3GPP TSG RAN WG1 Meeting #84bis
R1-162130
Busan, Korea 11th - 15th April 2016
Agenda Item:
7.3.1.1
Source:
Huawei, HiSilicon
Title:
Scheduling design for eLAA
Document for:
Discussion/Decision
1 Introduction

In RAN1 #84 meeting [1], the following agreements were achieved for scheduling design for LAA.

Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported.
· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.
Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· Working assumption: The minimum latency is 4ms

Agreement:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail
In this contribution, we give the views on the UL grant(s) and scheduling timing design for eLAA.
2 Discussion
2.1 UL grant(s) design
In this section, the potential options to support UL grant(s) design for PUSCH transmission in multiple subframes are analyzed.

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
In this option, some information transmitted in this UL grant can be reused for the scheduled multiple subframes, e.g. resource allocation information, MCS, TPC command, etc. Therefore the bits to indicate this kind of information can be saved and meanwhile the scheduling flexibility may also be restricted. Furthermore taking into account the HARQ process flexibility, NDI as well as HARQ process number may need to be designed per scheduled subframe in the single UL grant. Since for frame structure type 3, DL or UL transmission duration can be varied between different transmission bursts as analyzed in [2], the number of scheduled UL subframes in one UL grant may be varied. Therefore the bits to indicate the information related to HARQ may need to be reserved according to the maximum number of scheduled UL subframes in one UL grant. This would result in additional overhead in the UL grant design. On the other side, if the HARQ process flexibility is not considered, i.e. HARQ process number and NDI are the same for all scheduled UL subframes, these scheduled UL subframes would need to be retransmitted even if only one transmission in the scheduled UL subframe is failed. Obviously this would reduce the UL transmission efficiency. In addition, if this UL grant is missed, the transmission over all scheduled UL subframe will be lost. 
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
Among potential options to support UL grant(s) design, Option 2) is the simplest design for multi-subframe scheduling and accordingly leads to little standard work. Furthermore Option 2) will provide the most flexible scheduling for different subframes. Even if one UL grant is missed, there is only one lost PUSCH. One concern for Option 2) may be the control signalling overhead. However since these UL grants are applied for multi-subframes, the overhead may be comparable to the case where one UL grant schedules single PUSCH transmission in a single UL subframe. 
· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
For this option, since single PUSCH transmission will be transmitted among one of the multiple subframes depending on UL LBT result, the resources allocated for this PUSCH transmission among these multiple subframes should be reserved, which would lead to resource waste. From this aspect, Option 3) is not preferable. 
Finally for the two stage grants, the scheduling details should be redesigned, which will bring heavy burden on standard works. In addition, if the first stage grant or the second stage grant is missed, all scheduled PUSCH transmission over multiple subframes will be lost. Therefore it is suggested not to support two stage grants in Rel-14 LAA. 
According to the above analysis, Table 1 summarizes the comparison among Option 1), Option 2) and Option 3).
Table 1. Comparison among different UL grant(s) design for multiple subframes.
	Options 
	Design complexity 
	Scheduling flexibility 
	Control signaling overhead 
	Other issues

	Option 1
	Simple
	Limited scheduling flexibility 
	Medium. 
	if UL grant is missed, all scheduled PUSCH will be lost.

	Option 2
	Simplest 
	the most flexible 
	Large. But can be comparable to legacy system, i.e. one UL grant for one PUSCH 
	-

	Option 3
	Simplest 
	Limited scheduling flexibility 
	Small 
	Resource waste due to reserved UL resource.

eNB blind detection complexity.


Therefore to save the standard effort as well as to ensure the transmission efficiency of UL scheduled PUSCH, it was suggested to support Option 2) for UL scheduling in eLAA.

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 [3] 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 [4], 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 for Option 2). Furthermore the timing relationship between the UL grant(s) in one subframe and the scheduled multiple subframes should be considered. 
Proposal 1: Option 2) is supported for UL scheduling in eLAA.
· It is unnecessary to redefine redundancy version in the UL grant DCI unless new issues are identified.

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

· the timing relationship between the UL grant(s) in one subframe and the scheduled multiple subframes should be considered. 
2.2 Scheduling timing design for inter-TxOP scheduling or cross-carrier scheduling
As agreed in the last meeting [1], the minimum latency between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is 4ms. Therefore when the number of DL subframe is less than 4 during one transmission opportunity (TxOP), how to support UL subframes transmission which cannot be scheduled by the intra-TxOP DL subframes should be considered. At least two options can be considered [5]. One is the inter-TxOP scheduling and the other is the cross-carrier scheduling. One example is depicted in the following figure. 
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(b) Cross-carrier scheduling
Figure 1. UL scheduling design when the number of DL subframe is less than 4
Currently for legacy LTE system, the UL scheduling timing is defined based on the subframe with UL grant. For example, For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with DCI format 0/4 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+4 according to the PDCCH/EPDCCH information. However since there is opportunistic DL subframe between the subframe with UL grant and the scheduled UL subframe, the current scheduling timing design may not be efficient for inter-TxOP scheduling or cross-carrier scheduling on LAA SCell. One example is shown in Figure 2. In Figure 2, if the LBT for the first DL subframe during the Nth-TxOP fails, since the UL grant in the previous TxOP has scheduled the UL subframe, there is at most one DL subframe during the Nth-TxOP. Therefore the duration of DL transmission during the Nth-TxOP will be impacted. From this aspect, the UL scheduling timing design for inter-TxOP or cross-carrier scheduling can take into account the location of the opportunistic DL subframe between the subframe with UL grant and the scheduled UL subframe. 
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Figure 2. DL transmission during Nth-TxOP will be impacted if the scheduling timing is based on the subframe with UL grant
Proposal 2: the UL scheduling timing design for inter-TxOP or cross-carrier scheduling can take into account the location of the opportunistic DL subframe between the subframe with UL grant and the scheduled UL subframe.
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: Option 2) is supported for UL scheduling in eLAA.
· It is unnecessary to redefine redundancy version in the UL grant DCI unless new issues are identified.

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

· the timing relationship between the UL grant(s) in one subframe and the scheduled multiple subframes should be considered. 
Proposal 2: the UL scheduling timing design for inter-TxOP or cross-carrier scheduling can take into account the location of the opportunistic DL subframe between the subframe with UL grant and the scheduled UL subframe.
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