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1 Introduction
During RAN1#79 meeting, some agreements were reached as the following [1]:
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

Here, some signal(s) can be reservation signal which is/are used to occupy the unlicensed carrier to prevent it to be occupied by other nodes. In this contribution, we share our views on reservation signal design.
2 Motivations
In LBE [2], when an LAA node has successfully assessed a clear unlicensed carrier but if the LAA node does not transmit anything because it does not align to a subframe boundary or a symbol boundary, then the unlicensed carrier might be occupied by other nodes. To keep hold of the unlicensed carrier, the best way is to transmit something right after successfully assessing a clear unlicensed carrier to reserve the unlicensed carrier. However, the reservation signal will take some period of time (e.g., a fractional symbol and/or one or more integral symbols) as illustrated in Figure 1. This period is an overhead to the total available channel occupancy time. It would be beneficial if this period can also be used for other purposes. For example, during this period, some useful information can be sent to help UE to access the unlicensed carrier. 
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Figure 1   Example of reservation signal (with a GP added when transition from receiving to transmitting)
3 Functionality of reservation signal
3.1 To reserve an unlicensed carrier
This is the primary function of the reservation signal.  According to the Europe regulation [2], the Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. Obviously, the reservation signal should follow this regulation. Otherwise, if the Occupied Channel Bandwidth of the reservation signal is too narrow (e.g., 1.08MHz as of PSS/SSS), then the bandwidth out of the reservation signal might be occupied by other radio node. Similarly, if the Occupied Channel Bandwidth of the reservation signal is wide enough (e.g., 16MHz out of 20MHz Nominal Channel Bandwidth) but the power spectrum density is too low, then the unlicensed carrier might be captured by other radio node as well.

3.2 Synchronization

As discussed in our companion contribution [3], due to different frequency of Pcell and LAA Scell, independent synchronization of Scell is still needed. If the reservation signal is constructed by some kind of modified PSS (SSS) or multiple copies of it (in frequency / time domain), then the reservation signal can also serve as synchronization signal.

Not only UEs can utilize the reservation signal for synchronization, if a nearby LAA eNB can “recognize” the reservation signal after listening to other neighbor nodes, then synchronization between them may be achieved. The resources coordination between them may be viable after that.
In the uplink of an unlicensed carrier, the reservation signal can serve as uplink synchronization signal.
3.3 Measurement
The reservation signal can also serve as an aid for UE channel estimation (e.g., timing, frequency error correction, etc.) but it might not be accurate. If the reservation signal is constructed by CRS (CSI-RS), then the reservation signal can also serve as CSI measurement (CQI/PMI/RI) or RRM measurement signal (RSRP/RSRQ).

It may be argued because of the limited time of the reservation signal, this kind of measurement might not be accurate. However, as discussed in our companion contribution [3], more reference signals for measurement can improve the overall accuracy when results are combined with reference signals in normal subframes. Furthermore, a quick and short measurement on reservation signal may function as an initial measurement to reduce the latency of waiting for UE feedback before actual data transmission.  
3.4 Gap for AGC tuning in a receiver
There is a period for a receiver to tune its AGC related circuit, especially, in an unlicensed carrier. Because of high frequency in 5GHz band, it is not easy for a receiver to tune its AGC very quick. If there is an uplink transmission in the LAA, then the GP used in the LTE TDD special subframe might not work because other system might take over the unlicensed carrier during that GP. The best way is to transmit a reservation signal.
3.5 To identify an LAA cell
When an LAA cell has successfully assessed a clear unlicensed carrier at the beginning or the middle of a subframe, the UEs served by this LAA cell would not be able to receive data until the next subframe even if they rely on PDCCH/EPDCCH signaling from Pcell or Scell. In this case, if the UE can detect the reservation signal and identify that its’ serving cell acquired the channel, it may be able to support PDSCH during the remaining symbols of this subframe or be better prepared for PDSCH transmission in the next subframe.

In order to identify an LAA cell, the reservation signal can be transmitted with some kinds of pattern. Different LAA cell may apply different pattern. Different pattern can be associated with different ID of LAA cell. Resources assigned to each pattern may be orthogonal to other cell to support frequency reuse of factor one. The IDs of transmission nodes can be informed to UE via licensed carrier before transmission of the reservation signal.

Proposal 1: other functions such as synchronization, measurement and AGC tuning should be considered for reservation signal. 
4 Content and duration of reservation signal
As illustrated in Figure 1, a fractional symbol and/or one or more integral symbols will occur after a successful CCA/eCCA of a LAA node. The following two options for the duration of the reservation signal can be considered: a fractional symbol and integral symbol(s).
4.1 Reservation signal for a fractional symbol
Alt 1. To transmit a fractional symbol truncated from LTE signal
As shown in Figure 1, the first symbol of LTE has a duration of 2048+160 = 2208 samples in time domain under normal CP in which a sample is 1/(15000 * 2048) second. Assuming one CCA check requires 18 microseconds [2] (about 553 samples) and CCA starts at the beginning of a subframe, if this CCA check is successful, then the LAA node can start to transmit data. Because it is not aligned to the symbol boundary, the LAA node has to transmit some signal less than one symbol (2208–553 = 1655 samples) before the actual data (PDSCH) if it wants to reserve this unlicensed carrier. Under this circumstance, we can still utilize the LTE signal. For example, the first (or last) 1655 samples of the CRS signal can be transmitted on the fractional symbol.
In Alt 1, the LAA node utilize legacy LTE signal and generate signal according to legacy LTE OFDM symbol. The normal legacy LTE OFDM symbol is truncated according to the left available time and transmitted as reservation signal. The legacy LTE signal can include CRS. In Alt 1, the reservation signal is used to keep hold of the unlicensed carrier. It is hard to have other function else. But it is easy to implement and there is little impact to LTE PHY Spec.
Alt 2. To transmit a shorter OFDM symbol
As shown in Figure 1, if the duration of one integral symbol is T, then T3=X*T for X integral symbol(s). The duration of reservation signal is T2=1-T1-GP-T3 millisecond (“1” for 1ms). Because the period for CCA/eCCA is not fixed for each time, the T2 is mostly not equal to the duration of one integral symbol. At the same time, T2 may be greater than TCCA (TCCA represents the duration of one CCA, e.g., 18 microseconds [2]). When TCCA <T2<T, the reservation signal should be transmitted during T2 to keep hold of the unlicensed carrier.
If the reservation signal still utilizes OFDM baseband modulation, then a shorter OFDM symbol can be considered. For the shorter OFDM symbol, the subcarrier spacing is greater than that of legacy LTE OFDM symbol (i.e., 15 kHz). In addition to reserve the unlicensed carrier, the shorter OFDM symbol can easily implement additional function listed in section 3. It is easy to apply system parameters of legacy LTE system. The main modification is subcarrier spacing. It should be noted that the sampling frequency of the shorter OFDM symbol should be chosen to maximize the compatibility with that of the legacy LTE (e.g., the same as or multiple/half of 30.72MHz, etc.).
Based on the above analysis, we propose that，
Proposal 2: truncated LTE signal or a shorter OFDM symbol can be considered as reservation signal for a fractional symbol.
4.2 Reservation signal for integral symbol
During the period of integral symbols until the next subframe, there are two cases: 
· Case 1: to transmit reservation signal only; 
· Case 2: to transmit data of UE (PDSCH) and necessary reference signal.
For the first case, the CRS and PRS should be included in the reservation signal, since they can be sent in the vast majority of integral symbols. If UE need to utilize the reservation signal to improve the synchronization, then PSS/SSS (similar to that of Rel-8) can be configured. If UE’s measurement (CSI measurement and RRM measurement) should be considered, then CSI-RS should also be configured.
It is hard to determine when a LAA node has a successful CCA/eCCA check because of the nature of sharing an unlicensed carrier. If PSS/SSS is configured in the reservation signal, an LAA node can transmit PSS/SSS on adjacent 2 integral symbols just after a successful CCA/eCCA check. In addition, PSS/SSS can indicate the start of integral symbol. For example, if the LAA node has a successful CCA/eCCA check at the first symbol of a subframe (symbol 0), the LAA node can transmit PSS/SSS on the second and third symbols (symbol 1 and symbol 2).To fulfill the requirement of 80% occupied bandwidth [2], the PSS/SSS can be spread over the whole system bandwidth. It is FFS how to spread them.
For the second case, CRS is also transmitted for demodulation. For a better timing and frequency synchronization, PSS/SSS should be transmitted (if there are enough symbols). For a quick CSI report from UE, the LAA node should configure and transmit CSI-RS when there are enough symbols. 
When the bandwidth allocated to UEs is equal to or higher than 80% of the system bandwidth, the LAA node can keep hold of the unlicensed carrier without additional reservation signal. At this time, the LAA node only transmits data and necessary demodulation reference signal. If the UE is expected to require better synchronization and more accurate measurement, the reservation signal described in Case 1 above (CRS, CSI-RS, PSS/SSS, and PRS) can be transmitted. If so, the data of UE (PDSCH) are not mapped on those REs for the reservation signal.

When the bandwidth allocated to UEs is less than 80% of the system bandwidth, the LAA node should transmit the reservation signal described in Case 1 above. It can fulfill the requirement of the regulation [2] and, keep hold of the unlicensed carrier without being grabbed by other radio system on the unoccupied bandwidth (in PRBs).
The following Figure 2 gives an example for the reservation signal on integral symbols.
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Figure 2 An example for the reservation signal on integral symbols
From the above analysis, the design principle of reservation signal on integral symbol(s) can be summarized as the following.

· The reservation signal should include CRS, PRS, PSS/SSS, and CSI-RS to avoid new signal(s) design in order to minimize standardization work.

· The LAA node can configure RS(s) for reservation signal for different scenario. 
· For integral symbol(s), the reservation signal should be transmitted regardless of the UE PDSCH in this subframe.

· The LAA node can transmit PSS/SSS on the adjacent two integral symbols just after a successful CCA/eCCA check. The PSS/SSS can be spread over the whole system bandwidth if required to indicate the start of integral symbol.
4.3 Concurrence of reservation signal
In some cases, multiple nodes that are well planned for frequency reuse factor 1 from a single operator [4 – 7], might occupy the same unlicensed carrier and start to transmit the reservation signal (almost) at the same time. Under this circumstance, it would be beneficial to have orthogonal (e.g., in frequency domain) reservation signal. For example, CRS arrangement (i.e., frequency shift similar to that of legacy CRS) for reservation signal in different LAA cell can provide such orthogonality. Figure 3 gives an example for 4 LAA nodes to transmit the reservation signal at the same time on the same unlicensed carrier.
In some scenarios, for example, in an area where all the LAA nodes and neighbor WiFi APs are belonging to the same operator, multiple LAA nodes can transmit reservation signal at the same time if all of them get successful CCA checks. The LAA UEs belong to different LAA cells can know whether their serving LAA cell has successfully occupied the unlicensed carrier by the detection of reservation signal corresponding to their serving LAA cells. 
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Figure 3 Example of orthogonality of the reservation signal among nodes
Proposal 3: the design of reservation signal should support frequency reuse factor one for LAA cells of an operator.
5 Conclusion
In this contribution, we discussed several design aspects of reservation signal. We have the following observations and proposals:
Proposal 1: other functions such as synchronization, measurement and AGC tuning should be considered for reservation signal.

Proposal 2: truncated LTE signal or a shorter OFDM symbol can be considered as reservation signal for a fractional symbol.
For reservation signal on integral symbol(s), 

· The reservation signal should include CRS, PRS, PSS/SSS, and CSI-RS to avoid new signal(s) design in order to minimize standardization work.

· The LAA node can configure RS(s) for reservation signal for different scenario. 
· For integral symbol(s), the reservation signal should be transmitted regardless of the UE PDSCH in this subframe.

· The LAA node can transmit PSS/SSS on the adjacent two integral symbols just after a successful CCA/eCCA check. The PSS/SSS can be spread over the whole system bandwidth if required to indicate the start of integral symbol.
Proposal 3: the design of reservation signal should support frequency reuse factor one for LAA cells of an operator.
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