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1. Introduction
RAN2 will address protocol enhancements during the study item on Licensed-Assisted Access – LAA [1]. In this contribution, we outline some of the aspects relevant to RAN2 in this work.  
2. Discussion
RAN1 has noted the importance of a Listen Before Talk (LBT) mechanism as a way of ensuring fair sharing with other unlicensed technologies [4]. LBT is also mandated in certain jurisdictions [3]. Hence, in the following discussion, it is assumed that LAA transmissions are subject to Listen Before Talk (LBT). In other words, the unlicensed spectrum may not be permanently available for LTE transmissions.
2.1 LAA SCell addition/removal and mobility aspects

Addition and removal, activation and deactivation and mobility control of LAA SCells may be assumed to be done based on Carrier Aggregation (CA) principles. Since downlink transmissions on LAA SCell may be gated by the LBT rules, measurements performed on these SCell frequencies need to take into account the non-continuous nature of transmissions. Given that SCell ON/OFF mechanisms may also result in similar impacts, it is unclear whether any new mechanisms are needed to handle LAA in this regard. It is necessary to understand the physical layer details of the LAA SCell design based on RAN1 work before making any conclusions on detailed measurement impacts and to understand if any new mechanisms are needed for LAA. 

Proposal 1: CA based mechanisms for SCell addition and mobility control will be reused for LAA and RAN2 will wait for the physical layer aspects of LAA to be better established before discussing any new measurement procedures 
2.2 Scheduling aspects of LAA 
2.2.1 Downlink scheduling aspects
LAA will be based on the Carrier Aggregation (CA) architecture and principles. Both cross-carrier and in-band scheduling (i.e. PDCCH on SCell) are currently feasible in CA. Since LAA transmissions are subject to LBT rules, unlike licenced spectrum, not all downlink subframes on an LAA SCell may be available for transmission. Cross carrier scheduling will ensure that the PDCCH can always be delivered on the PCell’s DRX-ON subframes. On the other hand, in-band scheduling using PDCCH on SCell may result in some of the DRX-ON subframes being unavailable for downlink transmissions (e.g. due to LBT rules) and hence may increase the latency and/or UE power consumption. It should however also be noted that the presence of PDCCH grants in the PCell (in the case of cross carrier scheduling) doesn’t necessarily mean that corresponding transmission in the LAA SCell is guaranteed (again due to LBT rules). Hence, new procedures may be needed to handle these scenarios. RAN2 should discuss the pros and cons of these scheduling strategies and agree on a way forward on the downlink scheduling strategies for LAA. 

Proposal 2: RAN2 should study the pros and cons of cross-carrier and in-band scheduling for LAA downlink and agree on any new procedures needed for downlink scheduling in the case of LAA
2.2.2 Uplink scheduling aspects 

RAN1 are currently investigating downlink only LAA as a priority. However, uplink LAA is also within the scope of the agreed study item. In the case of uplink, it can be assumed that the UE transmissions are subject to the LBT rules. Different uplink scheduling strategies are then possible: 
· Uplink transmissions in LAA SCell are dynamically scheduled by the eNB on a per subframe basis 
· Both cross-carrier and in-band scheduling are feasible 

· An uplink transmission is gated both by an uplink grant and by LBT mechanisms at the UE. Hence, this means that not all uplink grants may result in transmission on the scheduled uplink subframe
· Mechanisms may be necessary to handle scenarios where a granted resource in the uplink SCell is unavailable for transmission in this case
· Uplink transmissions in LAA SCells are semi-statically scheduled by the eNB but are subject to LBT rules at the UE
· In this case, dynamic grants on PDCCH are not required but the UEs have to access the uplink on a contention basis 

· Again new mechanisms are needed for the UE and eNB to handle the contention based uplink if this way forward is chosen

Based on the above, the following proposals are made:
Proposal 3: RAN2 will need to discuss the principles of uplink scheduling for LAA including dynamic scheduling and contention based scheduling alternatives
Proposal 4: RAN2 should study the pros and cons of cross-carrier and in-band scheduling for LAA uplink and agree on any new procedures necessary for the agreed scheduling mechanism(s)
2.3 In-device coexistence (IDC) aspects

LAA is targeting unlicensed spectrum in the 5GHz band.  Currently UEs have RF hardware for 5GHz bands and this is used for Wi-Fi. It is possible that future UE architectures will reuse or share part of the 5GHz hardware for LAA operation. Contention for UE’s hardware resources may hence exist between LAA and Wi-Fi (or other unlicensed technologies). In these cases, it is important to factor-in the user’s preference for how the UE’s hardware resources should be prioritised. Signalling mechanisms are needed to resolve the contention between LAA and Wi-Fi over the 5GHz hardware within the UE. Whilst Rel-11 IDC solutions may be partly relevant, these address only interference issues and new mechanisms may be needed to handle the contention over the UE’s physical hardware resources. The following proposals are recommended to be agreed in this regard. 
Proposal 5: It is proposed that IDC aspects for both UE architectures that do and do not share the 5GHz hardware between LAA and other unlicensed technologies are considered in LAA study
Proposal 6: User preferences on the use of UE hardware resources will need to be taken into account in the case of conflict between LAA and other unlicensed technologies for these resources.  Suitable mechanisms (e.g. based on Rel-11 IDC) will need to be investigated.
3. Conclusion and recommendation
A list of issues relevant for RAN2 to study as part of LAA are discussed in this contribution. The following proposals are recommended to be agreed by RAN2. 

Proposal 1: CA based mechanisms for SCell addition and mobility control will be reused for LAA and RAN2 will wait for the physical layer aspects of LAA to be better established before discussing any new measurement procedures 
Proposal 2: RAN2 should study the pros and cons of cross-carrier and in-band scheduling for LAA downlink and agree on any new procedures needed for downlink scheduling in the case of LAA
Proposal 3: RAN2 will need to discuss the principles of uplink scheduling for LAA including dynamic scheduling and contention based scheduling alternatives
Proposal 4: RAN2 should study the pros and cons of cross-carrier and in-band scheduling for LAA uplink and agree on any new procedures necessary for the agreed scheduling mechanism(s)
Proposal 5: It is proposed that IDC aspects for both UE architectures that do and do not share the 5GHz hardware between LAA and other unlicensed technologies are considered in LAA study

Proposal 6: User preferences on the use of UE hardware resources will need to be taken into account in the case of conflict between LAA and other unlicensed technologies for these resources.  Suitable mechanisms (e.g. based on Rel-11 IDC) will need to be investigated.
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