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Introduction
In this contribution, we discuss the CCA slot structure, and how minimum ECCA, 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 CCA slot structure. 

Determination of CCA slot sizes
In RAN1 #81, the CCA time slots and defer periods were discussed, but no agreement was made on the specific values of the slot sizes. 
To have common assumptions in simulations for fair performance comparison, the values of the CCA slot sizes should be determined first. Based on the existing agreements, the following time slots should be defined:
· Initial CCA (ICCA) slot: the time slot for initial transmission of a LAA subframe. 
· 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 LAA packets with different QoS requirements, i.e. different access categories. The ICCA and defer period provide essentially the same functionalities, i.e. channel clearance to prevent interruption of an ongoing unlicensed transmission. To minimize the specification effort, the ICCA and defer period can be the same. 
Proposal 1: RAN1 specifies a minimum ECCA slot and an ICCA slot only.

Synchronization and alignment of CCA slots
The ECCA, ICCA and defer period sizes could be comparable to SlotTime, DIFS or AIFS of WiFi to provide fair contention access among different unlicensed technologies. However, in CCA slot design, unique characteristic of LAA should be considered.  
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 and end at any time. As a result, the backoff slots are adjusted after each packet transmission or busy period. If stations experience different channel conditions, the backoff slots of stations are also different even if they are under the same access point. Furthermore, even if the stations have the same channel condition, their ICCA timing may not be aligned with each other, since their detections of busy period ending depend on their own sensing resolutions.
Observation 1: WiFi does not have a mechanism to align CCA timing among nodes.
Comparatively, an LTE transmission is synchronized at subframe and OFDM symbol level. Currently, all LTE signals are OFDM-symbol based. 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 similar CCA slot mechanisms as WiFi are used for LAA, an ICCA or a defer period may start at random times in an OFDM symbol, the CCA slots will be not synchronized or aligned with OFDM symbol or subframe boundaries. The LAA CCA slots have to be reconfigured after each packet transmission or busy period. Consequently, the ECCA slots and LAA transmissions may start at random times in an OFDM symbol.
Furthermore, different LAA cells may experience different interference conditions. This leads to different CCA slot timings at different LAA cells, and causes 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. 
Comparatively, if the LAA CCA slots are pre-defined within an OFDM symbol or a subframe, the LAA transmission may only starts at the known positions in an OFDM symbol or subframe. Therefore, in LAA CCA slot design, synchronization with a LTE subframe or OFDM symbol boundaries should be considered. Intuitively, the ECCA slots can define a baseline structure that is synchronize with the subframe or OFDM symbol boundaries. 
Proposal 2: A unit for CCA detection should be defined and synchronized among cells, e.g. based on ECCA slots. 

Example of synchronized CCA slots
If the same slot sizes as WiFi are used for LAA, CCA slots alignment and subframe/OFDM symbol synchronization are hard to achieve, as illustrated in Figure 1.
· CCA slots may not be synchronized or aligned with OFDM symbol or subframe boundaries.
· [bookmark: _GoBack]A 9µs slot is not dividable by the length of an OFDM symbol or subframe, how to deal with a residue partial slot should be studied. 
· A 9µs ECCA slot is not dividable by a 34 µs ICCA slot / defer period, the ECCA slots have to be shifted after each ICCA slot / defer period. If ECCA slots are not shifted, how to deal with a residue partial slot should be studied.
· LAA CCA may be reconfigured after each busy period and packet transmission/reception.



Figure 1. Illustration of CCA slot synchronization and alignment issues
Observation 2: If the same slot sizes as WiFi are defined, RAN1 should further study how to deal with the slot synchronization and residue partial slot issues.
To overcome these issues, an ECCA slot can be a fraction of an OFDM symbol or a subframe; an initial CCA (ICCA) (or defer period if specified) can be defined as multiple ECCA slots. This can greatly simplify the CCA slot synchronization and slot alignment after ICCA slots or defer periods because an ICCA (or defer period if specified) always starts and ends at ECCA slot boundaries.
Proposal 3: the ECCA slot should be defined as a fraction of an OFDM symbol or a subframe; and the ICCA (or defer period if specified) should consist of multiple ECCA slots. 



Figure 2. Example of synchronized CCA slot structure based on fractional OFDM symbol lengths
Figure 2 shows an example of a synchronized CCA slot structure where the CCA slots are defined as fractions of an OFDM symbol. For the minimum ECCA slot, the length is 1/8 of an OFDM symbol, which is ~9 µs, comparable to the SlotTime of 802.11 backoff slot. An ICCA (or defer period if specified) consists of at least 4 ECCA slots, i.e. an ICCA occupies at least 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. 
To maintain the CCA slot alignment, if the channel busy period ends in the middle of an ECCA slot, the current ECCA slot should be considered as busy, and the ICCA slot should start at the end of the current ECCA slot, as shown in Figure 2. If the ICCA start immediately after the channel busy period, the CCA slots will be shifted and become mis-aligned with the underlying synchronized CCA structure.
If the ICCA slot is defined as multiples of ECCA slots, other lengths can also be considered besides the fractional OFDM symbols. For example, an ECCA can be 10 µs, and an ICCA can be 3 times of ECCA, i.e. 30 µs.

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 slot and an ICCA slot only.
Proposal 2: A unit for CCA detection should be defined and synchronized among cells, e.g. based on ECCA slots. 
Proposal 3: the ECCA slot should be defined as a fraction of an OFDM symbol or a subframe; and the ICCA (or defer period if specified) should consist of multiple ECCA slots. 
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