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1. Introduction

At RAN1#78bis meeting, the required functionalities and design targets for LAA were discussed and agreed as below.
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In this contribution, we discuss the issues related to the introduction of functionalities above into LAA. We identify candidate PHY layer options for LAA. We mainly focus on DL transmission in unlicensed spectrum. The issues related to UL are discussed in our companion contribution [1].
2. Listen Before Talk (LBT) Performed by eNB  
In Wi-Fi system, the carrier sense multiple access with collision avoidance (CSMA/CA) mechanism is adopted for each Wi-Fi points (AP/STA) to co-exist with other Wi-Fi points [2]. In CSMA/CA, a Wi-Fi point senses the channel before transmitting a packet data. Once the channel is sensed as a clear channel during an inter frame space (IFS) time and random back off time, the Wi-Fi point could occupy the channel for packet transmission after the sensing duration. This procedure is called as “listen before talk”. 
At least for the regions where LBT is required by regulations in unlicensed spectrum, LAA must apply such LBT mechanism to meet the regulatory requirements. In addition, LAA with LBT mechanism would achieve the fair coexistence with Wi-Fi system or with other LAA system. Considering the short sensing duration such as several tens of microseconds in Wi-Fi and the different physical subframe structure between Wi-Fi and LTE, we need to carefully consider the frame structure modification for LAA system to address LBT function. 
Frame structure for LAA with LBT
In the agreed deployment scenarios for LAA [3], LAA targets at the carrier aggregation operation in which one or more low power nodes operate in unlicensed spectrum as SCells. In that case, it is better to align the subframe boundary of SCells in unlicensed carrier with that of licensed Pcell. 

For DL transmission in unlicensed spectrum, eNB should perform LBT for DL transmission. In European regulatory requirements, two kinds of LBT behaviors are defined [4]. One is Frame-Based-Equipment (FBE) and the other is Load-Based-Equipment (LBE).
The requirements for FBE are summarized in Table 2-1. In FBE, clear channel assessment (CCA) is performed every fixed frame period, as shown in Fig. 2-1 (a). When the channel is idle (LBT idle), the transmitter can occupy the channel with the channel occupancy time. When the channel is busy (LBT busy), the transmitter needs to wait a fixed period until next CCA timing. Therefore, FBE-based frame structure can be easily utilized in LAA to align with current LTE frame structure and to keep the subframe boundary with PCell. But the drawback is that a large delay may occur after traffic arrives while the channel is busy.
Considering the subframe structure of LTE, the minimum time unit to be transmitted / muted in LTE is one OFDM symbol, which can be re-used as the minimum time unit for CCA duration in LAA. Of course multiple OFDM symbols can also be possible for CCA for better coexistence with WiFi. Fig. 2-2 gives examples of FBE design with two OFDM symbols used for CCA. In the first example, two OFDM symbols at the beginning of one subframe are used for CCA. In the second example, the last two OFDM symbols in the subframe are used for CCA for the transmission from next subframe. 
Table 2-1: LBT requirements for Frame-Based-Equipment in Europe
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Figure 2-1: Examples of FBE and LBE
On the other hand, the requirements for LBE are summarized in Table 2-2. In LBE, when the channel is busy, extended CCA is performed until the channel becomes idle, as shown in Fig. 2-1 (b). The general LBT procedure in Wi-Fi can be regarded as a type of extended CCA. For LAA, it is better to use one OFDM symbol as the minimum CCA unit when extended CAA is needed. If LAA frame structure is designed based on LBE, it gives LAA eNB more opportunity for transmission compared to the FBE based design and thus less delay after traffic arrives. But it also has some drawbacks. When LBT idle is confirmed in the middle of one subframe after extended CCA, the rest OFDM symbols in this subframe may be wasted in order to align with current frame structure and keep the subframe boundary. Fig. 2-3 shows such an example. In that case, a signal for the channel reservation may need to be transmitted on the wasted OFDM symbols to occupy the channel. It also needs to realize the transmission even from the middle of one subframe.
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Figure 2-2: Examples of FBE design in LAA
Table 2-2: LBT requirements for Load-Based-Equipment in Europe
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Figure 2-3: An example of LBE design in LAA
FBE-based and LBE-based designs have different advantages and disadvantages. As for LBT design and frame structure for LAA, we should target high efficiency and low delay in addition to the fair coexistence with other unlicensed systems. Here we propose two possible directions on frame structure for LAA DL with LBT.
· Alt. 1 (Fig. 2-4 (a)): No extended CCA duration, configurable burst length, and short, e.g., 1 ms, LBT periodicity (no LBT during the burst)
· This alternative is based on FBE, but a shorter CCA periodicity, e.g., 1 ms, can be applied so that LAA achieves sufficient opportunity to occupy the channel.
· Within the burst transmission duration, e.g., 4 ms, above periodic CCA can be omitted.
· Alt. 2 (Fig. 2-4 (b)): LBE design with extended CCA (e.g., multiple CCA time units), configurable burst length, and channel reservation scheme until next subframe timing
· This alternative is based on LBE, and one CCA time unit can be one or a few OFDM symbols as well as in Alt. 1.
· Signal transmission for the channel reservation is necessary and this transmission can also be used for other purposes.
· Compared with Alt. 1, Alt. 2 can achieve more opportunity to occupy the channel while the transmission for channel reservation may cause additional overhead and interference.
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Figure 2-4: Two possible directions on frame structure modification for LAA 
Proposal 1: Subframe boundary in unlicensed carrier should be aligned with subframe boundary of PCell in licensed carrier for CA operation.
Proposal 2: The minimum time unit for CCA duration is one or a few OFDM symbols for LAA eNB.
Proposal 3: The LBT design and frame structure for LAA should target high efficiency and low delay in addition to fair coexistence with other systems in unlicensed spectrum.

eNB sensing mechanism for DL LBT and carrier selection  

eNB sensing is important and used for both DL LBT and carrier selection. Energy detection is a simple method for such purpose. For LBT mechanism in Wi-Fi, two different CCA thresholds are used for the coexistence with Wi-Fi system and with other RAT devices. Therefore, appropriate CCA threshold should be investigated for LBT in LAA and whether one or multiple thresholds are needed also requires discussion.
Energy detection makes eNB aware of the interference level but it cannot ensure eNB distinguish the source of the interference, such as intra-operator interference or inter-operator interference, Wi-Fi interference or LAA interference. For different interference sources, eNB should have different responses and solutions for interference avoidance. For example, if intra-operator interference is detected, some conventional inter-cell interference coordination (ICIC) methods can be used. However, if inter-operator interference or Wi-Fi interference is detected, eNB may select another unlicensed carrier for transmission. Hence, with solely energy detection, eNB cannot give appropriate or effective response for interference coordination without distinguishing the interference source.
Therefore, enhanced eNB sensing methods may be beneficial. A possible enhanced method for this issue is cross-correlated based signalling detection. It can be either UE-assisted or eNB-enabled inter-operator measurement. After distinguishing the number of aggressive operators and/or the interference level from different operators, eNB can decide different and effective interference coordination methods for each interference sources. eNB can also make more smart carrier selection decisions with enhanced sensing methods.
Proposal 4: Enhanced sensing method (e.g., inter-operator measurement) may be beneficial.
Collision avoidance mechanism for hidden node problem
Wi-Fi uses RTS-CTS mechanism to avoid the collision caused by the hidden node problem [5]. First we need to discuss whether it is necessary to have similar functionality in LAA system. 
RTS/CTS mechanism is performed between Wi-Fi AP and STA to reserve the channel for a time-duration via Network Allocation Vector (NAV). Hidden node problem means that when a transmitter sends data to a receiver, a neighbor node, which is unaware of the existence of the transmitter, may send data at the same time and impart severe interference to the receiver. By using RTS/CTS mechanism, such aggressive node can be aware of the presence of transmission and corresponding transmission duration based on NAV information. In LAA system, unlike Wi-Fi, LAA eNB can get accurate interference information from receiver/UE side. So LAA can perform scheduling restriction by utilizing estimated interference condition at the UE based on RRM/CSI reports and open loop adjustment. For example, LAA eNB can schedule a UE for DL transmission only when the RSRQ or estimated SINR of the UE is larger than a threshold, as shown in Fig. 2-5. This mechanism can relax the hidden node problem since the potential victim UEs are not scheduled. On the other hand, in order to solve the hidden node problem completely when LAA coexists with Wi-Fi, LAA transmitter needs to detect RTS/CTS and understand NAV information sent by Wi-Fi AP/STA. However, it would clearly require different receiver from that for LAA signal. Therefore, we do not think RTS/CTS detection is necessary.  
Proposal 5: It is not necessary for LAA to detect RTS/CTS and understand NAV sent by Wi-Fi device.

Proposal 6: eNB implementation, e.g., scheduling restriction, can relax the hidden node problem.
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Figure 2-5: LAA scheduling restriction to relax hidden node problem 
TPC and DFS 

TPC is already supported in current LTE system for both downlink and uplink. Existing TPC method and control signaling on physical layer are sufficient to be reused for LAA operation. Detailed TPC method is an implementation issue. Dynamic frequency selection for radar avoidance is also an implementation issue. Therefore, regarding TPC and DFS, No RAN1 specification impact is expected.
Proposal 7: There is no RAN1 specification impact for TPC and DFS in LAA.
3. Cell Discovery and Measurement
If LBT is applied in LAA system, we can deduce that dynamic on/off (subframe-level or multiple-subframe-level on/off) should be further investigated to assist the frequent back and forth transition between on and off status. On top of Rel-12 SCE discussion, many issues should be addressed for LAA as well, such as cell identification/discovery, synchronization, tracking, CSI/RRM measurement and so on, considering the possible different design targets.

LBT-exempt transmission 

For the purpose of fast cell discovery, tracking, UE synchronization and measurement, it is better that signals for those purposes are transmitted by LAA eNBs even when there is no packet data transmission and/or when the LBT result is busy. We can call those signaling as LBT-exempt transmission. The benefits of introducing LBT-exempt transmission are obvious. 
However, the regulations are different in different regions. For example, in European requirements for RLAN [4], Short Control Signaling (SCS) are specified so that some management and control frames (e.g., ACK/NACK signals) can be transmitted without sensing the channel. The limit is that SCS transmission shall have a maximum duty cycle of 5% within an observation period of 50 ms. However, in Japan, the LBT is required even for very low duty cycle transmission, which means LBT-exempt transmission is not allowed.

In that case, we should discuss two possible directions. The first direction is that RAN1 studies both LAA with LBT-exempt transmission based on European requirements and LAA without LBT-exempt transmission based on Japanese requirements. The second direction is that RAN1 focuses on a single mechanism for cell discovery and measurement in LAA, i.e., without LBT-exempt transmission due to Japanese regulatory requirements.
For LAA with LBT-exempt transmission, the detailed signaling should be investigated. Considering the purpose of LBT-exempt transmission and required (i.e., sparse) signal design, discovery signal introduced for Rel-12 SCE can be considered as a starting point.  
For LAA without LBT-exempt transmission, opportunistic transmission of signals for cell discovery and measurement may happen according to the channel sensing results. In other word, some samples of periodic reference signals cannot be transmitted due to LBT busy. As a result, the measurement at a certain timing where reference signal is not transmitted due to busy status may cause a wrong measurement result. In that case, the opportunistic/aperiodic synchronization and measurement on the unlicensed spectrum should be studied.
UE measurement 

For LAA with LBT-exempt transmission, if discovery signal is transmitted as LBT-exempt, UE can perform measurement at configured timing. In this case, the problem for UE measurement is that large interference fluctuation exists for each measurement sample in idle or busy status, which makes the measurement result inaccurate. So restricted measurement related to channel status (i.e., CCA result) may be needed to increase the accuracy of UE measurement. UE may be able to determine idle/busy status by detecting a certain reference signal (e.g., CRS) if the reference signal is transmitted only when the channel is idle. Some enhanced method, such as new L1 signaling discussed for dynamic on/off, may also be considered. 
For LAA without LBT-exempt transmission, it should be studied how to make UE aware of the measurement timing, maintain synchronization, and detect channel idle/busy status. We can also consider whether it is applicable for UE to get/infer information from PCell and use synchronization with licensed PCell as the synchronization with unlicensed cell.

Proposal 8: Whether LBT-exempt transmission is allowed should be discussed.

Proposal 9: LAA without LBT-exempt transmission should be studied due to Japanese regulatory requirements.

4. Conclusion
In this contribution, we discussed the PHY layer options for LAA DL. For LBT performed by eNB, LBT desing and frame structure for LAA, eNB sensing mechanism, collision avoidance mechanism for hidden node problem, TPC and DFS were discussed. For cell discovery and measurement, LBT-exempt transmission and UE measurement were discussed. Based on the analysis above, we had following proposals.
Proposal 1: Subframe boundary in unlicensed carrier should be aligned with subframe boundary of PCell in licensed carrier for CA operation.
Proposal 2: The minimum time unit for CCA duration is one or a few OFDM symbols for LAA eNB. 
Proposal 3: The LBT design and frame structure for LAA should target high efficiency and low delay in addition to fair coexistence with other systems in unlicensed spectrum.
Proposal 4: Enhanced sensing method (e.g., inter-operator measurement) may be beneficial.
Proposal 5: It is not necessary for LAA to detect RTS/CTS and understand NAV sent by Wi-Fi device.
Proposal 6: eNB implementation, e.g., scheduling restriction, can relax the hidden node problem.
Proposal 7: There is no RAN1 specification impact for TPC and DFS in LAA.

Proposal 8: Whether LBT-exempt transmission is allowed should be discussed.
Proposal 9: LAA without LBT-exempt transmission should be studied due to Japanese regulatory requirements.

References

[1] R1-144970, NTT DOCOMO, “Views on issues related to LAA UL”, Nov. 2014.
[2] IEEE Std 802.11ac™-2013, “Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications,” 2013.
[3] R1-144469, NTT DOCOMO, “Text proposal on Rel-13 LAA deployment scenarios for TR36.889”, Oct. 2014.
[4] Draft ETSI EN 301 893 V1.7.2, July 2014.
[5] ARIB STD-T71, BROADBAND MOBILE ACCESS COMMUNICATION SYSTEM (CSMA), V6.1.
- 1/7 -

[image: image1.emf]Parameter

Requirement Comment

Clear Channel Assessment

(CCA) time

Minimum 18 μs

Channel Occupancy time

Minimum 1 ms, maximum10 ms

Idle period

Minimum 5% of channel occupancy time

Fixed frame period

Equals to Channel Occupancy time + Idle Period

Short control signaling

transmission time

Maximum duty cycle of 5% within an observation

period of 50 ms

Part of Channel

occupancy time

CCA Energy detection

threshold

Assuming receive antenna gain G = 0 dBi:

If EIRP ≥ 23 dBm at transmitter

Threshold ≤ -73 dBm/MHz

Otherwise (If EIRP < 23 dBm at transmitter)

Threshold = -73(dBm/MHz) + {23(dBm) –

P

H

(dBm)}/(1 MHz)

For WAS/RLAN

