3GPP TSG RAN WG1 Meeting #80bis
R1-151304
Belgrade, Serbia, April 20th – 24th, 2015
Agenda Item:
7.2.4.2
Source:
Huawei, HiSilicon
Title:
Discussions on DL/UL scheduling for LAA
Document for:
Discussion/Decision
1 Introduction

In the previous RAN1 LAA Ad-hoc meeting, the following agreements were reached.
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
This contribution will analyze DL and UL scheduling support in the LAA system.

2 Existing DL/UL scheduling mechanisms in CA

In the current specification, (E)PDCCH is used to inform the UE of the assignments for PDSCH and PUSCH transmission. The PDCCH transmission always starts at the beginning of one subframe and the number of OFDM symbols used for PDCCH is usually 1~3 which is indicated by PCFICH. The starting symbol for EPDCCH is either indicated by the PCFICH or configured with high layer parameters and interpreted combined with the DL bandwidth. The beginning of EPDCCH usually varies from the 1st to 4th  OFDM symbol in a subframe. 
In the CA mechanism, the PDSCH/PUSCH transmitted in the PCell is indicated by the (E)PDCCH on the PCell while the PDSCH/PUSCH transmission in a SCell can be either cross-carrier scheduled or self-carrier scheduled. The cell that carries the scheduling information for PDSCH and PUSCH transmission of a SCell is predefined by the high layer signaling.
3 Dicussion on DL/UL scheduling in LAA
3.1 DL scheduling in LAA
DL scheduling for the fractional subframe

It was agreed that subframe boundary is aligned between Pcell and SCells in the LAA system. For downlink transmission in the unlicensed spectrum in LAA, it was further agreed in LAA adhoc meeting that

· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
With the current resource mapping rule, the (E)PDCCH transmission starts at the first OFDM symbols in a subframe, it is possible that the (E)PDCCH transmission in the subframe is earlier than the beginning of PDSCH in the fractional subframe when the channel is detected as idle and starts to transmit PDSCH at some later OFDM symbols. Then it is impossible to indicate the PDSCH scheduling with an early (E)PDCCH in the fractional subframe for both self-carrier scheduling and cross-carrier scheduling. 
A possible solution for DL scheduling is mapping the (E)PDCCH after the channel is detected as available to indicate the scheduling information for PDSCH in the remaining OFDM symbols in this fractional subframe. As discussed in [1], the UE could decide the start of LAA downlink transmission on a LAA SCell with initial signal detection. The (E)PDCCH can be transmitted next to the initial signal, followed by the PDSCH transmission until the end of this fractional subframe. This is quite similar as the PDSCH transmission and the corresponding scheduling indication in DwPTS. Therefore, the principle of scheduling indication and corresponding PDSCH transmission for DwPTS can be reused. 
Observation 1: Self-carrier scheduling with (E)PDCCH at the beginning of the transmission burst can be used for PDSCH transmission in the fractional subframe .
Another possible solution for DL scheduling is that the UE could buffer the data received in the fractional subframe and get the PDSCH scheduling information from the (E)PDCCH in the next subframe. The (E)PDCCH can be transmitted through either cross-carrier scheduling or self-carrier scheduling since the next subframe in the unlicensed spectrum should still be available. According to the discussion in [1], the initial signal could provide the functionality of detection of the LAA downlink transmission. Then the UE can only try to detect this kind of (E)PDCCH scheduling after the initial signal is detected. With this solution, the UE buffer requirements should be increased and additional specification efforts are needed to support an (E)PDCCH cross-subframe scheduling the PDSCH transmission in an earlier subframe. 
Observation 2: Self-carrier or cross-carrier scheduling with (E)PDCCH in the subframe after the fractional subframe can be used for the PDSCH transmission in fractional subframe .
DL scheduling for normal subframe in LAA

For PDSCH scheduling in a normal subframe in LAA SCell, it is similar to a normal subframe in a licensed serving cell. Both cross-carrier and self-carrier scheduling with (E)PDCCH is possible for the PDSCH indication. 
Observation 3: Self-carrier or cross-carrier scheduling with (E)PDCCH in the normal subframe can be used for the PDSCH transmission in the normal subframe.
In summary, if scheduling an earlier subframe is supported, both self-carrier and cross-carrier scheduling with (E)PDCCH can be considered for DL transmission in LAA. Otherwise , it is preferred to operate self-carrier scheduling with (E)PDCCH for DL transmission in LAA since it is the only option for PDSCH indication in the fractional subframe., 
Proposal 1: If scheduling an earlier subframe is supported, both self-carrier and cross-carrier scheduling with (E)PDCCH can be considered for DL transmission in LAA. Otherwise, it is preferred to operate self-carrier scheduling with (E)PDCCH.
3.2 UL scheduling in LAA
According to the discussion on the support of UL transmission for LAA [2], the UL transmission in LAA is preferred to be based on eNB-controlled scheduling and starts at the subframe boundary. Therefore there is no PUSCH transmission in a fractional subframe as in DL transmission. 
In self scheduling case, the eNB and UE have to compete the channel in the unlicensed spectrum in order to get the opportunity for (E)PDCCH scheduling and UE UL transmission opportunity. At the same time, the channel occupancy for the eNB and for the UE should satisfy the predefined timing relationship between UL scheduling and the corresponding UL transmission. This is quite difficult for the channel occupancy is much opportunistic at both sides. Moreover, the eNB should try to occupy the channel even if there is no DL data transmission. For EPDCCH, if the eNB get the channel occupancy opportunity and only transmit EPDCCH for the UL scheduling may not satisfy the channel occupancy bandwidth requirements in the unlicensed spectrum. The requirement of “the Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth” in EU[3] may not be satisfied for the bandwidth of EPDCCH is only part of the total bandwidth. If there is DL data transmission requirement and the eNB get the channel occupancy opportunity to transmit the UL grant as well as the DL data, the eNB would has to stop DL transmission to make the scheduled UE get the channel at the UL transmission moment. Therefore, self-carrier scheduling for PUSCH had better be used when there are DL data transmission and the DL transmission is to be finished. 
On the other hand, cross-carrier scheduling in the licensed spectrum for PUSCH in the unlicensed spectrum has no such restriction. But when a lot of cells in the unlicensed spectrum are configured for UL transmission, the control channel overload in the licensed cell would be too heavy. For these cases, self-carrier scheduling can be used to relief the control channel load in the licensed cells.

In summary, it is proposed to use cross-carrier scheduling for PUSCH transmission in the unlicensed spectrum as baseline and self-carrier scheduling can be used to relief the control channel load in the licensed cells

Proposal 2: It is proposed to use cross-carrier scheduling for PUSCH transmission in the unlicensed spectrum as baseline and self-carrier scheduling can be used to relief the control channel load in the licensed cells.
4 Conclusion
In this contribution, the DL and UL scheduling support in the LAA system is discussed and the following proposals are provided:
Proposal 1: If scheduling an earlier subframe is supported, both self-carrier and cross-carrier scheduling with (E)PDCCH can be considered for DL transmission in LAA. Otherwise, it is preferred to operate self-carrier scheduling with (E)PDCCH.
Proposal 2: It is proposed to use cross-carrier scheduling for PUSCH transmission in the unlicensed spectrum as baseline and self-carrier scheduling can be used to relief the control channel load in the licensed cells.
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