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1 Introduction

During RAN1 85 meeting, one draft WF was proposed by Qualcomm [1] on supporting trigger based transmission for UL in eLAA, where the two-stage scheduling for eLAA was discussed. In this contribution, we give our views on two-stage scheduling for eLAA.

2 Discussions
2.1 Necessity to introduce two-stage scheduling
Since the minimum delay between UL grant and PUSCH is 4ms, if UL grant is only triggered within each transmission burst (TxOP), the usable amount of time for UL transmission with one shot CCA or the UL channel availability would be severely impacted. For example when MCOT is 6ms, the maximum number of UL subframes within the TxOP is 2ms (Figure 1-1), which is quite inefficient for UL heavy scenario in eLAA. Alternatively, the eNB could leave the middle 3 subframes unscheduled so as to extend the UL duration within the TxOP (Figure 1-2) as discussed in [2]. The cost would be the great risk that other nodes would occupy the channel in such long duration.
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Figure 1-1. Usable number of UL subframes with one shot CCA is limited with intra-TXOP scheduling
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Figure 1-2. Paused TxOP to extend UL duration
One way to increase the usable number of UL subframes with one shot CCA is inter-TxOP scheduling. As depicted in Figure 2, an UL subframe can be scheduled by the DL subframe in the previous TxOP and the actual transmission is triggered by the current TxOP. By this way, the UL performance can be improved especially in UL heavy traffic scenario.
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Figure 2. One example of inter-TxOP scheduling
For inter-TxOP scheduling, it needs to solve how to make UE acquire the location of the actual transmitting UL subframes. 
The most straightforward method is to indicate directly the timing offset between UL grant and the actual transmitting UL subframe. For example, assuming UL grant is sent in subframe N, the actual PUSCH is in subframe N+4+k, where k can be indicated in the UL grant as in the MSF scheduling. However considering the uncertainty for the eNB to successfully start another TxOP before the actual PUSCH subframe, fixing the timing offset between UL grant and trasmitted PUSCH is not feasible all the time.
The alternative is UE derives the actual transmission subframe after the eNB acquiring another TxOP by DL cat.4 LBT. This can be regarded as two-stage scheduling. The scheduling information for an UL subframe, e.g, RB allocation, MCS/PMI, HARQ, etc., can be given in 1st UL grant within the DL subframe of the previous TxOP. The actual UL transmission happens in the current TxOP which is triggered by 2nd UL grant, in which one-shot 25us CCA can be applied. One example is depicted in Figure 3.
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Figure 3. Inter-TxOP transmission with two-stage scheduling
Proposal 1: Two-stage scheduling is supported for inter-TxOP scheduling in eLAA.
2.2 Two-stage scheduling design
2.2.1 Concept of two-stage scheduling 

For two-stage scheduling, the UL grant in the previous TxOP can carry all the scheduling information except the actual transmission timing of the scheduled PUSCH. The actual PUSCH transmission is triggered by the 2nd grant in the current TxOP. The 2nd grant can be either explicit or implicit. 
Even in the same TxOP, since the eNB may schedule multiple subframes to one UE, or schedule multiple UEs in different subframes, it is desirable to differentiate the relative time sequence of those scheduled subframes or UEs.

By explicit signaling, a 2nd DCI format is transmitted in one of the DL subframes within the current TxOP, which includes the actual transmission timing of each scheduled UE and subframe. This method requires designing a new DCI format and may increase the blind detection complexity.

There would be no such issue if the 2nd grant is conveyed implicitly. For example, UE1 is scheduled in the 1st and 2nd UL subframes by MSF scheduling, while UE2 is scheduled in the 2nd UL subframes by SSF scheduling. Then UE1 needs to be indicated with Offset 1 relative to one reference subframe, and UE2 needs to be indicated with Offset 2 relative to the reference subframe. Since the eNB could transmit DCI format 1C to indicate the ending partial or regular DL subframe, the reference subframe can be the last DL subframe of the current TxOP which includes the scheduled PUSCH. Thus there is no need to separately indicate the reference subframe by a 2nd UL grant and no new DCI design is needed. Furthermore, the offset relative to the reference subframe can be indicated in the 1st UL grant. 
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Figure 4. One example of two-stage scheduling
The above example for two-stage scheduling is depicted in Figure 4, where Offset 1 is indicated to UE1 and Offset 2 are indicated to UE2 by the 1st UL grant. In the following TxOP, once detecting the ending DL subframe by DCI format 1C, UE1 will transmit PUSCH in the 1st and 2nd UL subframes, and UE2 will transmit PUSCH in the 2nd subframes.
For SSF scheduling, additional bits need to be added in the 1st UL grant to indicate the offset between the ending DL subframe and the actual UL transmission subframe within the same TxOP. For MSF scheduling, the timing offset indication can reuse k indication (i.e. 4 bits) introduced in UL grant for MSF scheduling. 
Proposal 2: for two-stage scheduling used for inter-TxOP scheduling,

· UL grant carries all the scheduling information except for the actual transmission subframe
· UE derives the actual transmission subframe relative to the ending DL subframe of the following TxOP

· The offset between the last DL subframe and the scheduled PUSCH is indicated in the UL grant. 
· In SSF scheduling, additional bits need to be introduced.
· In MSF scheduling, reusing k indication (i.e. 4bits).
2.2.2 Issues to be addressed for two-stage scheduling
· Configuration of two-stage scheduling
To ensure the scheduling flexibility for both intra-TxOP scheduling and inter-TxOP scheduling, one bit can be added to the UL grant to differentiate whether the UL grant is for one stage scheduling or for two-stage scheduling. 

Proposal 3: 1 bit in the UL grant to dynamically indicate the following two cases: 
Case1: Fixing the timing offset between UL grant and scheduled PUSCH
Case2: The actual PUSCH transmission timing is relative to the last DL subframe of the TxOP including the PUSCH.
· LBT type for two-stage scheduling 

According to the agreements achieved in the [85-05-06] email discussion [3], i.e. LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signalled via UL grant, LBT type for two-stage scheduling can also be informed by the 1st UL grant for two-stage scheduling. 

Observation 1: LBT type indication for two-stage scheduling can follow the design applied to SSF and MSF scheduling with the fixed timing offset between UL grant and actual PUSCH transmission.

· Avoidance of possible collision due to missing reference subframe

For two-stage scheduling, UE may misunderstand the location of the last DL subframe based on which the actual transmission subframe is derived. One example is depicted in Figure 5, where UE1 missed the common DCI in the expected ending DL subframe and detects another common DCI in the following TxOP. Meanwhile, the scheduled PUSCH for UE2 is targeting the next TXOP and transmits correspondingly. In this case, the UL transmission of UE1 and UE2 will collide with each other. 
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Figure 5. Collision between UEs due to misunderstanding the location of reference subframe
One potential solution to avoid the collision is to indicate which transmission burst includes the scheduled PUSCH transmission. For example, one toggled bit can be included in DCI format 1C to differentiate the adjacent two TxOPs. Since the two-stage scheduling is often applied to the UL heavy traffic scenario, it would be very unlikely that the TxOP containing UL grant and the TxOP containing the scheduled PUSCH by this UL grant is not adjacent. Thus if the state of this bit is set to be ‘0’ for the TxOP including UL grant, UE would expect the state of this bit is to ‘1’ for the transmission TxOP. 
Alternatively, eNB can configure one valid time duration for UE to detecting the ending DL subframe of the TxOP including its scheduled PUSCH. This valid time can be determined according to the eNB MCOT and configured by high layer signalling. One example is depicted in Figure 6. By this way, the confusion of the TxOP due to common DCI 1C false detection can be avoided as long as the eNB does not initiate two TxOPs during this valid time. By higher layer configuring valid time, this method could save precious bits in common DCI 1C. However, implementation restriction on eNB is required.
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Figure 6. One example of valid time to detecting the last DL subframe
Observation 2: Two options can be considered to identify the actual transmitting TxOP:

Option1: Include one toggled bit in DCI format 1C;

Option2: Configure one valid time by higher layer, during which the UE tries to detect the last DL subframe. 
3 Conclusion
In this contribution, two-stage scheduling for inter-TxOP scheduling was discussed. According to the analysis, some proposals and observations are achieved.
Proposal 1: Two-stage scheduling is supported for inter-TxOP scheduling in eLAA.
Proposal 2: for two-stage scheduling used for inter-TxOP scheduling,

· UL grant carries all the scheduling information except for the actual transmission subframe
· UE derives the actual transmission subframe relative to the ending DL subframe of the following TxOP

· The offset between the last DL subframe and the scheduled PUSCH is indicated in the UL grant. 
· In SSF scheduling, additional bits need to be introduced.
· In MSF scheduling, reusing k indication (i.e. 4bits).
Proposal 3: 1 bit in the UL grant to dynamically indicate the following two cases: 
Case1: Fixing the timing offset between UL grant and scheduled PUSCH
Case2: The actual PUSCH transmission timing is relative to the last DL subframe of the TxOP including the PUSCH.
Observation 1: LBT type indication for two-stage scheduling can follow the design applied to SSF and MSF scheduling with the fixed timing offset between UL grant and actual PUSCH transmission.
Observation 2: Two options can be considered to identify the actual transmitting TxOP:

Option1: Include one toggled bit in DCI format 1C;

Option2: Configure one valid time by higher layer, during which the UE tries to detect the last DL subframe. 
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