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1
Introduction
The UL scheduling discussions at RAN1#85 mainly focused on the supported self- and cross-carrier scheduling combinations as well as on single stage scheduling using single and multi-subframe grants. 

During RAN1#85 there has been no progress on the still open issue on the support of two stage grants for eLAA from RAN1#84:

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.

We think that two stage scheduling for eLAA PUSCH would be a valuable addition to the eLAA PUSCH scheduling framework and therefore we discuss in this contribution two-stage UL scheduling for eLAA.
2
General considerations on two-stage UL scheduling
In case of LAA, the N+4 UL scheduling timing limitation given by LTE has a strong impact on the UL scheduling flexibility specifically for LAA self-scheduling, as the presence of a DL subframe scheduling PUSCH cannot be guaranteed. 
Moreover, eLAA enables DL and UL to be contained within the same MCOT, and thereby enable a short LBT procedure for the UL following a DL based on Cat. 4 LBT operation. As the overall MCOT will be limited in time (e.g. 6-10ms), it will not be possible to have the UL starting earlier than in the 5th subframe of the MCOT (due to the undefined start of the DL part of a combined DL/UL MCOT), which will dramatically limit the number of UL subframes that we can schedule within this combined MCOT.

The following two-stage grant operation would be beneficial and alleviate these issues:

1. The eNB sends an ‘initial grant’ in subframe N containing the full information for the PUSCH transmission (HARQ ID, NDI, resource allocation, …) except the exact time of the PUSCH transmission. The ‘initial grant’ is to be sent at least 4 subframes before the earliest possible PUSCH transmission opportunity to the UE according to the LTE N+4 timing. This grant is only for the UE to start processing the data for UL transmission but the UE is not allowed yet to transmit the related (pre-scheduled) PUSCH.
2. The eNB sends a triggering grant to the UE in subframe K, which indicates the UE to transmit in subframe K+x according to the previously received initial grant, where the minimum value of x is a small value, e.g. 1 or 2. Due to the shorter time between the triggering grant and the actual PUSCH transmission, the eNB has more flexibility in enabling LAA UL transmissions based on the current eLAA frame structure understanding.

This procedure is schematically illustrated in Figure 1.
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Figure 1: Two-stage grant operation

Basically, the initial grant could have the same content and structure as the DCI formats 0A/4A/0B/4B, as it needs to contain the full information on the PUSCH transmission except the exact absolute starting time of the UL burst transmission for the UE. The triggering grant could be either UE specific or LAA cell-specific (e.g. carried in the common DCI) of the DL cell. 

One could also think of combining this scheduling option with LAA cross-carrier scheduling in a way, that the initial grant is transmitted from licensed band through cross-carrier scheduling (not affected by LBT) and the short-term triggering grant is carried on the LAA SCell to quickly trigger the ‘pre-informed’ PUSCH transmission after the LAA eNB has gotten access to the channel. 

This scheduling option is a promising method especially to enable combined UL/DL MCOT operation and we therefore propose:

Proposal #1: Enable two-stage UL grant operation with an ‘initial grant’ containing the overall PUSCH information (incl. RA, MCS, etc.) as well as a ‘triggering grant’ with reduced latency before the intended PUSCH transmission defining the timing of the PUSCH transmission.

In the remaining part of the contribution we discuss the details of two-stage grant operation, including operation with initial multi-subframe grant using DCI formats 0B/4B.
3
Details of two-stage UL scheduling
The ‘triggering grant’ can be either UE-specific or cell-specific - i.e. applicable to all UEs with a pending two-stage grant in the corresponding unlicensed cell. UE-specific trigger provides larger scheduling flexibility since UL transmissions can be independently triggered from UEs with a pending two-stage grant. On the other hand, UE-specific triggering (whether it is conveyed a common or UE-specific DCI) introduces significantly higher overhead as compared to cell specific trigger. Since two-stage scheduling option is mainly targeted at high UL to DL ratio on the unlicensed SCell, in most practical scenarios there will only be a few (one or two) DL subframes where the trigger can be transmitted. In this case, the benefit of UE-specific trigger vs. common trigger seems to be quite limited. Therefore we propose that the ‘triggering grant’ for two-stage UL scheduling option is cell-specific and signaled using the LAA common DCI.
Proposal #2: The ‘triggering grant’ for two-stage UL scheduling is cell-specific, common for all UEs with a pending two-stage UL grant, and signaled in the LAA common DCI.
The signaling of the ‘triggering grant’ in common DCI can be either ‘explicit’ or ‘implicit’. 

With ‘explicit’ signaling, the ‘triggering grant’ could be a specific information element in the common DCI. In this case the trigger may also contain information on the UL transmission offset (i.e. when the UEs should start UL transmission after receiving the trigger). If the trigger contains offset information, the trigger may be repeated in subsequent subframes without that a misdetection of the ‘triggering grant’ create confusion between the UE and the eNB on the subframe(s) in which the UL transmission should happen. Alternatively, the transmission offset may be implicitly derived by the UE based on the subframe in which the trigger is received. In this case, the ‘triggering grant’ should not be repeated in consecutive subframes. The trigger may also contain information on the triggered UL burst length, i.e. for how many subframes the trigger grant is valid. ‘Explicit’ signaling of the ‘triggering grant’ comes at the cost of additional overhead in the common PDCCH.
With ‘implicit’ signaling, the ‘triggering grant’ is implicitly derived from Frame Structure signaling in the common DCI, which may already include information on the start of the subsequent UL transmission burst and the UL burst length. In this case the ‘triggering grant’ comes with no additional overhead and the Frame Structure signaling gives all the needed information on when the UL transmissions should start. Details of our envisioned Frame Structure signaling can be found in our companion contribution [1]. With ‘implicit signaling’ however the eNB does not have the flexibility to start an UL Tx burst without simultaneously triggering the transmission of pending two-stage UL grants.
There is also the possibility of an ‘hybrid’ solution having a single bit in the common DCI indicating whether or not the following UL burst can be used for transmitting pending two-stage UL grants, while all other information (offset to the following UL transmission burst and UL burst length) is derived from the UL Frame Structure signaling in the common PDCCH.
We think that such ‘hybrid’ solution represents a good trade-off between scheduling flexibility at the eNB and required signaling overhead on common PDCCH.
Proposal #3: The ‘triggering grant’ is transmitted using a single bit in the common DCI on the LAA SCell indicating whether or not the following UL transmission burst can be used for transmitting pending two-stage UL grants. Other information needed for the UE to get the timing of the UL transmission (start of the subsequent UL transmission burst and UL burst length) is obtained from Frame Structure signaling in the common DCI.
In Figure 2 we show an example which nicely presents the need as well as the operation of the intended two-stage UL scheduling. For a combined DL and UL MCOT containing only a single DL subframe, the first 3 UL subframes of the UL transmission burst may need to be scheduled using two-stage UL scheduling. The initial grant is transmitted in a DL subframe of the previous MCOT and the trigger grant is transmitted within the same combined DL/UL MCOT. Otherwise, it would not be possible to enable flexible self-scheduling of the first 3 UL subframes following the DL subframe of the MCOT depending on the start of the DL burst. 
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Figure 2: Two-stage UL scheduling supporting TDM of UEs in UL Tx burst
In order not to limit the scheduling flexibility in the first 3 UL subframes of the UL transmission burst of Figure 2, the two-stage UL scheduling solution standardized in eLAA should also support Time Division Multiplexing (TDM) of PUSCH of different UEs. To do that, it is proposed to use a specific field in the two-stage UL grant to signal the scheduling offset relative to the first subframe of the triggered UL transmission burst - i.e. the UL transmission burst immediately following the ‘triggering grant’. As in case of the two-stage initial grant the actual transmission timing is not given, the field ‘Subframe timing for PUSCH transmission’ of DCI Formats 0A/4A/0B/4B can be directly used to provide this flexibility (i.e. the MSF grant design can be directly re-used for the initial grant of the two-stage UL scheduling framework).
Proposal #4: The two-stage UL scheduling solution should also support TDM of UEs. The Subframe timing field of DCI formats 0A/4A/0B/4B is reused for two-stage UL scheduling to indicate the UE-specific offset relative to the first subframe of the triggered UL transmission burst.
Another aspect to be considered is when the UE should at the latest start listening for the ‘triggering grant’ after having received the ‘initial UL grant’ in subframe N. Assuming the UE should still be able to start transmission earliest in subframe N+4 also with two-stage scheduling and that an UL subframe in subframe M should already be signaled in subframe M-2 (i.e. assuming x=2), then the UE should start listening to the ‘triggering grant’ already in subframe N+2. In practice, the UE may know from the Frame Structure signaling in common DCI that some subframes are used for UL and only start monitoring for the trigger after that, which we illustrate in the exemplary Figure 3.
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Figure 3: Monitoring of the ‘triggering’ grants for pending two-stage UL scheduling grants starts at SF N+2
Proposal #5: After having received the ‘initial grant’ in subframe N, the UE shall start monitoring the common PDCCH for the ‘triggering grant’ starting from subframe N+2. Though, the UE might skip monitoring in known UL subframes.
One additional aspect to consider is how long the initial grant is to be valid. Clearly some restrictions in the temporal initial grant validity may be useful in order to prevent a UE missing one or more triggers grants (due to e.g. collisions on the channel) and therefore transmitting its PUSCH much later than intended by the eNB. In order to avoid such unnecessary error cases, the validity of the initial grant should be under control of the eNB. It is therefore proposed that a parameter indicating the validity of the initial grant is introduced. When the validity of the initial grant expires and the UE has yet not received a valid trigger, the corresponding initial UL grant is dropped. A new grant will need to be sent to the UE. The initial UL grant validity time does not necessarily need to be dynamically signalled in the UL grant but could e.g. be semi-statically configured by higher layers (or even be a cell-specific configuration). The validity of the initial UL grant should be counted starting from the time the UE needs to start listening for the trigger, i.e. in subframe N+2 (as by proposal #5).
Proposal #6: A new parameter indicates to the UE the validity time of the two-stage UL grant, i.e. for how many subframes the UE should be listening for a valid trigger before dropping the corresponding UL grant. The two-stage UL grant validity time is a semi-static parameter configured by higher layers. The grant validity time is defined starting 2 subframes after the reception of the initial UL grant.
The basic principles behind the 2-stage UL scheduling option proposed in this contribution are illustrated in Figure 4 for the case with multi-subframe (MSF) scheduling of M=4 consecutive subframes. However, the same principles can also apply to single-subframe scheduling using DCI formats 0A/4A.
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Figure 4: Principles of two-stage UL scheduling solution for eLAA
Last but not least, one needs to consider how to differentiate single-stage and two-stage UL scheduling for the UE as the intention would be to utilize the same DCI formats for both scheduling options. The first possibility would be higher layer configuration of either single-stage or two-stage scheduling, which would either only enable trigger based scheduling or having a single-stage scheduling with the fixed UL subframe timing relation. We think that this would be rather restrictive as such, and prefer to enable a dynamic indication in the DCI to indicate to the UE if the UL grant is having a fixed absolute timing relation (i.e. single-stage grant) or a flexible timing relation relative to the start of the UL burst (i.e. two-stage grant). For this dynamic indication the simplest way would be to add a 1-bit field to the eLAA DCI formats 0A/0B/4A/4B.

Proposal #7: Enable a dynamic indication in the eLAA UL grant if the grant is to be interpreted as single-stage grant or two-stage initial grant by adding a field of a size of 1bit to DCI formats 0A/0B/4A/4B.
3.1 HARQ process dropping rules for two-stage UL scheduling
In this section we consider some specifics that need to be considered when operating two-stage UL scheduling with multi-subframe (MSF) initial grants.

With MSF initial grants, it may happen that part of the pre-scheduled UL allocation extends until after the end of the triggered UL transmission burst. If this happens, the UE should drop transmission of any HARQ process after the end of the UL transmission burst. As illustrated in Figure 5, if UL_Tx_Start + offset + M > UL_Tx_End, then the UE drops the last [M - (UL_Tx_End – UL_Tx_Start – offset)] HARQ processes in the UL grant. 
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Figure 5: HARQ processes are not transmitted after end of one UL Tx burst
Although Figure 5 is showing the example of MSF grants, the same situation might also occur for initial single-subframe grants in case of a large offset for some UE extending beyond the UL Tx burst / eNB required MCOT. This can be generically formulated as:

Proposal #8: HARQ processes are not transmitted after the end of one triggered UL Tx burst. Pending HARQ processes are dropped and a new initial grant will need to be transmitted.
Also some clarification in terms of failed LBT is needed for the case of two-stage MSF UL scheduling. After having received a valid trigger grant, the UE still needs to perform 25us LBT in order to clear the channel and start transmitting in UL. In case of LBT failure: 

· Option 1: the UE may not start any transmission. The whole initial MSF grant is regarded as non-successful and is removed/dropped as shown in Figure 6a. A new grant will need to be sent to the UE.
· Option 2: the UE is allowed to try to get access to the channel within the triggered UL transmission burst, and to transmit the rest of the HARQ processes if LBT succeeds as shown in Figure 6b.
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Figure 6: Two-stage MSF UL scheduling in case of LBT failure
Option 2 clearly increases the channel usage and therefore should be supported:

Proposal #9: Allow the UE to start delayed transmission of the UL burst with (two-stage) MSF UL scheduling by dropping the HARQ processes of subframes with LBT failure.
Note: Dropping of HARQ processes for subframes with LBT failure generally applies to operation with MSF scheduling, i.e. proposal #9 is not only limited to two-stage UL scheduling but should also apply to single-stage multi-subframe scheduling. 
Having such dropping rules defined in proposals #8 and #9, there is a clear mapping of the pre-scheduled UL HARQ processes to UL subframes and any uncertainty at eNB or UE side can be prevented.
Observation: It is noted that with the proposed two-stage UL scheduling solution the information carried in the trigger and in the UL grant is such that there cannot be any misunderstanding between the UE and the eNB on which UL HARQ process is transmitted in which subframe.
3
Conclusion
In this contribution we discuss our proposed two-stage UL scheduling method for eLAA. We would like to summarize our discussions as follows:

· Proposal #1: Enable two-stage UL grant operation with an ‘initial grant’ containing the overall PUSCH information (incl. RA, MCS, etc.) as well as a ‘triggering grant’ with reduced latency before the intended PUSCH transmission defining the timing of the PUSCH transmission.
· Proposal #2: The ‘triggering grant’ for two-stage UL scheduling is cell-specific, common for all UEs with a pending two-stage UL grant, and signaled in the LAA common DCI.
· Proposal #3: The ‘triggering grant’ is transmitted using a single bit in the common DCI on the LAA SCell indicating whether or not the following UL transmission burst can be used for transmitting pending two-stage UL grants. Other information needed for the UE to get the timing of the UL transmission (start of the subsequent UL transmission burst and UL burst length) is obtained from Frame Structure signaling in the common DCI.
· Proposal #4: The two-stage UL scheduling solution should also support TDM of UEs. The Subframe timing field of DCI formats 0A/4A/0B/4B is reused for two-stage UL scheduling to indicate the UE-specific offset relative to the first subframe of the triggered UL transmission burst.
· Proposal #5: After having received the ‘initial grant’ in subframe N, the UE shall start monitoring the common PDCCH for the ‘triggering grant’ starting from subframe N+2. Though, the UE might skip monitoring in known UL subframes.
· Proposal #6: A new parameter indicates to the UE the validity time of the two-stage UL grant, i.e. for how many subframes the UE should be listening for a valid trigger before dropping the corresponding UL grant. The two-stage UL grant validity time is a semi-static parameter configured by higher layers. The grant validity time is defined starting 2 subframes after the reception of the initial UL grant.
· Proposal #7: Enable a dynamic indication in the eLAA UL grant if the grant is to be interpreted as single-stage grant or two-stage initial grant by adding a field of a size of 1bit to DCI formats 0A/0B/4A/4B.
· Proposal #8: HARQ processes are not transmitted after the end of one triggered UL Tx burst. Pending HARQ processes are dropped and a new initial grant will need to be transmitted.
· Proposal #9: Allow the UE to start delayed transmission of the UL burst with (two-stage) MSF UL scheduling by dropping the HARQ processes of subframes with LBT failure.
· Observation: It is noted that with the proposed two-stage UL scheduling solution the information carried in the trigger and in the UL grant is such that there cannot be any misunderstanding between the UE and the eNB on which UL HARQ process is transmitted in which subframe.
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