

HARQ process (4 bits)

RV(2 bits)
	TBS(6 bits×2)

HARQ process (4 bits)

RV(2 bits×2)


Below is an example of Cid field information mapping.
Table 3: Mapping of Cid
	Cid (value)
	The carrier that the corresponding transport block(s) are transmitted on
	Other information

	0
	Primary carrier
	

	1
	Secondary carrier
	

	2
	Both primary and secondary carriers
	

	3
	Both primary and secondary carriers
	Exchange the modulation of the two transport blocks


When data is scheduled on only one of the carriers, the Cid is set to 0 or 1, which helps UE to identify which carrier the data is transmitted on. In this case, all the other control information in the HS-SCCH corresponds to one TB. 
When data is scheduled on both carriers, the Cid is set to 2 or 3, which helps UE to identify the data is transmitted on both carriers. In this case, the two TBs have independent modulation schemes, TBS and RV, and a common HARQ process, assuming the number of HARQ-process for both carriers are the same and the two TB share the same HARQ-process id.
In type X HS-SCCH, since the modulation field is inherited from type 3 HS-SCCH, the modulation order of primary TB is always higher or at least equal to that of secondary TB, so Cid=3 is used to signal the contrary case, i.e. the case when the modulation order of secondary TB is higher than the primary TB.
Since there is only one CCS field, which can only indicate one TB, we may have to make a trade-off between the flexibility of scheduling 2nd TB and the control information overhead. The CCS only indicates the primary TB in this case by assuming all available HS-PDSCH codes are occupied by the 2nd TB. The assumption that all HS-PDSCH codes are occupied by the 2nd TB when data is scheduled on both carriers is based on the considerations below:
·    There would be no need to CDM users on the secondary carrier. The number of available HS-PDSCH codes of the secondary carrier is much less, down to 3 especially in case of N=4 (BW=1.25MHz), it would be not necessary to apply code multiplexing on the secondary carrier in two TB scheduling case. Given each code contains 480 symbols per TTI, one code is able to provide no more than 0.48MHz (for QPSK) ~ 1.44MHz (for 64QAM) throughput for a UE. It is not worth to use dual carrier scheduling with only one code on the 2nd carrier, at the expense of control information overhead increase.
·    A UE with data transmission simultaneously on both carriers is expected to be able to make full use of the HS-PDSCH codes of the secondary carrier. Given the UE is scheduled with data transmission simultaneously on both carriers, the data rate is more likely to be quite large and beyond the level the secondary carrier can bear on, i.e. the UE is able to make full use of all the HS-PDSCH codes at that TTI. Otherwise, it is not necessary to schedule the data on both carriers and may better fall back to schedule data on one carrier.
·    The primary carrier is more likely to be HS-PDSCH code limited, resulting that there is a need to indicate the CCS information for the primary carrier, since the primary carrier serves as anchor cell with the support of R99 UEs, different kind of downlink control channels, CELL_FACH UEs and so on 
Since the same amount of bits will be transmitted over HS-SCCH type X as HS-SCCH type 3, the coding process of HS-SCCH type 3 can be reused. In addition, UE only has to monitor M HS-SCCH channels for cross carrier scheduling instead of 2M channels for non-cross carrier scheduling, resulting in reduced complexity.
3. Conclusion
This contribution provides the HS-SCCH design for cross carrier scheduling for F-UMTS carrier aggregation. HS-SCCH type 3 is reused as joint scheduling of both the primary carrier and the secondary carrier, with the advantages of reusing the legacy HS-SCCH coding process and reduced number of monitored HS-SCCHs. It is therefore proposed: 
Proposal: Reuse HS-SCCH type 3 for cross carrier scheduling for F-UMTS carrier aggregation.
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f1: HS-SCCH (Control info.  )


f2: HS-PDSCH (Data info.)



