3GPP TSG RAN WG1 Meeting #80                                                                                       R1-150490
Athens, Greece, 9th – 13th February 2015
Source: 
ITL Inc.
Title:
Frame structure design for LAA with LBT
Agenda Item:
7.2.3.3

Document for:
Discussion and Decision
1 Introduction
According to the new Study Item on Licensed-Assisted Access (LAA) which was approved at RAN#65[1], the LAA using LTE has been started for studying its feasibility and usefulness under CA frame work since last RAN1#78bis. At RAN1#79, there were some discussion on physical layer options for LAA, and following agreements were made.
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

Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band

· RRM measurement including cell identification
· AGC setting

· Coarse synchronization

· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference

· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

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

· FFS: if the DFS for radar avoidance is needed to be supported in the UE

Agreements:
· For LAA design option,
· Support at least 20MHz system BW option in the 5GHz band

· System bandwidths < 5 MHz are not considered for PHY layer options in LAA

In this contribution, we focus on some high level functional PHY design options especially for the potential LAA frame structure and the channel access mechanism.
2 Frame structure design for LAA
In some regions (e.g. Europe and Japan), the specific regulatory requirements for the channel access mechanism such as LBT mandate for the equipment to transmit/receive a certain wireless signal on the unlicensed frequency band, while there have been no detailed regulatory requirements (like LBT in Europe) in other regions so far [2]. As well known, LBT basically requires the clear channel assessment (CCA) using energy detection (ED) with a threshold value to check the availability of channel in unlicensed band. And then, if the channel is identified as idle state, the transmitter can transmit wireless signal on the unlicensed band during channel occupancy time (COT) defined. Thus, in order to facilitate the functionality like LBT in LTE, two different types in LBT defined in ETSI regulation shall be initially discussed. 
2.1 LAA based on FBE-LBT
Frame Based Equipment (FBE) defined in LBT is based on a fixed frame period and the CCA in idle period is periodically performed in every frame period. More detailed parameter related to FBE is defined in [3].
Given LAA using LTE in unlicensed band is assumed with FBE, for example, there could be several fixed frame periods, idle period and CCA duration for LAA frame structures as shown in Table 1. It is assumed that the idle period in each frame period shall have at least more than 5% of the channel occupancy time, and CCA time is allocated within the idle period.
Table 1. Example of FBE parameters for LAA (assuming normal CP)
	Frame Period (ms)
	Channel Occupancy Time (us)
	Idle period (us)
	CCA (us)
	Note

	1
	928.7
	> 71.3us (7.7% of COT)
	> 20us
	For regulation of Japan, max burst duration shall be less than 4ms.

	2 
	1857.4
	> 142.6 (7.7% of COT)
	> 20us
	

	3
	2786.1
	> 213.9 (7.7% of COT)
	> 20us
	

	4
	3714.8
	> 285.2 (7.7% of COT)
	> 20us
	

	5
	4714.8
	> 285.2 (6% of COT)
	> 20us
	

	…
	…
	…
	> 20us
	

	10
	9500.9
	> 499.1 (5.26% of COT)
	> 20us
	


In case there are lots of transmitters including LAA eNBs and WiFi APs especially for co-channel scenario in a region, the LAA frame structure using 1ms frame period as a minimum frame period in Table 1 could provide more opportunities with the transmitter (e.g. LAA eNB) than others to check the availability of the channel in a unlicensed carrier, so that it could guarantee better fair co-existence than that of longer frame periods with other technology nodes especially when considering WiFi nodes are generally based on LBE like operation that continue the (E)CCA until they find idle one. 
Meanwhile, the LAA frame structure using longer fixed frame period (e.g. 10ms) that has same length with a radio frame in LTE could be used for the case where there are less number of nodes in unlicensed band who are able to transmit data potentially. That is, a FBE-node with longer fixed frame period may result in lower chance to fine the idle channel in unlicensed band, due to less frequent chances for CCA in a given time, especially when the number of competition nodes (e.g. LBE based equipment) are increasing using same channel. 
1ms Frame Structure:
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10ms Frame Structure:
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Figure 1: Basic LAA frame structures based on FBE-LBT with different frame periods (e.g. 1ms and 10ms)
According to those differences from different frame length, there could be different utilizations of applying the LAA frame structure. For example, as shown in Figure 2, a transmitting node (e.g. LAA eNB) is performing to send data in unlicensed frequency band. Here, before acquiring idle channel the LAA frame structure with shorter frame period (e.g. 1ms) can be mainly used for the purpose doing CCA in order to have more chances to acquire the idle channel and fair coexistence taking WiFi nodes into account. The reason why to do is that the CCA in WiFi system(e.g. LBE equipment) is continuously performed until finding unoccupied channel and may have shorter time period than even one OFDM symbol duration in LTE that could potentially affect to LAA system performance to be worse. 
Once the transmitting node on unlicensed frequency band is aware that the channel is idle, the channel reservation procedure is carried out. Then, some information on the node such as channel occupancy time and cell ID and so on would be also broadcasted to neighboring nodes on unlicensed band. Through this process, the neighboring nodes may defer their transmissions, even if they have the intention of data transmission at that time. In this case, when the transmitting node that occupy the channel on unlicensed frequency band can immediately change its LAA frame structure to properly support the data transmission after performing CCA. That is, it is observed that the LAA frame structure for performing the CCA can be different from that for data transmission after acquiring the channel in unlicensed frequency band. In Figure 2, it shows that after recognizing the channel status as idle during CCA time, the transmitting node changes to the LAA frame structure with frame period 4ms for the data transmission, while after this data burst transmission, the LAA frame structure is set back with frame period 1ms for performing CCA again if needed.
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Figure 2: Flexible adaptation between different fixed frame periods
Moreover, it is noted that current frame structure type 2 using 7 TDD UL-DL configurations can be modified for FBE LAA. And specific subframe configurations for CCA (and idle period) with different periods (like special subframe configuration) could be also taken into account for further study on LAA design in Rel-13 as discussed in [4]. Thus, the various design ways for the LAA frame structure need to be further studied during SI phase to optimize LAA system performance and make it good neighbour between LAAs with multiple operators and between different technologies on unlicensed frequency band.
Proposal 1: It is proposed to study the FBE based LAA system using different fixed frame period before/after the channel occupancy.
2.2 LAA based on LBE-LBT
Different from FBE in LBT, it is not restricted for LBE to do (E)CCA during specific time period in a frame period and thus, (E)CCA is only performed whenever the transmitter node want to send data. The WiFi system based on IEEE 802.11 standards has been based on LBE like manner for the CCA. However, if LAA in LTE is also following similar way for the CCA, it is questionable on how to treat the case where the CCA is idle in the middle of subframe or one portion in a subframe, since it may be quite different compared to the current situation for data transmission in LTE. There could be co-existence issues especially for the other technologies when the LAA node occupies always the channel in this case. 
In addition, in WiFi system, the time period for doing CCA/CS between inter-frames (e.g. DIFS, PIFS and SIFS) is determined depending on the characteristic of the packet (e.g. data, ACK, prioritized packet and so on) and various applications (e.g. RTS/CTS, DCF MAC protocol and so on). Accordingly, it is desirable to take the parameters related to the WiFi for the fair co-existence into account. 
In Figure 3 that identifies the potential issue and one potential solution from LAA with LBE type, once the LAA node senses the CCA idle status in the portion of a subframe for doing data transmission, the remaining period which is after detecting the (E)CCA idle in a subframe can be compared with a threshold time that allow the LAA node to be polite in terms of co-existence in unlicensed frequency band. Depending on the result by the comparison, whether the LAA node could immediately occupy the shared frequency band or not is determined. For example, if the remaining time period in a subframe after detecting (E)CCA idle is longer than a threshold time, then LAA node suspends their transmissions on that unlicensed carrier and keep (E)CCA operation again until specific condition is met. If remaining period in the middle of subframe is lower than the threshold, the LAA node can transmit some signal(s) to reserve the channel before the start of data transmission as agreed in last RAN1 meeting.

Thus, this can control the LAA node behaviour by adjusting the threshold value for the channel occupancy in unlicensed frequency band. 
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Figure 3: Example of channel occupancy for LAA based on LBE
Proposal 2: The threshold value can be considered to determine whether some signal(s) for channel reservation need to be transmitted in the middle of subframe.
3 Channel Access Procedure for LAA

With the discussion related to the LAA frame structure above, it is breifly addressed for LAA on what kind of procedures need to be considered in the channel access mechanism.
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Figure 4: Potential channel access procedure on unlicensed band (for DL only)
In Figure 4, it can be shown that the LAA eNB for DL transmission in unlicensed band is based on the channel access procedure including the several steps. Provided that the DL only subframe on unlicensed carrier is configured for a SCell for CA, the LAA eNB firstly determines what LAA frame structures is used if multiple LAA frame structures are defined, and also send the several RRC parameters to LAA configured UEs, especially for RRM, synchronization, CSI/interference measurement, CA-related configurations (e.g. cross-carrier scheduling) and etc,. After that, if the LAA eNB detects the CCA idle, the channel reservation procedure can be performed in order for the LAA eNB to avoid potential resource collision like hidden node problem. In this case, a signal like preamble may be transmitted for informing neighbour nodes of its channel occupancy information with further details related and then the receiving nodes may autonomously know that the LAA eNB is turned on for data transmission. Such kind of signal can additionally contain the various information including cell identification, channel occupancy time, on/off indication, aperiodic CSI triggering if needed and so on. Finally, the LAA eNB can schedule data transmission to concerned LAA UEs during the channel occupancy time on the unlicensed band. 
With the channel access mechanism as a starting point, it is suggested for RAN1 to study further how to enhance the LAA system performance and provide the fair co-exsitence with other RATs.
Proposal 3: Study the channel access mechanism in unlicensed carrier with concerned steps including LAA frame structure, channel reservation procedure and so on.
4 Conclusion

In this contributions we discussed potential issues and solutions for the LAA functionalities (e.g. LBT) which have been identified so far. The above discussion is summarized with the following proposals:
Proposal 1: It is proposed to study the FBE based LAA system using different fixed frame period before/after the channel occupancy.
Proposal 2: The threshold value can be considered to determine whether some signal(s) for channel reservation need to be transmitted in the middle of subframe.
Proposal 3: Study the channel access mechanism in unlicensed carrier with concerned steps including LAA frame structure, channel reservation procedure and so on.
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