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1
Introduction
In current LTE UL, there is a 4ms delay between the reception of the UL grant and UL transmission on the licensed carrier. However, due to the unlicensed nature of transmission, there is a limit on the total amount of time that the medium can be occupied. For example, LAA Rel-13 specifies a maximum TxOP duration of 8ms while ETSI BRAN is currently discussing a TxOP duration of 6 and 8ms. In addition, each UE may need to perform at least a short LBT before transmitting on the medium and medium access has to be synchronized to the subframe boundary introducing additional restrictions for UL transmissions.
In this document, we discuss various aspects of scheduling UL transmissions in LAA. 
2
Control for UL scheduling
In this section, we first discuss the issues with UL scheduling for LAA and propose several solutions. 
2.1
Scheduling with limited TxOP duration and 4ms delay
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Figure 1: 6ms TxOP for LAA showing the limited UL capacity available when only self-scheduling for the UL in every TxOP.

In this basic scheduling scheme, an eNB schedules its UL transmissions in a TxOP using DL subframes transmitted earlier during the transmission burst. Based on the current LTE spec, there is at least a 4ms delay between the transmission of an UL grant from the eNB and UL transmission from the UE. As shown in Figure 1, given that LAA will have TxOPs most likely around from 6ms to 8ms, a 4ms delay in scheduling from the TxOP implies that the UL capacity can be limited by the scheduling constraint. Even with an 8ms TxOP, it can be easily inferred from the above picture that the UL capacity can never exceed DL capacity (measured in the number of subframes available) for LAA using the above scheduling scheme for the UL.
Thus, while self-scheduling for UL within the TxOP is a viable scheduling method in scenarios with light to moderate UL traffic, it does not address the use case of roughly symmetric traffic between DL and UL (as UL has to perform a short LBT even after eNB performs eCCA and hence may miss out on some scheduled transmit opportunities) and UL heavy traffic. 
Although the 4ms delay causes some limitations, we propose to reuse this existing same HARQ timing assumption for the LAA UL in order to avoid requiring completely new device development.  We also propose to address the resulting limitations by other means as described in the remainder of this contribution. 
Proposal 1:  Reuse the existing timing of ≥ 4ms between UL grant and UL transmission for LAA. 
2.2. 
Paused TxOPs and multi-TTI scheduling for UL
One potential solution to overcome the constraints imposed by the 4ms scheduling delay for UL is to introduce the notion of a paused TxOP. In a paused TxOP, the DL transmission lasts less than 4ms and the UL part of the TxOP is restarted at a later duration by the UEs when there is sufficient gap between the reception of the DL grant and the current subframe. This ensures that even in scenarios with UL heavy traffic, UL traffic can be transmitted by the UEs by efficiently utilizing the TxOP. 
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Figure 2: Paused TxOP enables UL heavy scenarios
To enable paused TxOP based operation, LAA needs to introduce the notion of multi-TTI grants. When using multi-TTI grants, each DL subframe can schedule more than one UL subframes and thus this enables a smaller number of DL subframes to schedule a larger number of UL subframes. Such a scheduling operation can be considered as a generalization of the multi-TTI grants used for scheduling in TDD frame format 0, where some DL subframes may schedule up to 2 UL subframes. 
However, as can be seen from Figure 2, there can be a gap of several ms between DL and UL transmissions during which other nodes can occupy the medium. This denies the UEs the opportunity to efficiently utilize the UL subframes when there are several contenders for the channel. 

2.3 
Cross TxOP scheduling
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Figure 3: Cross TxOP scheduling demonstrating the full utilization of UL resources
An alternative scheduling strategy to enable flexible UL scheduling is have the eNB schedule UL transmissions from an earlier TxOP. As shown in Figure 3, 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. Cross TxOP scheduling may also be coupled with multi-TTI scheduling to have a unified scheduling framework. 
2.4 
Cross-carrier scheduling from licensed carrier
As discussed in the LAA TR [1], scheduling UL transmissions on the unlicensed carriers from a licensed carrier can provide an alternative solution to self-scheduling from the licensed carrier. For cross-carrier scheduling, the eNB can send a series of UL grants on the licensed carrier and the UE can perform LBT (either one shot or ECCA) before it can transmit on the UL. This provides a mechanism to overcome the difficulties due to the 4ms delay between UL grant and transmission. 
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However, cross carrier scheduling introduces additional complexity at the UE side by increasing the number of blind decodes at the UE side, due to the decoupling between DL and UL scheduling for the unlicensed carrier. For example, using decoupled DL and UL grants requires the UE to perform 

1. At least 2 common search space candidates on the unlicensed carrier
2. 32 blind decodes in the UE specific search space on the unlicensed carrier for transmission mode specific and fall back mode grants for DL

3. 16 blind decodes (32 blind decodes with UL MIMO) in the UE specific search space on the licensed carrier for each unlicensed UL carrier configured.

This significantly increases the number of blind decodes that have to be performed at the UE side due to the split search space between the licensed and unlicensed carriers.

One possible solution to reduce the number of blind decodes at the UE side is to size match the grants on the licensed carrier to one of the existing formats or sharing the search space across licensed and unlicensed carriers. 
Proposal 2: We propose that RAN1 investigate further solutions to reduce the blind decoding complexity at the UE side when decoupled DL and UL grants are adopted for unlicensed carriers.
We note that in this scenario, to reduce the PDCCH overload on the licensed carrier for scheduling UL grants, it should be allowed to schedule DL grants from the PDCCH in the unlicensed carrier while UL grants may be scheduled from EPDCCH on the licensed carrier. Note that the choice of the scheduling channel has also an impact on the feasibility of reducing the number of blind decodes at the UE. 
2.4.1
Cross carrier scheduling with enhancements
Scheduling UL carriers from the licensed carrier may increase the control load on the licensed carrier, especially when scheduling a large number of unlicensed UL carriers and users. One possible solution to reduce the scheduling load on the licensed carrier is to use semi-persistent scheduling on the UL. 
In this technique, the eNB configures the UE with most of the scheduling parameters such as MCS, RB allocation etc. on a longer term using mechanisms such as SPS. The eNB then uses a short trigger grant (either transmitted in the licensed or in the unlicensed spectrum) to trigger a transmission from a chosen set of UEs.
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Figure 4: SPS grant for the PCell. Trigger grant (group UL grant) is transmitted after eNB performs ECCA on the unlicensed carrier.
Such a trigger grant may be sent in the unlicensed carrier after the eNB has performed an ECCA. This ensures that the UE can perform a one shot LBT (25us), before starting its transmission on the unlicensed UL.
Proposal 3:  Consider using a trigger grant from the unlicensed carrier with possibly less than 4ms delay to enable the UE to perform a one shot LBT (25us), before starting its transmission on the unlicensed UL 

Several solutions may then be considered for subframe specific parameters such as HARQ ID, NDI, RVID, A-CSI triggering, TPC etc. 

1. Such parameters are explicitly signalled using a smaller grant for each subframe. As the size of such a grant is much smaller than the original UL grant, more such grants could be accommodated on the licensed carrier, thus reducing the control load.

2. UE autonomously determines the parameters and signals them to the eNB via UCI embedded along with a PUSCH transmission. 

2.4.2
Handling on non-transmitted TBs

If certain TBs are not sent on the UL due to an unsuccessful LBT at the UE, then the recovery for such TBs is a function of the how UL grants work for LAA. If the eNB controls each transmission, then the eNB may send successive grants (or in a later TxOP) to receive TBs which were not transmitted due to unsuccessful LBT.

In order to avoid holes in the transmitted sequence of packets, it may be considered that the UE should transfer the data contents of an unsuccessful new data transmission to the next available new data transmission.  We propose that such a functionality should be only considered feasible if the parameters (TBS, MCS, number of RBS, etc.) are identical between the source and target subframes. 

Proposal 4:  Transferring the data contents of an unsuccessful new data transmission to the next available new data transmission should be only considered feasible if the parameters (TBS, MCS, number of RBS, etc.) are identical between the source and target subframes.

Alternatively, in the case of UE autonomously determines parameters, the UE can prioritize previous unsuccessful transmissions over new ones. However, in this case, some indication of the chosen parameters (e.g. HARQ ID) needs to be implemented requiring the definition of some new channels multiplexed with the PUSCH. Introducing such channels add to the specification complexity. 
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Conclusions
In this document, we discuss various aspects of UL control and transmission for LAA. We start with a simple scheduling scheme and then propose various enhancements to overcome some of the drawbacks of these basic schemes. We then discuss some techniques to reduce the number of blind decodes at the UE due to the proposed UL scheduling schemes.
The following proposals have been made:

Proposal 1:  Reuse the existing timing of ≥ 4ms between UL grant and UL transmission for LAA. 
Proposal 2: We propose that RAN1 investigate further solutions to reduce the blind decoding complexity at the UE side when decoupled DL and UL grants are adopted for unlicensed carriers.
Proposal 3:  Consider using a trigger grant from the unlicensed carrier with possibly less than 4ms delay to enable the UE to perform a one shot LBT (25us), before starting its transmission on the unlicensed UL 
Proposal 4:  Transferring the data contents of an unsuccessful new data transmission to the next available new data transmission should be only considered feasible if the parameters (TBS, MCS, number of RBS, etc.) are identical between the source and target subframes.
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