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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the justification of uplink reservation signal (aka initial signal) for eLAA. Uplink reservation signal allows the UE to reserve the channel immediately after sensing the channel as idle until the time position when the intended uplink physical channels/signals can start. Furthermore we propose a simple solution of generating the uplink reservation signal by cyclic extension of the succeeding OFDM symbol which prevents the Out-Of-Band (OOB) emission increase, if uplink reservation signal should be allowed.
[bookmark: _Ref129681832]Justification of reservation signal for eLAA
Reserving the channel until the time positions of the intended physical channels/signals
Downlink reservation signal was supported in LAA, which allows the eNodeB to transmit a signal not containing any information for the UE. The current downlink channel sensing framework, e.g., at least for Cat.4 LBT, does not ensure the eNodeB always senses the channel as idle at the allowable transmission start time for the physical channels or signals, i.e., subframe/slot boundary. Downlink reservation signal is used to reserve the channel until the subframe/slot boundary and is transmitted immediately after sensing the channel as idle. Otherwise the eNodeB has to wait until the subframe/slot boundary, e.g., by self-deferral, which may cause other contending devices, e.g., WiFi, to take the channel and eventually cause unfairness to this eNodeB. Therefore, it is allowed to transmit a downlink reservation signal to address the misalignment of channel sensing ending time and the downlink transmission start time. The downlink reservation signal is not given by the specifications.
There is a similar situation in eLAA which incurs misalignment of channel sensing ending time and the uplink transmission start time. eLAA supports Cat-4 LBT, as agreed in RAN1 #84 [1]:
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Condition and restriction on when these options are used
eLAA also supports different start time positions for PUSCH transmission in an UL subframe, i.e., symbol 0 or symbol 1, as agreed in RAN1 #84bis [2]:
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted from 
· Start of DFTS-OFDM symbol 0 or
· Start of DFTS-OFDM symbol 1
· FFS: Within DFTS-OFDM symbol 0
Therefore the justification of uplink reservation signal is the same as downlink reservation signal, i.e., reserving the channel until the time positions when the intended physical channels/signals can start. Given the time misalignment between channel sensing ending time and the uplink transmission start time is caused by the usage of Cat-4 LBT, the uplink reservation signal is applicable to an uplink burst followed by a Cat-4 LBT, which could be an uplink burst containing PUSCH. For an uplink burst containing SRS without PUSCH or an uplink burst containing PRACH without PUSCH, the reservation signal can be avoided if a Cat-2 LBT with a single sensing interval immediately followed by SRS/PRACH is applied.  

Support of UE Multiplexing
A benefit of eLAA is UE multiplexing in the uplink by FDM or MU-MIMO. One may argue the uplink reservation signal would cause UE multiplexing issue. In case one UE transmits the reservation signal, the other UE may detect the energy and interpret the channel as busy, which means the UE multiplexing is not well supported. This may be not an issue if we consider that the transmission of uplink reservation signal is supported together with UE multiplexing techniques, i.e., narrowband sensing [3] or common CCA counter.   
In case of narrowband sensing, the reservation signal is transmitted in the assigned PUSCH resource which is frequency separated with other UEs. A sensing UE will ideally not sense any energy in its assigned frequency resource and therefore will not be impacted by the reservations signal from a different UE.
In case of common CCA counter, the eNodeB indicates a common CCA counter value to all the scheduled UEs while the scheduled UEs may start the channel sensing procedure simultaneously (e.g. from the start of UpPTS or the start of PUSCH symbol 0 associated with the scheduled subframe) with the same counter value. In this way the UE may reach CCA counter zero and start the transmission at the same time. If the scheduled UEs start the transmission at the same time, there is no impact to UE multiplexing by transmitting reservations signals, as all the scheduled UE already take the channel (See Figure 1). 



Figure 1.  Example of UE multiplexing with reservation signal in case of common CCA counter where the CCA procedures end simultaneously.

In some cases, UEs may experience different interference implying that the CCA does not end simultaneously, which basically means that common CCA counter does not completely result in TX start alignment. Even in this case it would be expected that a few UEs may still be able to access the channel simultaneously given similar interference conditions. In any case, at least one UE will be able to occupy the channel.   
Design of reservation signal for eLAA
Downlink reservation signal is left to eNodeB implementation as it does not provide essential information for the UEs to decode. It is up to eNodeB to ensure the system performance and the critical requirements, e.g., the out-of-band emission, could be met, preferably with low implementation complexity.
Uplink reservation signal, on the contrary, shall be specified and not be up to UE implementation, in order to achieve stable system performance. By principle, UEs should not be allowed to transmit unspecified signals at their own discretion. Specifically, the uplink reservation signal, similarly as the downlink reservation signal, does not necessarily always start from the DFT-S-OFDM symbol boundary, which may result in critical OOB emission problem in case of a significantly reduced symbol duration [4]. The duration of the reservation signal could be arbitrarily short. This makes it difficult to design a generic reservation signal with predictable OOB and PAPR properties. A simple solution of generating the uplink reservation signal is to cyclically extend the first DFT-S-OFDM symbol of a burst containing PUSCH, as in Figure 2. Note that the first DFT-S-OFDM symbol of a burst containing PUSCH may be a PUSCH symbol (e.g. symbol 0 or symbol 1), or a non-PUSCH symbol specified explicitly (e.g. DMRS or SRS). 
The advantages of the design for the uplink reservation signal are:
· Low-complexity DFT-S-OFDM symbol generation. The existing DFT-S-OFDM symbol generation in the UE can be directly reused as the uplink reservation signal can be seen as an extended part of the first complete DFT-S-OFDM symbol for PUSCH. No specification impact for the baseband signal definition is needed.
· Reduced OOB emission. The prolonged DFT-S-OFDM symbol results in decreased OOB emission due to increased symbol duration, as shown in [4]. Therefore, no new spectral suppression methods are needed in the UE and the existing implementation margins may be kept. 



Figure 2.  Reservation signal generated as a cyclic extension of the first symbol of a burst containing PUSCH. 
Proposal: The uplink reservation signal is specified and generated as a cyclic extension of the first symbol of a burst transmission containing PUSCH.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the introduction of the uplink reservation signal is discussed. The justification of the uplink reservation signal is to reserve the channel until the time positions when the intended physical channels/signals can start. It is shown that the support of UE multiplexing is not affected by the uplink reservation signal, if narrow band sensing or common CCA counter is used. A simple design by cyclic extension of the first symbol of a burst containing PUSCH to generate the uplink reservation signal is discussed, with low complexity and reduced OOB emission. It is proposed: 
Proposal: The uplink reservation signal is specified and generated as a cyclic extension of the first symbol of a burst transmission containing PUSCH.
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