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1 Introduction
In RAN1#84bis meeting, some agreements about LAAUL multi-subframe scheduling(MSF) were agreed:
Agreement:
· DCI format(s) to schedule PUSCH transmission in k<= N subframes with single TB per subframe or two TBs per subframe 
· Value(s) of N is FFS
· Value N is either semi-statically configured or hard-coded, to be further decided
· DCI format(s) will have the following scheduling information types:
· Type A: common to all the scheduled subframes (appearing only once in a DCI)
· carrier indicator, resource assignment, cyclic shift for DM RS and OCC index
· Type B: subframe specific information (appearing N times for N subframes scheduling)
· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
· FFS details of scheduling timing indication, and whether it’s type A or type B
· FFS: Type C: applied only to one of the scheduled subframes (appearing only once in a DCI)
· CSI request, SRS request, TPC
· Note: there are maybe other information fields in DCI, to be decided later
· Note: the DCI formats here may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH
Also, it was agreed to support flexible PUSCH transmission timing in LAA as follows.
Agreement:
· Confirm the working assumption
· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)
In this contribution, we discuss the details of LAA UL multi-subframe scheduling scheme and the flexible PUSCH transmission timing for LAA PUSCH transmission.
2 Multiple subframes scheduling 
We discuss the details of the design for LAA multiple subframes schedule in LAA UL below, especially for downlink control information (DCI).
The DCI for multiple subframes schedule will have the following scheduling information types, and each type contain the DCI contents may be given as below:
· Type A: common scheduling information to all the scheduled subframes (appearing only once in a DCI). Examples are as follows:
· carrier indicator
· resource assignment
· [MCS]
· cyclic shift for DM RS and OCC index
· scheduled UL subframes 
· Type B: subframe specific information (appearing N times for N subframes scheduling). Examples are as follows:
· NDI 
· [HARQ process number &RV] 
· [ Start symbol and end symbol of PUSCH]
· [LBT category and/or LBT parameters]
· Type C: applied only to one of the scheduled subframes (appearing only once in a DCI). Examples are as follows:
· CSI request
· SRS request
· [TPC]
In order for multi-subframe grants to be useful and not make DCI too large, there need to be some commonalities between the scheduling information of the subframes and scheduling flexibility. Therefore, the following DCI contents need to be carefully considered to minimize the DCI payload size and keep scheduling flexibility. 
· For LBT category and/or LBT parameters
As agreed in the last RAN1 meeting, both a Cat.4-based CCA and a 25 µs CCA before the UL transmission burst are supported in LAA to match different use cases. Therefore, dynamic indication of LBT type and/or LBT parameters
should be included into the UL grant to make UEs multiplexing more effectively.
· For TPC
UL TPC should be supported and how TPC command could be applied for multiple PUSCH transmissions should be specified. Such as the TPC command is applied only for the first scheduled UL subframe of the MSF and the value of the power of other scheduled UL subframe of the MSF should be equal to the first scheduled UL subframe of the MSF. Because, for multiple-subframe scheduling, UE only perform LBT before the first scheduled UL subframe of the MSF and the value of the power is dependent on the threshold of the LBT. So, the value of the power of other scheduled UL subframe of the MSF should be equal to or less than the first scheduled UL subframe of the MSF.
· For HARQ process number and RV
We suggest using a 4bit UL HARQ process ID for LAA UL to support maximum number of HARQ processes =16 and using 2bit for RV for each scheduled subframe. Combined with NDI, it could give the eNB the flexibility to schedule subframes with mixture of both new transmission and re-transmission. 
· For start symbol and end symbol of PUSCH
From a UE perspective, no gap between consecutive subframes is desirable to utilize a channel continuously once the UE occupies the channel. However, blanked symbol for some subframes could be considered for multi-user multiplexing and SRS-only transmission. In last meeting, a conclusion have been reached that at least one DFT-OFDM symbol should be blank and eNB can signal the number of the blank symbol and location of the scheduled UL subframes or  the total OFDM symbol number of PUSCH in a UL subframe. This signaling can be UE-specific or cell-specific.
· [bookmark: OLE_LINK81][bookmark: OLE_LINK82]For scheduled UL subframes 
eNB should inform UE which UL subframes are scheduled by this UL grant. If scheduled k UL subframes are non-consecutive, then bitmap-based approach can be used to indicate the scheduled UL subframes. If k is consecutive, then the first scheduled UL subframe and the number of scheduled UL subframes should be given.
· For N: the maximum number of the multi-subframe scheduling
Considering the MCOT restriction of some region, N_max=4 could be reasonable，and N_min=1 which can support SSF and MSF flexibly. The same DCI format can dynamically indicate scheduling over one, two, three, or four subframes. Therefore, it’s no need to configure N.
We can see the size of multi-subframe scheduling DCI may be increased with the number of scheduled subframes as Type B is in proportion with number of scheduled subframes. An example of DCI design is given below in Table 1.
Table 1: An example of DCI design
	Field description
	Size

	carrier indicator
	3 or 5 bit

	LBT category and/or LBT parameters 
	[M ] or [M* Nmax ] bits

	TPC for PUSCH
	2bit

	Cyclic DM-RS shift
	3bit

	CSI request
	1 or 2 or 3bits

	SRS request
	0 or 1bit

	HARQ Process ID
	4*Nmax bit

	NDI
	Nmax  or  2Nmax bits

	Redundancy Version for re-tx
	2Nmax or 4Nmax bits

	Resource allocation
	K bit

	MCS
	5 or 10bit 

	Total number of scheduled subframe
	[2]bits

	PUSCH scheduling offset
	[2]bits

	Starting DFT-S-OFDM symbol and ending DFT-S-OFDM symbol of PUSCH
	[2* Nmax ] or [3* Nmax ]bits



The DCI can be conveyed in one of the below options.
Option1: Introducing new DCI format which can schedule PUSCH transmission in N (N>1) subframes.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK75][bookmark: OLE_LINK76]For example, DCI format 0A/4A can be defined for MSF whose DCI size is different from DCI format 0/4, and UE can be configured by mode of MSF through RRC. Next, blind the DCI according to the MSF DCI format and obtain the scheduling information of the UL subframes. This method can achieve the scheduling flexibility as much as possible.
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In this option, DCI size is not changed, but the DCI field of the scheduling information is changed. Such as, the 2 bits of UL index or DAI can be used to indicate number of scheduled UL subframes. The bits saved by resource allocation can be used for HARQ process number and RV, or other new defined DCI fields. However, if the DCI size is very large, the existing DCI format 0/4 may not appropriate to accommodate this DCI. 
Option3：Some scheduling information types using DCI format 0 or 4, other scheduling information types bearing on PDSCH.
Such as common scheduling information use existing DCI format 0 or 4 to bear, and use PDSCH to bear the additional scheduling information. And the frequency location and the MCS of the PDSCH are predefined or configured by RRC.
Although scheduling non-consecutive subframes is technically not impossible, it induces more scheduling complexity and requires more information bits to indicate, while there is no apparent benefit. Besides, using one UL grant to schedule multiple continuous UL subframes can potentially alleviate the effect of LBT. For example, eNB sends UL grant at subframe N to schedule PUSCH from subframe N+4 to N+7. If UL CCA is successful for subframe N+4, then the UE can transmit PUSCH from subframe N+4 until N+7 if there is no new UE is scheduled during these four subframe. Otherwise, if eNB indicate the second or later subframes of the scheduled multiple subframe has blanked symbol(s), the continuous transmission of the UE will be interrupted.
Observation: DTX may be introduced of MSF if the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes.
Some alternatives can be considered to resolve this scheduling case. For example, 
Alt 1: The UE restart and perform CCA for the later subframe. 
Alt 2:  The sparse reservation signal can be sent in the blank symbols in order to avoid losing channel.
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Proposal 2: If the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes, the UE should restart and perform CCA again, and otherwise the sparse reservation signal should be sent in the blank symbols to avoid losing channel.
3 Flexible timing between UL grant and UL transmission
Flexible timing between UL grant and UL transmission has been supported and the minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s). Now let’s consider on how to introduce flexible scheduling timing for the start of a PUSCH transmission. Clearly, this information would need to be contained in the respective UL grant as otherwise the flexibility would be lost.
For scheduling of consecutive subframes, the subframe offset value of N+4 instead of indication the subframe index can be used to determine the first PUSCH transmission timing among multiple scheduled subframes and minimize the signal overhead.
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4 Conclusion
In this contribution, we discuss the details of LAA UL multi-subframe scheduling scheme and the flexible PUSCH transmission timing for LAA PUSCH transmission. We have the following proposals:
Proposal 1: New DCI format can be considered for multi-subframe scheduling design.
 Proposal 2: If the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes, the UE should restart and perform CCA again, and otherwise the sparse reservation signal should be sent in the blank symbols to avoid losing channel.
Proposal 3: Subframe offset value of N+4 can be included in UL grant to indicate the flexible scheduling timing.
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