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1. Introduction
At the RAN#65 meeting, a new Rel-13 Study Item on Licensed-Assisted Access using LTE (LAA-LTE) [1] has been approved.  One of the objectives is to identify and define design targets for co-existence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA-LTE services. In this contribution, we would like to share our views on the LAA-LTE designs from the perspective of fair co-existence.
2. Discussions
Currently the LAA-LTE technology is assumed to be developed into an unlicensed band frequency, therefore a fair co-existence with other unlicensed spectrum deployments (e.g., Wi-Fi) is a prerequisite for leading the LAA-LTE to be an attractive option. So far, there isn’t a clear definition on fair co-existence; SID [1] highlights a potential definition of fairness for spectrum sharing between LAA-LTE and Wi-Fi as following:

Identify and define design targets for co-existence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. 

Proposal 1. RAN1 to confirm that “LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier” is the start point for studying fair co-existence between LAA-LTE and Wi-Fi.
In order to realize a “no more than an additional Wi-Fi network impact”, the direct way is to refer Wi-Fi co-existence mechanism. Considering that it is essential to apply Listen-Before-Talk in the LAA-LTE to abide to regulations of unlicensed technologies in some regions in the world, we try to give an overview of Wi-Fi co-existence mechanism from listen-before-talk perspective. An example of co-existence between 2 Wi-Fi nodes is illustrated in Fig.1. For simplification, some concepts (e.g. ACK/NACK etc.) which have no obvious impacts on the listen-before-talk process are ignored in Fig.1.
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Fig.1 Two Wi-Fi nodes share the same frequency channel with CSMA/CA
All of Wi-Fi nodes, including access points and stations, share frequency channel based on CSMA/CA (Carrier Sense Multiple Access / Collision Avoidance). Basically, Wi-Fi applies a kind of time domain multiple access scheme to execute interference avoidance, a key factor to realize co-existence mechanism on the same frequency channel. Transmission timing is decided autonomously by each Wi-Fi node (access points and stations), which performs carrier sensing (“Listen”) prior to sending data (“Talk”). As shown in Fig.1, Wi-Fi node always listens to interference condition of the neighbourhood except the “Talk” duration. Moreover, only when the condition, i.e., carrier sense results during a continuous “required idle duration” is idle, is satisfied; the node can start data transmission. Fig.1 shows that the followings are key aspects for fair co-existence design:

· definition of required idle duration, i.e., how to determine the necessary idle status period for starting data transmission

· channel detection mechanism, i.e., how to determine the channel is idle or busy

· maximum data transmission duration

Proposal 2. RAN1 to agree that required idle duration, channel detection mechanism, and the maximum data transmission duration should be considered for LAA-LTE designs.
Required idle duration for starting data transmission
In Wi-Fi system, the continuous required idle duration for starting data transmission is defined as a summation of DIFS + predetermined back off time. DIFS is a fixed parameter whereas back off time is a manipulation of slot time and uniformly chosen random value between [0, CW], where CW is called Contention Window and given as min{(CWmin+1)*2n – 1, CWmax}, where n is the number of retransmission. Moreover, as shown in Fig.1, during a required idle duration, the result of carrier sense may change from idle to busy. In such a case, Wi-Fi defines DIFS+ remaining back off time (i.e., busy status duration in the required idle durationd) as the upcoming required idle duration. An example of DIFS and slot time, CWmin, CWmax in IEEE802.11-2012 is shown in Table 1.
Table 1.  The time interval between frames (802.11-2012 P826)
	Slot Time
	9 μs

	DIFS
	32 μs

	CWmin
	15

	CWmax
	1023


From fair co-existence perspective, it is necessary to define a variable required idle duration which has a statistic characteristic similar to that of the required idle duration in Wi-Fi system. Although details of generation equation, definition of the range, etc. are open for further study, DIFS+predetermined back off time may be considered as a start point to meet the Rel-13 timeline.
Proposal 3: RAN1 to agree that a variable required idle duration with a Wi-Fi-like statistics characteristic is the start point for LAA-LTE designs. Details are open for further study. 
Channel detection mechanism
   In 802.11 standards, comparison of received signal strength indicator (RSSI) and threshold is used to determine whether the channel is “busy” or “idle”. Threshold examples are shown in Table 2. Depending on whether OFDM preamble is detected or not, two kinds of thresholds are defined in Table 2. 

  Generally, OFDM preample detection applied for Wi-Fi system whereas non-OFDM preamble detection is applied for non-Wi-Fi system. When OFDM preamble is detected and the cumulative RSSI is beyond the minimum modulation and coding rate sensitivity (–82 dBm for 20 MHz channel bandwidth, –85 dBm for 10 MHz channel bandwidth, and –88 dBm for 5 MHz channel bandwidth), the channel is determined as “busy”. On the other hand, when OFDM preamble is not detected, these thresholds become higher by 20 dBm to avoid interference with non-Wi-Fi system.
Table 2. The minimum modulation and coding rate sensitivity
 (802.11-2012 P1614 18.3.10.6 CCA requirements)
	
	OFDM preamble detection
	non-OFDM preamble detection

	20 MHz bandwidth
(with a probability > 90% within 4 μs)
	-82 dBm
	-62 dBm

	10 MHz bandwidth
(with a probability > 90% within 8 μs)
	-85 dBm
	-65 dBm

	5 MHz bandwidth
(with a probability > 90% within 16 μs)
	-88 dBm
	-68 dBm


In order to realize a “no more than additional Wi-Fi network impact”, it is natural to treat an LAA-LTE node as a Wi-Fi-like node. Therefore, applying OFDM preamble detection for Wi-Fi system is a reasonable selection from fair co-existence perspective. On the other hand, if non-OFDM preamble detection is applied for Wi-Fi system, evaluations on fair co-existence are necessary.
Proposal 4: RAN1 to agree that applying OFDM preamble detection for Wi-Fi detection is the start point for LAA-LTE designs. 
Maximum data transmission duration
  From the fair co-existence perspective, it is essential to avoid an exclusive channel occupation for a long duration. Therefore a limitation on the maximum data transmission duration is necessary. As references, maximum time length for each transmission is defined as 10ms at HT PHY (11n) or 5.484ms at VHT PHY (11ac). In some cases, stricter local rules are defined. For example, in Japan, 4ms is the maximum time length based on the resinal regulation (ARIB STD-T71).
Proposal 5: RAN1 to agree that introducing a Wi-Fi-like maximum data transmission duration is the start point for LAA-LTE designs.
3. Conclusion

Proposal 1. RAN1 to confirm that “LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier” is the start point for studying fair co-existence between LAA-LTE and Wi-Fi.
Proposal 2. RAN1 to agree that required idle duration, channel detection mechanism, and the maximum data transmission duration should be considered for LAA-LTE designs.
Proposal 3: RAN1 to agree that a variable required idle duration with a Wi-Fi-like statistics characteristic is the start point for LAA-LTE designs. Details are open for further study.
Proposal 4: RAN1 to agree that applying OFDM preamble detection for Wi-Fi detection is the start point for LAA-LTE designs.
Proposal 5: RAN1 to agree that introducing a Wi-Fi-like maximum data transmission duration is the start point for LAA-LTE designs.
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