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Introduction
In this contribution, we discuss the CCA slot structure, and how minimum CCA, initial CCA and defer periods should be defined. Since interfering unlicensed transmission, e.g. a WiFi transmission, is not synchronized, the CCA slots may become unsynchronized or mis-aligned to the subframe or OFDM symbol boundaries. To avoid unsynchronized slots, we present our views on how to align the CCA slots to a baseline structure. 
Determination of CCA slot sizes
In RAN1 #80bis [1], the CCA time slots and defer periods were discussed, and the following working assumptions were agreed [2]:Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:
· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots
· The value of X and Y is a configurable parameter
· FFS: which trigger and rate for adapting the size of the contention window
· Consider minimum ECCA slot size smaller than 20 µs
· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
· FFS: Conditions under which initial CCA is used
· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle
· FFS: Continuing count down during defer period
· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
· FFS: A defer period configured to be zero.


· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants
· FFS: Relationship, if any, between contention window and maximum channel occupancy?
· Discuss the values of all the above parameters at RAN1#81
· FFS: Applicability of this to DRS
· Adaptability of the energy detection threshold can be applied
· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above


The values of the CCA slot sizes should be determined first so that common assumptions can be used in simulations and for performance comparison. Based on the working assumptions, the following time slots should be defined:
· Initial CCA (ICCA) slot: the time slot for initial transmission of a LAA subframe. 
· Minimum ECCA (MCCA) slot or ECCA slot: the backoff timeslot used in backoff procedure. 
· Defer period: the time required after ECCA countdown interruption.

The ICCA and defer period may be configured with different lengths for different LAA packets with different QoS requirements. To provide fair contention access with WiFi, the MCAA slot used for backoff should have a length comparable to WiFi's backoff slot; the ICCA and defer period should be comparable to DIFS or AIFS of WiFi. The parameters in WiFi at 5GHz are given below as references:
· SlotTime = 9 µs; SIFSTime = 16 µs
· DIFSTime = SIFSTime + 2*SlotTime= 34 µs
· AIFS[AC] = AIFSN[AC] * SlotTime + SIFSTime
where AC is the access category (voice, video, best effort and background) of a packet.
The ICCA and defer period provide essentially the same functionalities, i.e. channel clearance to prevent interruption of an ongoing unlicensed transmission and opportunity for channel access from other unlicensed users. To minimize the specification effort, the ICCA and defer period can be the same. Thus, only ICCA needs to be specified based on different access categories.
Proposal 1: RAN1 specifies a minimum ECCA (MCCA) slot and an initial CCA (ICCA) slot only.
· The defer period should be the same as ICCA. 
· The CCA slot sizes should be comparable to WiFi.
Synchronization and alignment of CCA slots
In a WiFi network, a PHY layer preamble is included in each packet for packet synchronization and channel estimation. The WiFi transmission itself is not synchronized and can start from any time. The lengths of DIFS or AIFS are not multiples of the backoff SlotTime either. As a result, the backoff slots are adjusted after each packet transmission or busy period. 
Comparatively, an LTE transmission is synchronized at subframe and OFDM symbol level. Currently, all LTE signals are OFDM-symbol based. In LAA, if the same sizes as WiFi and similar backoff procedures are used for LAA [3], the CCA slots will be not synchronized or aligned with OFDM symbol or subframe boundaries; and the LAA CCA slots have to be reconfigured after each packet transmission or busy period. 
Furthermore, for LAA cells under the same scheduler, each LAA cell may have different CCA slot timing. This will cause unnecessary complexity for eNB handling. If a LAA transmission only starts at a CCA slot boundary, the unsynchronized CCA slots at different LAA cells limits the benefits of potential frequency reuse with simultaneous LAA transmissions. 
Figure 1 shows an example illustrating the CCA slot synchronization issue.


Figure 1. Unsynchronized CCA slots
For an LAA transmission, a preamble or reservation signal can be specified that occupies partial OFDM symbol length at the beginning of the LAA transmission. If an LAA transmission can start from random time in an OFDM symbol, it will bring big challenges for both the transmitter and the receiver. 
Therefore, in LAA CCA slot design, synchronization with a LTE subframe or OFDM symbol boundaries should be considered. Ideally, the MCCA slots can define a baseline structure that is synchronize with the subframe or OFDM symbol boundaries. And the ICCA and defer periods if specified are multiples of MCCA slots.
Proposal 2: RAN1 should consider a synchronized LAA CCA slot structure based on minimum ECCA (MCCA) slots.
Example of synchronized CCA slots
To preserve the synchronization properties, the CCA time slot length can be defined based on LTE subframe and OFDM symbol structure [4]. 
For the minimum ECCA (MCCA) slot, the length can be 1/8 of an OFDM symbol, which is ~9 µs, comparable to the SlotTime of 802.11 backoff slot. 
To ensure the alignment of time slots, the initial CCA (ICCA) (or defer period if specified) should be limited to integer numbers of MCCA slots. And an ICCA (or defer period if specified) should always start and end at MCCA slot boundaries.
The minimum ICCA (ICCAmin) slot should have a length comparable to a DIFS. Thus, an ICCAmin can occupy 4 minimum ECCA slots, i.e. the ICCAmin occupies half an OFDM symbol length, which is approximately 35.7 µs for symbols with normal CP, comparable to the length of 34 µs for a DIFS. 
Figure 2 shows the synchronized CCA slot based on OFDM symbol structure. Note that to maintain the CCA slot alignment, if the channel busy period ends in the middle of a MCCA slot, the current MCCA slot should be considered as busy, and the ICCA slot starts at the end of the current MCCA slot.


Figure 2. Synchronized CCA slot based on OFDM symbol structure
Similar to DIFS and AIFS design, the ICCA for each traffic category (AC) can be given as 
ICCA[AC] = ICCAN[AC]* MCCA + ICCAmin
where 
· AC is the access category (voice, video, best effort and background) of a packet
· ICCAmin is the minimum ICCA slot time
· ICCAN[AC] is the extra number of MCCA slots for each AC, details can be left FFS
Proposal 3: The CCA slots can be designed as fractions of an OFDM symbol length. 
· The minimum ECCA (MCCA) slot is defined as 1/8 of an OFDM symbol length; 
· An ICCA slot (or defer period if specified) consists of multiple ECCA slots, with a minimum ICCA slot as 4 MCCA slots.
Conclusion
In this contribution, we discuss the LAA CCA time slot size, and CCA slot alignment issues. Considering the synchronized frame structure of LTE, and the differences between a LAA network and WiFi, we propose the following: 
Proposal 1: RAN1 specifies a minimum ECCA (MCCA) slot and an initial CCA (ICCA) slot only.
· The defer period should be the same as ICCA. 
· The CCA slot sizes should be comparable to WiFi.
Proposal 2: RAN1 should consider a synchronized LAA CCA slot structure based on minimum ECCA (MCCA) slots.
Proposal 3: The CCA slots can be designed as fractions of an OFDM symbol length. 
· The minimum ECCA (MCCA) slot is defined as 1/8 of an OFDM symbol length; 
· An ICCA slot (or defer period if specified) consists of multiple ECCA slots, with a minimum ICCA slot as 4 MCCA slots.
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