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1
Introduction
In this previous RAN1 meetings and in the email discussion after RAN1 #85, cross TxOP scheduling for eLAA based on a two stage grant was discussed. The current status of the proposal from the email discussion is copied below. 
· Introduce two-staged grant based operation for scheduling UL PUSCH in eLAA

· First grant provides all the scheduling information for constructing the packet (actual timing is not indicated)

· The timing of UL transmission relative to the trigger is indicated by the “timing/offset field” in the first grant

· Grant based trigger can be used to indicate/derive the actual transmission timing

· The time between the 2nd trigger and UL transmission can be smaller than 4ms (e.g. 1ms or 2ms). 

· The trigger can be transmitted using [1/2] bits in the PDCCH DCI scrambled with CC-RNTI 

· Note: 2 bits can trigger one out of three different groups and also indicate no UL transmission. 1 bit can indicate whether UL transmission for all UEs is performed or not  (i.e. all UEs belong to one group)

· FFS: How the start and duration of UL burst is indicated to the UEs (e.g. in the common DCI)
· FFS: details of LBT mechanism
· FFS: Configuration of such a scheduling mode for UL 
· FFS: Indicate transmission burst ID, e.g., n-bit toggling
In this document, we further discuss details on the two stage grants.

2
Cross-TxOP scheduling

2.1
Background

RAN1 already that UL subframes can be scheduled as part of a TxOP. It was also agreed that there could be gap between transmission within a transmission burst and the gap duration is not counted towards the TxOP duration. This provides a mechanism to overcome the 4ms delay between UL grant and UL transmission. An alternative strategy to achieve this is by scheduling UEs from the previous transmission burst. 
2.2
Concept
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Figure 1: Cross TxOP scheduling demonstrating the full utilization of UL resources in various UL traffic scenarios.

As shown in Figure 1, cross TxOP scheduling enables the eNB to pre-schedule UL transmissions from an earlier TxOP and thus circumvent the constraints due to the 4ms scheduling delay and also avoids the issues with a paused TxOP. This implies that the timing of UL transmission is floating (not indicated as part of the UL grant) and is a function of the next detected DL transmission. 

The detected DL transmission includes a trigger mechanism which indicates

1. Whether the UE may transmit on the UL. 

2. If triggered, when the UE should it transmit on the UL. 
Once triggered, the UEs may then perform 25us LBT for channel access. If the UL grant indicates another LBT type, then UE can switch to 25us LBT.  
2.3
UE implementation and constraints

The trigger based cross-TxOP scheduling consists of two key components

1. UL grant which is transmitted at least 4ms is advance which contains all the information which is needed to construct the packet at the UE. Note that this grant should also include whether UE needs to carry CSI multiplexing with PUSCH. 

2. Trigger at least 2 subframes earlier than UL transmission to enable the UE to decode and process the trigger and construct the physical layer waveform including subframe specific components such as scrambling, DMRS generation etc.

Proposal

1. Support cross-TxOP scheduling with triggered grants enabling UL transmission 

2. The trigger is sent at least 2 subframes in advance of expected UL transmission 
3 
Signalling needed to implement cross-TxOP
· 1 bit in the UL DCI to indicate whether the UL grant is for fixed timeline or cross-TxOP grant. For a cross-TxOP grant, the transmission delay field indicates the delay to be used by the UE after receiving the grant. Note that UE may receive some grants which are transmitted as part of the current TxOP and some grants which are triggered for the next TxOP. 

· UE group ID for cross-TxOP scheduling is indicated by RRC signalling. We propose a maximum of 3 different UE groups for cross-TxOP scheduling. 2 bits in the CPDCCH indicates the following scenarios: (a) UL grant is not triggered and (b) One of three different UE groups which is triggered for UL transmission. 
· If the grant is not triggered after a configured amount of time, then the UL grant is dropped for that HARQ ID. The timer is configured by RRC signalling. 
4


Conclusions 

Proposal

1. Support cross-TxOP scheduling with triggered grants enabling UL transmission.

2. The trigger is sent at least 2 subframes in advance of expected UL transmission.

3. The following signalling can be used to implement cross-TxOP signalling
a. 1 bit indicates whether grant is fixed timeline or cross TxOP grant.
b. UE group ID using RRC signaling. 2 bits in the CPDCCH.
c. RRC configured timer to indicate grant expiry after a certain duration. 
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