
3GPP TSG RAN WG1 Meeting #85

R1- 164197
Nanjing, China 23rd - 27th May 2016

Source:
CATT
Title:
PUSCH scheduling for Rel-14 eLAA
Agenda Item:
6.2.1.1
Document for:
Discussion and Decision
1 Introduction
In RAN1#80bis meeting [1], downlink and uplink scheduling for unlicensed carrier were discussed, and the observations and agreements were as following:
Observations:
· Following possible scheduling combinations for a LAA CC are identified:
· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling
· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
· Continue study until RAN1 #81 meeting considering above combinations except for combination 3
· FFS: Combine multiple combinations
Agreement:
· Combination 3 in above observations is not a design target of LAA
In this contribution, we further discuss the combination of DL and UL scheduling for LAA Scell. 
2 Discussion
As discussed in [2], the scheduling method combination 1 (i.e. DL/UL: self-scheduling) and combination 2 (i.e. DL: self-scheduling; UL: cross-carrier scheduling) are the preferred design options for LAA DL/UL scheduling. Since otherwise, both eNB and UE shall perform LBT for a single PUSCH transmission, which significantly reduce the UL channel access capability for LAA compared to that for WIFI. However, the number of blind detections for scheduling combination 2 is increased compared to current carrier aggregation case. As shown in figure 1, PDCCH/EPDCCH blind detection candidates for LAA SCell is doubled, since UE should blind decode on two carriers for UL grant and DL grant for an unlicensed carrier, respectively. Therefore, the UE blind decoding complexity may be a concern and methods to reduce the number of blind decodes can be considered. 
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Figure 1: Illustration of UE specific search space for DL and UL scheduling combination 2
As shown in figure 2, as a method to reduce the blind decoding, the number of PDCCH/EPDCCH decodes for an unlicensed serving cell can be split into licensed and unlicensed carrier, and then the total number of PDCCH/EPDCCH candidates that UE should monitor for LAA SCell in carrier is reduced. 
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Figure 2: Illustration of UE specific search space after splitting
In Rel-13 eCA, a higher layer parameter pdcch-candidateReductions is introduced, which is a scaling factor to reduce the number of PDCCH candidates for a UE specific search space at aggregation level L for a serving cell. The parameter and functionality can be reused for LAA UEs directly to reduce the number of blind detections when DL an UL grant for an unlicensed Scell is from different carriers. That is, for a UE specific search space at aggregation level L for an LAA Scell, the number of PDCCH candidates on this LAA Scell is 
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 for DL grant monitoring and the number of PDCCH candidates on another licensed serving cell is 
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 for UL grant monitoring. In addition, a new scaling factor a=0.5 can be defined for LAA UEs to make the number of PDCCH candidates evenly distributed in PCell and LAA SCell. 
Alternatively, the number of PDCCH candidates monitored by a LAA UE can be defined and no high layer parameter is required. For example, when scheduling combination 2 is used, the required number of PDCCH UE-specific search space candidates should be monitored by a UE for LAA SCell is given in table 1.
Table 1: PDCCH candidates monitored by UE for an LAA SCell
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	Size [in CCEs]
	
	

	UE-specific
	1
	6
	3
	3

	
	2
	12
	3
	3

	
	4
	8
	1
	1

	
	8
	16
	1
	1


On the other hand, considering that LAA UEs should be able to blind decode PDCCH/EPDCCH in both the first slot and the second slot if initial partial subframe is supported by the UE, which means the increased blind decoding can already be supported by the initial partial subframe capable Rel-13 LAA UEs. Hence, the blind decoding should not be a problem for those UEs. 
Proposal 1: For an LAA Scell, the scheduling combination 2, i.e. self-carrier scheduling for DL and cross-carrier scheduling for UL should be supported. 
Proposal 2: For the PDCCH/EPDCCH blind decoding for an LAA Scell, splitting the number of PDCCH/EPDCCH decodes into a licensed carrier (UL grant) and the unlicensed carrier (for DL grant) is supported, by either reusing the Rel-13 eCA blind decoding reduction parameter, or hard-coded in the specification. 
3 Conclusion
In this contribution, we discuss the PUSCH scheduling for eLAA on Scell. The above discussion is summarized with following observations and proposals:
Proposal 1: For an LAA Scell, the scheduling combination 2, i.e. self-carrier scheduling for DL and cross-carrier scheduling for UL should be supported. 
Proposal 2: For the PDCCH/EPDCCH blind decoding for an LAA Scell, splitting the number of PDCCH/EPDCCH decodes into a licensed carrier (UL grant) and the unlicensed carrier (for DL grant) is supported, by either reusing the Rel-13 eCA blind decoding reduction parameter, or hard-coded in the specification.
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