3GPP TSG RAN WG1 Meeting #81
R1-152476
Fukuoka, Japan, May 25 – 29, 2015
Agenda Item:
6.2.4.3
Source:
Huawei, HiSilicon
Title:
Discussions on DL/UL scheduling for LAA
Document for:
Discussion/Decision
1 Introduction

In the previous RAN1 LAA meeting, the scheduling modes for LAA CCs are discussed and the possible combinations for a LAA CC DL/UL scheduling are identified as:
· 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

The combination 3 has been agreed not to be a design target of LAA. In this contribution, the DL and UL scheduling support and the combination1, 2 and 4 will be analyzed in the LAA system. The DL control channel, PDCCH and EPDCCH for LAA is analyzed in a companion contribution [1].
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 is located in the first n OFDM symbols where n ( 4 and occupies the whole DL bandwidth. For EPDCCH, the beginning varies from the 1st to 4th OFDM symbol and continues to the end of a subframe while spans part of the bandwidth in the frequency domain.  
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 both PDSCH and PUSCH transmission of a SCell is predefined by the high layer signaling.
3 Discussions on DL/UL scheduling in LAA
3.1 DL scheduling in LAA
Due to the discontinuous transmission in LAA, partial subframe and normal subframe can be considered for PDSCH transmission. The DL scheduling for partial subframe and normal subframe will be discussed below.
DL scheduling for the partial subframe

The partial subframe design for LAA is discussed in [2] and the proposals include scheduling the partial subframe by an individual DCI, PDSCH transmission should at least be allowed to start from the second slot of the subframe to minimize the overhead, and the starting positions of partial subframe should be fixed to several candidate OFDM symbols within {0, 2, 3, 4, 5, 8} to reuse the DwPTS design.
With the current resource mapping rule, the PDCCH transmission starts at the 1st OFDM symbol in a subframe and the beginning of EPDCCH could be the 1st to 4th OFDM symbol. Therefore, when the current (E)PDCCH is transmitted in the PCell, the eNB could not know data transmission burst would occur in the LAA SCell if the transmission begins at the 5th or 8th OFDM symbol in the partial subframe. Then it is impossible to transmit the scheduling information through the (E)PDCCH.
A possible way is that the scheduling information for the partial subframe in the current subframe is carried by the (E)PDCCH in the LAA SCell after the channel is detected available. There (E)PDCCH and PDSCH mapping rules for this kind of self-carrier scheduling the partial subframe is discussed in [1]. 
Another possible way is to transmit the scheduling information for the partial subframe in the next normal subframe following the partial subframe. The UE could buffer the data received in the partial subframe and get the PDSCH scheduling information from the (E)PDCCH in the following normal subframe. The (E)PDCCH can be transmitted through either cross-carrier scheduling or self-carrier scheduling. For this solution, additional specification efforts are needed to support an (E)PDCCH scheduling the PDSCH transmission in an earlier subframe.  
Observation 1: There are two alternatives for the partial subframe scheduling. One is self-carrier scheduling after the channel is detected available, and the other is self-carrier or cross-carrier scheduling for the partial subframe in the next normal 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 as usual. Besides, for cross-carrier scheduling, it is beneficial to allow one LAA SCell to transmit the scheduling information for another LAA SCell in order to offload the scheduling information from the licensed cells since the bandwidth of unlicensed spectrum would be large.
Observation 2: Self-carrier or cross-carrier scheduling with (E)PDCCH in the normal subframe can be used for the normal subframe scheduling. It is beneficial to allow one LAA SCell to transmit the scheduling information for another LAA SCell for control channel offloading.

3.2 UL scheduling in LAA
According to the discussion on the support of UL transmission for LAA [3], 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 partial subframe. 
For the self-carrier scheduling case, the eNB and UE have to compete for 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. Therefore, self-carrier scheduling does not suit for LAA SCell PUSCH transmission when there is no DL transmission burst in the LAA SCell. On the other hand, cross-carrier scheduling could be used for UL transmission in the LAA SCell.  However, when a lot of cells in the unlicensed spectrum are configured for UL transmission, the control channel overload in the licensed cell would be heavy. So self-carrier scheduling can be used to decrease the control channel load in licensed cells when the LAA SCell is accessible for (E)PDCCH transmission at the UL scheduling moment.

Observation 3: Cross-carrier scheduling for PUSCH transmission in the unlicensed spectrum could be used for UL transmission in one LAA SCell. Self-carrier scheduling for PUSCH on LAA SCell can be used to decrease the control channel load in licensed cells when the LAA SCell is allowed to transmit.
3.3 Combinations of DL/UL scheduling in LAA
As per the discussion above, both cross-carrier and self-carrier scheduling is possible for DL/UL transmission. The combinations for DL and UL scheduling each have pros and cons as addressed below.
Combination 1,  DL/UL: self-carrier scheduling 
In the partial subframe, self-carrier scheduling DL transmission is the only choice if scheduling an earlier subframe is not allowed. At the same time, if there is UL scheduling to be transmitted it can also be carried by the (E)PDCCH on the LAA SCell in the partial subframe to relief the control channel load in the licensed cells. 

However, when the DL data transmission burst in the LAA SCell is finished, self-carrier scheduling for UL transmission would be impossible and UL transmission has to wait for the next DL transmission burst which is very inefficient. It is desirable to change the UL grant from self-carrier scheduling to cross-carrier scheduling in a quick manner when the DL transmission burst is about to finish.
Combination 2,  DL: self-carrier scheduling; UL: cross-carrier scheduling
DL self-carrier scheduling could be used both in the partial subframe and in the normal subframe no matter (E)PDCCH scheduling an earlier subframe is allowed. At the same time, cross-carrier scheduling for UL LAA SCell scheduling could be supported no matter DL transmission burst exists at the UL scheduling moment or not.
However, if the UE-specific searching space in the two cells is independent, the UE blind decoding number would be doubled. Or if the search space of the two cells is shared, the UE has to compare the DCIs sizes in the two cells to decide the blind detection efforts needed for the scheduled cell. As a result, with this combination the UE blind decoding complexity and false alarm probability would be increased. Thus it is preferable to change the DL and UL scheduling cells to one cell when appropriate. Moreover, the control channel overload in the licensed cell could be heavy if a lot of cells in the unlicensed spectrum are configured for UL transmission.
Combination 4,  DL/UL: cross-carrier scheduling
If (E)PDCCH scheduling an earlier subframe is not supported, the DL data burst transmission in the partial subframe in LAA SCell could not be supported by cross-carrier scheduling. For the UL scheduling, as discussed with combination 2, the control channel overload in the licensed cell could be heavy if a lot of cells in the unlicensed spectrum are configured for UL transmission.
It is observed that combinations 1, 2, and 4 each have pros and cons for DL and UL scheduling. The most appropriate and feasible combination for DL and UL scheduling would vary dynamically. Therefore, it is beneficial to support dynamic switching among the combinations. Moreover, if the carrier which carries the scheduling information could be switched dynamically to an accessible SCell, it is beneficial to offload the control channel load in the licensed cells.
Proposal: Allow dynamic switching among the combinations for DL/UL scheduling and changing the DL and UL scheduling CC dynamically.
4 Conclusion
In this contribution, the DL and UL scheduling support in the LAA system is analyzed and the following proposals are provided:
Observation 1: There are two alternatives for the partial subframe scheduling. One is self-carrier scheduling after the channel is detected available, and the other is self-carrier or cross-carrier scheduling for the partial subframe in the next normal subframe.
Observation 2: Self-carrier or cross-carrier scheduling with (E)PDCCH in the normal subframe can be used for the normal subframe scheduling. It is beneficial to allow one LAA SCell to transmit the scheduling information for another LAA SCell for control channel offloading.

Observation 3: Cross-carrier scheduling for PUSCH transmission in the unlicensed spectrum could be used for UL transmission in one LAA SCell. Self-carrier scheduling for PUSCH on LAA SCell can be used to decrease the control channel load in licensed cells when the LAA SCell is allowed to transmit.
Proposal: Allow dynamic switching among the combinations for DL/UL scheduling and changing the DL and UL scheduling CC dynamically.
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