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Discussion and Decision
1. Introduction
At RAN1#78bis, the License-Assisted Access SI [1] has started and companies contributed first technical proposals on how such a LAA carrier could be looking like. 

One of the points raised by several companies (see e.g. [2]) was, that when LAA operates with resource allocation time granularity of a 1ms subframe (as traditionally done in LTE) any other unlicensed system (incl. Wi-Fi) might grab the channel in case that LAA equipment would only be able to start transmitting at the subframe borders (i.e. with a granularity of 1ms).

One option raised in [3,4,5] would be to enable the transmission of a ‘control signal’ [3], ‘busy signal’ [4], or ‘preamble’ [5], i.e. some signal that would occupy the channel between successful LBT and the start of the next LTE subframe when operating LAA according to Load based Equipment (LBE) type of LBT. Based on discussions, the following related agreement could be reached at RAN1#79 [6]:
Agreements:
•      DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA 

–     At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel

•      This does not imply the data transmission can start only at the subframe boundary

•      Possible restriction on starting position of data transmission can be considered

•      The duration of this signals(s) is part of the maximum transmission duration

•      The content/additional function/duration of this signal is FFS

–     This does not imply network synchronization
In this contribution, we discuss the use of such signals to reserve the channel which we generically denote as ‘reservation signal’ in here that might be part of a partial subframe transmitted at the beginning of an LAA transmission. This is a modified resubmission of [7].
2. Reservation signal principle & properties
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The purpose of reservation signal is basically to occupy/reserve the channel till the start of a next full LTE/LAA subframe as illustrated in Figure 1, by enabling a partial subframe to be transmitted at the beginning of a transmission burst to at least reserve the channel:
Figure 1: Partial subframe LAA operation principle.
Therefore, the LAA node (e.g. eNB) would start transmitting the partial subframe to reserve the channel as soon as the channel has been sensed to be available till the beginning of the next full, valid subframe. 

Looking at the partial subframe a few properties can be noted:

Partial subframe signal granularity

In order to start transmitting immediately, the partial subframe to at least reserve the channel might not just contain full LTE OFDM symbols but might contain also signals shorter than the LTE OFDM symbol duration [5].
In case the partial subframe would only contain full OFDM symbol durations, Wi-Fi with its much shorter symbols and flexible timing might have again already grabbed the channel. Moreover, the min. CCA duration based on ETSI rules is in the order of ~20us. Therefore, a granularity of lower than a LTE OFDM symbol (of about ~20us) is needed for the partial subframe in order to operate efficiently.

Reservation signal overhead

As the successful LBT can basically happen at any point of time, the average partial subframe length will be 0.5ms with a range of [0, 1ms]. In case the partial subframe would not contain any useful information and only be used to reserve the channel, the partial subframe would need to be fully considered as overhead and interference and could be fully considered entirely as a reservation signal.
Taking e.g. the Japanese regulation into account (with a maximum channel occupancy time of 4ms), the partial subframe would result in an average overhead of 0.5/3.5 ~ 14% if only used to reserve the channel (i.e. partial subframe would only be a reservation signal). Also, fair coexistence with Wi-Fi may require that the channel occupancy time is not too much longer than the max. Wi-Fi burst duration, which would also result in comparable overhead. Therefore, the partial subframe should preferably carry some useful information and not just represent overhead and interference, i.e. should not just be used as reservation signal.

The discussions above can be summarized in the following observation:

Observation 1:

· The time granularity of the overall partial subframe to be transmitted at the beginning of a transmission burst to at least reserve the channel till the next subframe boundary needs to be smaller than the LTE OFDM symbol duration in order to have fair chances to access channel in comparison to Wi-Fi. A granularity of ~20us seems feasible considering also the min. CCA duration according to ETSI regulation.
· In case no useful information is contained in the partial subframe transmission, the partial subframe is to be regarded as overhead only and should be considered entirely as a reservation signal, and wasting channel time of half a subframe duration (i.e. 0.5ms) on average.

In the next section we discuss based also on [3,4,5] how the partial subframe could be used to contain also some useful information.
3. Partial subframe signal partitioning and content
As noted in [5], there is the option to partition the partial subframe into full OFDM symbols and a fractional part (shorter than an OFDM symbol), as shown below in Figure 2:
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Figure 2: Partial subframe consisting of fractional and full OFDM symbols.

For the fractional part, again two basic options exist:

· The fractional part does not contain any useful information and is just there to ‘hold’ the channel (i.e. to be considered as overhead). In that case, any kind of fractional OFDM symbol signal could be transmitted and therefore, the fractional part can be considered as implementation specific. Nevertheless, the partial subframe overall (fractional as well as the full OFDM symbol part) needs to fulfill regulatory requirements in terms of TX power and minimum occupied bandwidth.
· Alternatively, the fractional part may carry some elementary information such as a preamble / sequence supporting e.g. transmitter identification.
In principle, if some signals are transmitted anyway, it makes sense to design those signals to carry some useful information. Therefore our tentative preference is the latter option.
For the full OFDM symbols, basically any kind of useful information can be carried on these OFDM symbols, including:

· Control information (discussed in [3])
· Preamble [5] for transmitter identification (discussed in [5])
· Preamble [5] in support of synchronization or reference signals (comp. Wi-Fi preamble principles)

· .. or even data (i.e. PDSCH/PUSCH)

The discussions on fractional and full symbols can be summarized in the following observations:
Observation 2:

· The partial subframe to be transmitted till the beginning of the following full subframe is to consist of full OFDM symbols and fractional OFDM symbols. 

· The fractional symbol part should preferably be able to carry some kind of useful information or at least have an additional purpose in addition to hold the channel.

· The full OFDM symbols of the partial subframe may in principle be used to transmit control information, enable transmitter identification, aid synchronization, provide a demodulation reference or contain useful user packet data. 
At RAN1#80 [8], there has been already a decision that the first part of the partial subframe should contain some useful signals which is clearly in line with our related observations and proposals:

Agreements:
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· Note that it is not precluded the same signal is used for all above and possibly other functions

With all the possible usage of the full OFDM symbols one thing not to be forgotten in the design is that the information carried in the partial subframe cannot be essential for the system operation, as otherwise again the overhead cannot be reduced. In other words, the system design should not rely on an assumption that the partial subframe shall be transmitted as a part of each transmission burst. Let us for example assume that the partial subframe carries essential information (as control or demodulation reference) and needs to be at least one full OFDM symbol. In case the LBT is successful just before the subframe boundary, this information could then not be sent before the full subframe and another full subframe would then be wasted as the UE would require this essential information as part of the partial subframe in order to decode the data also in full subframes. Thus, only additional information that is not essential for the UE for the decoding of the following full subframes should be carried as part of the partial subframe.
Just as an example, the partial subframe part before a full subframe might contain additional data, reference signals, sync signals etc. as long as these signals are not needed/essential for the decoding of the following (full) LAA subframes. One way to make this possible would be through UE buffering where some control information in the full LAA subframe could indicate the additional content available in the reservation signal part, which would be processed afterwards.
Observation 3: In order to decrease the overhead of the reservation signal, the partial subframe can carry only information that is not required for the sequential decoding of the following full subframes, i.e. the system design should not rely on the presence of the partial subframe in each transmission burst. 

Based on the above’s discussion, we would like to make the following proposals that are to be considered when designing reservation signals for LBE type of LAA operation:
Proposal 1: The partial subframe transmitted till the start of the following full subframe to have a time granularity lower than the LTE OFDM symbol duration (e.g. in the order of ~20us).

Proposal 2: In order to restrict the induced overhead, the partial subframe is to contain useful information which is not essential for the decoding of the following full LAA subframes.
4. Summary
In this contribution, we discuss option of a ‘reservation signal’ to ‘grab and hold’ the channel till the following subframe boundary. Based on the discussions in this contribution, the following observations are made:

Observation 1:

· The time granularity of the overall partial subframe to be transmitted at the beginning of a transmission burst to at least reserve the channel till the next subframe boundary needs to be smaller than the LTE OFDM symbol duration in order to have fair chances to access channel in comparison to Wi-Fi. A granularity of ~20us seems feasible considering also the min. CCA duration according to ETSI regulation.

· In case no useful information is contained in the partial subframe transmission, the partial subframe is to be regarded as overhead only and should be considered entirely as a reservation signal, and wasting channel time of half a subframe duration (i.e. 0.5ms) on average.

Observation 2:

· The partial subframe to be transmitted till the beginning of the following full subframe is to consist of full OFDM symbols and fractional OFDM symbols. 

· The fractional symbol part should preferably be able to carry some kind of useful information or at least have an additional purpose in addition to hold the channel.

· The full OFDM symbols of the partial subframe may in principle be used to transmit control information, enable transmitter identification, aid synchronization, provide a demodulation reference or contain useful user packet data. 

Observation 3: 

· In order to decrease the overhead of the reservation signal, the partial subframe can carry only information that is not required for the sequential decoding of the following full subframes, i.e. the system design should not rely on the presence of the partial subframe in each transmission burst.
Based on these observations we would like to bring the following proposals forward:

· Proposal 1: The partial subframe transmitted till the start of the following full subframe to have a time granularity lower than the LTE OFDM symbol duration (e.g. in the order of ~20us).

· Proposal 2: In order to restrict the induced overhead, the partial subframe is to contain useful information which is not essential for the decoding of the following full LAA subframes.
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