[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #82                                                                            R1- 154207
Beijing, China, 24th - 28th August 2015

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agenda Item:	7.2.4.3
Source:	              NEC
Title:	              Discussion on downlink scheduling for LAA
Document for:	Discussion/Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#80bis meeting, downlink and uplink scheduling for unlicensed carrier are discussed, and the observations and agreements are as following [1]:
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 mainly discuss the downlink scheduling of unlicensed carrier.
Discussion
Scheduling mode transition
The control information is always decoded before the corresponding data information for legacy LTE operation. For proper scheduling, the control information needs to be decided before the start boundary of the control region. For PDCCH transmission, the start boundary is also the subframe start boundary. For ePDCCH transmission, the start boundary may be one of the first several symbols as configured by high layer signaling.
According to the CCA operation of LBE on the unlicensed carrier, the channel may become available at any time within a subframe. When the channel available time is after the start boundary of the control region, it is not possible to transmit the cross carrier scheduling information in this subframe as shown in Fig 1.


Fig 1 Channel available time after control region start boundary
As the channel available time varies, suitable scheduling mode should be selected considering the control information reliability and the time frequency resource usage efficiency. When the channel available time is before the start boundary of the control region, legacy cross carrier scheduling can be used. In this case, reservation signals may be transmitted on the unlicensed carrier to occupy the channel when control information is transmitted on licensed carrier. When the channel available time is after the end boundary of the legacy control region, fallback to unlicensed carrier self scheduling can be adopted. As to the case when the channel available time is after the start boundary and before the end boundary of the control region, enhancements with reserved control channel resource can be applied. With reserved control channel resource, cross carrier scheduling can still be adopted under this circumstance. Meanwhile, the fractional time frequency resource on unlicensed carrier can be used to improve the system throughput.
Proposal 1: Consider scheduling mode transition between cross carrier scheduling and self scheduling according the channel available time.
With restriction on the scheduling mode according to the channel available time, UE monitoring behavior can be simplified and UE battery consumption can be reduced. The UE will firstly monitor control region on the licensed carrier for possible unlicensed carrier scheduling, and only if there is no matched control information from the licensed cell, the UE will monitor the possible control regions on the unlicensed carrier.
Control channel resource reservation
For legacy PDCCH transmission, PCFICH indicates the symbols occupied by PDCCH, and the PDCCH mapping is to time domain firstly and then frequency domain. The PDSCH starting symbol can be obtained from PCFICH or by high layer signaling, which depends on the transmission mode and the RNTI type [2]. 
Control channel resource reservation for PDCCH can be carried out by combination of PCFICH and high layer signaling. For the new R13 UE, PCFICH indicates the PDCCH region, and high layer signaling indicates the PDSCH start symbol. These two indicated symbols can leave at least one symbol between the PDCCH end boundary and the PDSCH start boundary, which can be used as the reserved control channel resource. The frequency resources of the reserved control channel resource can be configured to be a subset of the total system bandwidth. With this configuration, it is more flexible to adapt to the cross carrier scheduling control information load and is able to bring little impact to legacy UEs. For legacy UEs with specific transmission mode and specific RNTI value, the PDSCH starting symbol is deduced from the PCFICH indication. The remaining symbols after the control information are all used for PDSCH transmission. For such UEs, frequency domain scheduling restriction can be used to avoid the reserved control channel resource.
The start boundary of ePDCCH is configured by high layer signaling and the end boundary of ePDCCH is the subframe end boundary. The ePDCCH mapping is in a distributed way, such that a CCE spans all the time domain symbols. Consequently, it is hard to divide the ePDCCH resources by time domain to the legacy ePDCCH region and the reserved ePDCCH region. The easiest way to make usage of ePDCCH is to keep the current mapping mechanisms, and if the channel available time is before the start boundary of ePDCCH as configured by high layer signaling, cross carrier scheduling from licensed carrier to unlicensed carrier can be adopted, otherwise, fall back to self scheduling on the unlicensed carrier. This scheme can get comparable performance with the enhanced PDCCH scheme with reserved control channel resource.
Proposal 2: Consider reserve part of PDCCH time frequency resources for cross carrier scheduling from licensed carrier to unlicensed carrier.
Conclusions
In this contribution, we analyzed the scheduling mode according to the channel available time on the unlicensed carrier, and our proposals are as following:
Proposal 1: Consider scheduling mode transition between cross carrier scheduling and self scheduling according the channel available time.
Proposal 2: Consider reserve part of PDCCH time frequency resources for cross carrier scheduling from licensed carrier to unlicensed carrier.
References
[bookmark: _Ref418776036][bookmark: _Ref415649649][bookmark: _Ref408844767][bookmark: _Ref402447549]RAN1#80bis Chairman notes
[bookmark: _Ref418838979]TS 36.213 version c.5.0, “Physical layer procedures”
image1.emf
PDCCH PDSCH/ePDCCH

Pcell

Scell

Subframe

Subframe

CC

A

Channel 

available time

Control region 

end boundary


oleObject1.bin
PDCCH


PDSCH/ePDCCH


Pcell


Scell


Subframe


Subframe


CCA


Channel available time



Control region end boundary



