3GPP TSG RAN WG1 Meeting #84
R1-160299
St. Julian’s, Malta, February 15 – 19, 2016
Agenda Item:
7.3.1.1
Source:
Huawei, HiSilicon
Title:
Scheduling design for eLAA
Document for:
Discussion/Decision
1 Introduction

In 3GPP TSG RAN #70 meeting, the work item of “New Work Item on enhanced LAA for LTE” was approved for Release 14 study [1]. The objective within this work item is to specify UL support for LAA SCell operation in unlicensed spectrum including: 
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In this contribution, we give the views on the scheduling design for eLAA.
2 Discussion
2.1 DL/UL scheduling in LAA
In RAN1 #80bis 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 [2]. Other combinations for DL and UL scheduling each have pros and cons as addressed below.

Combination 1, DL/UL: self-carrier scheduling 
Self-carrier scheduling DL transmission is the only choice for the UEs configured with partial subframe. 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 to relief the control channel load in the licensed cells. Thus DL/UL self carrier scheduling should be supported if the number of DL subframes (including partial subframe) within this transmission burst is larger than 4 to carry UL grant for the following UL subframes. One example is illustrated in Figure 1, where the idle symbols at the end of each subframe except the last subframe during the UL transmission was assumed to be reserved to avoid intra-cell blocking issue among transmitting UEs and contending UEs as discussed in a companion contribution [3].
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Figure 1. Self-carrier scheduling for DL/UL

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. It is possible to change the UL grant from self-carrier scheduling to cross-carrier scheduling in a quick manner, or to apply multi-subframe scheduling in this case. 
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. At the same time, cross-carrier scheduling for UL LAA SCell scheduling could be supported no matter DL transmission burst on the unlicensed cell exists at the UL scheduling moment or not. Thus DL self-carrier scheduling and UL cross carrier scheduling can be supported if the number of DL subframes (including partial subframe) within this transmission burst is less than 4. One example is illustrated in Figure 2. 
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Figure 2. Self-carrier scheduling for DL and cross-carrier scheduling for UL

However, if the UE-specific searching space in the two cells is independent, the UE blind decoding number would be increased by monitoring two search spaces in two cells. Thus it is preferable to change the DL and UL scheduling cells to one cell (e.g. DL scheduling cell) when appropriate, so as to reduce the blind decoding complexity. 
Combination 4, DL/UL: cross-carrier scheduling
In this case, the control channel reliability can be ensured. However since the LAA SCell could not schedule another LAA SCell, the control channel overload in the licensed cell could be heavy if a lot of cells in the unlicensed spectrum are configured for cross carrier scheduling. Furthermore the control channel resource utilization efficiency on the PCell would also be low due to LBT. Besides, the DL data burst transmission in the partial subframe in LAA SCell can not be supported by cross-carrier scheduling. From these aspects, it may be not preferable to support combination 4 for LAA scheduling for all LAA SCells. 
According to the above analysis, 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 be vary dynamic. Therefore, it is beneficial to support dynamic switching among the combinations especially between combination 1 and combination 2. One example with the dynamic switching among the combinations is illustrated in the Figure 3.
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Figure 3. Dynamic switching among the combinations for DL/UL scheduling
Proposal 1: Allow dynamic switching among the combinations for DL/UL scheduling and changing the DL and UL scheduling CC dynamically.

2.2 Other issues related to scheduling in LAA
Issue 1: UL HARQ timing
As proposed in a companion contribution [4], flexible DL+ UL configuration should be supported, which is different from current TDD or eIMTA configuration. Since LBT is generally needed for PUSCH transmission, if the fixed UL HARQ timing between UL grant and PUSCH is applied and if the UE is not able to transmit its data in the indicated UL subframe due to LBT, delay in the UL LAA transmissions may occur and the corresponding DCI signalling may also be wasted. From this aspect, adding UL transmission opportunities may need to be considered. For example, to define new timing between UL grant and PUSCH can be considered. Moreover from the aspect of potential efforts, we propose to retain the minimum timing between UL grant and PUSCH as 4ms. 
Proposal 2: for eLAA, the minimum timing between UL grant and PUSCH should be retained as 4ms.
In addition, in the legacy LTE releases, synchronous HARQ is used in uplink, in which UE identifies in each TTI the HARQ process that is associated with this TTI. However PHICH may not be available due to LBT. From this aspect, in RAN1 #80bis meeting, the following was agreed [2] and it is necessary to specify the asynchronous UL HARQ for eLAA. 
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used

· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields

· HARQ process number

· Redundancy version
However the redundancy version for PUSCH has been included in DCI format 0 as specified in [5], therefore it is unnecessary to redefine redundancy version in the UL grant DCI unless new issues are identified. Otherwise only HARQ process number needs to be introduced in UL grant.
Observation 1: It is unnecessary to redefine redundancy version in the UL grant DCI unless new issues are identified.

Proposal 3: the asynchronous UL HARQ should be specified for eLAA and only HARQ process number needs to be introduced in UL grant.
Issue 2: Multi-subframe scheduling
For the case where the number of DL subframe is less than the number of UL subframe, multi-subframe scheduling can also be considered for self-carrier scheduling case. Although the cross-carrier scheduling from the licensed carrier for UL can be applied to help this issue, it may incur heavy burden over the signaling overhead of the licensed carrier. From this aspect, the multi-subframe scheduling could be supported for UL scheduling in LAA SCell.
Proposal4: Multi-subframe scheduling could be supported for UL scheduling in LAA SCell.
3 Conclusions
In this contribution, the scheduling design for eLAA is discussed. According to the discussion, the following observation and proposals are achieved.
Proposal 1: Allow dynamic switching among the combinations for DL/UL scheduling and changing the DL and UL scheduling CC dynamically.

Proposal 2: for eLAA, the minimum timing between UL grant and PUSCH should be retained as 4ms.

Proposal 3: the asynchronous UL HARQ should be specified for eLAA and only HARQ process number needs to be introduced in UL grant.

Proposal4: Multi-subframe scheduling could be supported for UL scheduling in LAA SCell.
Observation 1: It is unnecessary to redefine redundancy version in the UL grant DCI unless new issues are identified.
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