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1. Introduction
One of the objectives of the LAA work item phase is to agree a set of principles for UL channel access and the necessary forward compatibility mechanism so that UL for LAA SCells can be added in a future release without large modifications to the DL design [1]. In this contribution, aspects related to UL channel access are discussed and a way forward is proposed. 

2. Options for the UL framework for LAA
For uplink there are the following potential options:
1) Scheduled access

2) Unscheduled access (i.e. contention based uplink)

Since a number of LTE features such as OFDMA etc. rely on eNB based dynamic scheduling, it seems likely that LAA uplink access will in some part be based on scheduled access, in which case, the following possibilities exist for scheduling of LAA SCells in unlicensed spectrum: 

1) self-carrier scheduling

a. the scheduling grants are subject to LBT

2) cross-carrier scheduling 

a. scheduling grants are transmitted on PCell and are not subject to LBT

As noted during the study item, one aspect of 1) is that it may lead to double LBT if both the UL grant and the UE’s scheduled uplink transmissions are subject to LBT. Hence a mechanism to share the eNB’s transmission opportunity (TXOP) with the UE has been proposed in [3]. With this, the UE could perform a reduced (or even no) LBT (i.e. UE category 3 or lower) thereby helping to mitigate the impact of the double LBT issue highlighted above. However, this solution has consequences in other areas as are highlighted in the following sections. 
2.1  eNB sharing its TXOP with UEs

2.1.1  Suitability for regulatory regimes
In order to share the eNB’s TXOP with the UE using a reduced (or no) LBT at the UE, the DL and UL phase of the transmission has to fall within a TXOP window as defined by the regulatory regime. It should however be noted that the current LTE design has a minimum gap of 4ms between the reception of PDCCH grant and the transmission of the corresponding PUSCH subframe in UL. However in some regulatory regimes such as Japan [2], the maximum allowed value of the TXOP is limited to 4ms in which case, sharing of the eNB TXOP is not feasible unless the current LTE design was modified to support a reduced gap between the UL grant and the corresponding PUSCH transmission. 
Observation 1: sharing of the eNB’s TXOP with the UE may not be feasible in certain regulatory regimes such as Japan

It is therefore unclear whether a solution based solely on eNB TXOP sharing is able to meet the objective to have an UL framework that would apply globally. 
2.1.2 Flexibility in UL scheduling

In regulatory regimes where the maximum length of TXOP is larger than 4 ms, the solution to allow uplink transmissions only within the eNB’s TXOP can also carry some restrictions. Figure 1 shows an example where the maximum TXOP is 5ms, which would allow at most one uplink subframe before both eNB and all the UEs in the system will be subjected to a backoff phase. Further, in such a system there is an assumption that the eNB has enough data in the DL buffer to occupy the full DL phase. For instance, there should at least be 4 subframes worth of data in the DL buffer of eNB to fill the full DL phase in the example scenario demonstrated in Figure 1. If sufficient data is not available then TXOP sharing is not possible as another node may start transmitting in one or more of the empty subframes in between. Transmitting on all the DL subframes in every TXOP (regardless of the available data in DL buffer) will result in unnecessary transmissions on the carrier, which should be avoided.
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Figure 1: eNB TXOP sharing for uplink (5ms example)
In contrast, a system that was not based on TXOP sharing would have allowed any of the UEs associated with the system to be able transmit in UL during the backoff phase of the eNB. TXOP sharing therefore brings some constraints on uplink throughput and scheduling flexibility that are not present when TXOP sharing is not employed. 
Observation 2: eNB TXOP sharing can present constraints in uplink throughput and scheduling flexibility compared to a scheduled system not based on TXOP sharing.
2.1.3 Coexistence aspects
Coexistence with WLAN systems has been studied as part of the LAA study item and the following recommendation has been made: 

· It is recommended that the channel access framework defined in section 7.2.1.6 be adopted for LAA. The channel access framework includes a category 4 LBT scheme including random backoff and variable contention windows at least for the downlink data transmissions.
It has been well understood that an appropriately-designed category 4 LBT scheme could coexist well with neighbouring WLAN systems. However, a scheme where the eNB shares its TXOP with a potentially reduced (or no) LBT at the UE alters the topology of the system from a coexistence perspective and thus further evaluation would be necessary, in particular to assess deployment scenarios where the prevalence of nodes hidden to the eNB is significant. 
Observation 3: Further coexistence analysis would be necessary for eNB TXOP sharing to ensure that aspects regarding hidden nodes are understood and accommodated
2.2  Alternative solution for UL scheduling in LAA 

As an alternative to TXOP sharing, a straightforward solution for UL LAA is to allow an eNB to schedule its UEs in UL with a full category 4 based LBT at the UE. Such uplink transmissions would then not be restricted to specific time durations associated with the eNBs TXOP. To address the potential problem of double LBT, a simple possibility is to adopt cross carrier scheduling with grants sent using PCell in licensed spectrum. 
Observation 4: For a scheduled LAA UL that is not based on eNB TXOP sharing, the issue of double LBT may be avoided by adopting cross-carrier scheduling, with UL grants sent on the licensed PCell. Full category 4 LBT could then then be used at UE as the basis for the UL framework 
3. Conclusions and recommendations

This tdoc discusses the UL LBT framework for LAA and the following observations are made: 

Observation 1: sharing of the eNB’s TXOP with the UE may not be feasible in certain regulatory regimes such as Japan

Observation 2: eNB TXOP sharing can present constraints in uplink throughput and scheduling flexibility compared to a scheduled system not based on TXOP sharing.
Observation 3: Further coexistence analysis would be necessary for eNB TXOP sharing to ensure that aspects regarding hidden nodes are understood and accommodated
Observation 4: For a scheduled LAA UL that is not based on eNB TXOP sharing, the issue of double LBT may be avoided by adopting cross-carrier scheduling, with UL grants sent on the licensed PCell. Full category 4 LBT could then then be used at UE as the basis for the UL framework 
It is recommended that RAN1 takes these observations into account for UL LBT design for LAA. 
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