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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. 
This contribution provides further analysis on the gains of cross carrier scheduling for F-UMTS carrier aggregation.
2. Discussion
Cross carrier scheduling is considered to reduce the overhead and improve data transmission efficiency in the secondary cell, 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

Figure 2 illustrates HS-PDSCH available power increase by the introduction of cross carrier scheduling in case 3 HS-SCCHs are removed from the scalable cell, assuming the power of all common channels except CPICH are scaled in the secondary cell. When HS-PDSCH CDM scheduling is applied in the secondary cell, the number of HS-SCCH will be increased and result in further reduction of available HS-PDSCH power in the secondary cell. 
· HS-SCCH power ratio: 6.3%×N×Mhs-scch, where Mhs-scch is the number of HS-SCCH; it will be about 76% when N=4 and Mhs-scch = 3
Note that small power availability for HS-PDSCH in the scalable UMTS cell would reduce the frequency scheduling gain which is the main contributor to overall cell throughput, especially for N=4 (1.25MHz scalable UMTS cell). 
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Figure 2: Illustration of available HS-PDSCH power increase by cross carrier scheduling
Cross carrier scheduling enables the NodeB to apply joint coding of the control information for the two cells, i.e. a single HS-SCCH to control at most two TBs in the two cells, which is discussed in [4]. It will help NodeB to reduce the total power for signalling control information, and may further contribute to the throughput gain. In the Annex, the requirements of both type 1 and type 3 HS-SCCH detection are referred from TS25.101 to show the power reduction by joint coding. Under the condition of PA3 channel, STTD and receiver diversity, the requirement difference for type 1 and type 3 with dual transport block is up to 0.5dB. For non-cross carrier scheduling, the NodeB need two type1 HS-SCCHs, meanwhile it only needs one type3 HS-SCCH for cross carrier scheduling. Consequently the cross carrier scheduling with joint coding is good for power saving of control overhead and may benefit the throughput.
Another benefit of cross carrier scheduling is that it optimizes the sharing of OVSF code resource for HS-SCCH and possesses the potential for reducing the total number of HS-SCCH monitored by UE. Even if non-joint-coding is applied, i.e. one HS-SCCH for per carrier, the total number of HS-SCCH monitored by UE can also be reduced, as already discussed in [3].
Cross carrier scheduling improves the DRX efficiency on the secondary cell, as in case no HS-SCCH intended for the secondary cell is detected the UE is able to not receive anything on the secondary carrier. It may reduce the UE complexity, especially in the case that the two carriers are in dual bands. 
The benefits of cross-carrier scheduling for filtered scalable UMTS carrier aggregation can be summarized as:
· Reduce the overhead and improve data transmission efficiency in the secondary cell.
· Reduce the total power consumption used for HS-SCCH.
· Optimized sharing of OVSF code resource for HS-SCCH and potential for reducing the total number of HS-SCCH monitored by UE.
· Enable UE DRX on the secondary cell when no HS-SCCH intended for the secondary cell is detected in the primary cell.
3. Conclusion
In this contribution, we provide further analysis on the gains of cross carrier scheduling for F-UMTS carrier aggregation. The benefits of cross carrier scheduling include reduced control channel overhead on the secondary carrier, reduced total power consumption used for HS-SCCH, optimized sharing of OVSF codes and high efficiency of UE DRX on the secondary cell. Therefore it is proposed:
Proposal:
HS-SCCH intended for the secondary cell shall be transmitted on the primary in case of scalable UMTS carrier aggregation.
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5. Annex
The following sections are referred from TS25.101 V11.4.0, which depict the requirements of HS-SCCH detection. 
---------------------------------------------------TS25.101 V11.4.0 --------------------------------------------------------------------
9.4.2
HS-SCCH Type 1 Open Loop Diversity Performance

For the test parameters specified in Table 9.52, for each value of HS-SCCH-1 Ec/Ior specified in Table 9.53 and Table 9.54 the measured P(Em) shall be less than or equal to the corresponding specified value of P(Em). Enhanced performance requirements type 1 specified in Table 9.54 are based on receiver diversity.

… omitted …

Table 9.54: Enhanced requirement type 1 for HS-SCCH detection – open loop diversity

	Test Number
	Propagation Conditions
	Reference value

	
	
	HS-SCCH-1
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	1
	PA3
	-15.2
	0
	0.01

	2
	VA30
	-16.4
	0
	0.01


9.4.3
HS-SCCH Type 3 Performance

For the test parameters specified in Table 9.55 with the downlink physical channel setup in Table C.12, for each value of HS-SCCH-1 Ec/Ior specified in Table 9.56 and Table 9.57 the measured P(Em) shall be less than or equal to the corresponding specified value of P(Em). The requirements in Table 9.56 and Table 9.57 assume STTD is enabled on HS-SCCH and DPCH. The requirements in Table 9.56 assume HS-SCCH Type 3 coding associated with single stream transmission on HS-DSCH. The requirements in Table 9.57 assume HS-SCCH Type 3 coding associated with dual stream transmission on HS-DSCH. 

For the test parameters specified in Table 9.55 with the downlink physical channel setup in Table C.12E, for each value of HS-SCCH-1 Ec/Ior specified in Table 9.57a, Table 9.57b, Table 9.57c and Table 9.57d,  the measured P(Em) shall be less than or equal to the corresponding specified value of P(Em). The requirements in Table 9.57a and Table 9.57b assume STTD is disabled on HS-SCCH and DPCH. The requirements in Table 9.57c and Table 9.57d assume STTD is enabled on HS-SCCH and DPCH. The requirements in Table 9.57a and Table 9.57c assume HS-SCCH Type 3 coding associated with single stream transmission on HS-DSCH. The requirements in Table 9.57b and Table 9.57d assume HS-SCCH Type 3 coding associated with dual stream transmission on HS-DSCH.

Minimum performance requirements specified in Table 9.56, 9.57, 9.57a, 9.57b, 9.57c and 9.57d are based on receiver diversity.

… omitted …

Table 9.57: Minimum requirement for HS-SCCH Type 3 detection, dual transport block case with downlink physical channel setup in Table C.12

	Test Number
	Propagation Conditions
	Reference value

	
	
	HS-SCCH-1
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	3
	PA3
	-14.7
	0
	0.01

	4
	VA3
	-16.0
	0
	0.01
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f1: HS-SCCH (Control info.  )


f2: HS-PDSCH (Data info.)



