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1. Introduction
During RAN4 meetings held in Beijing (RAN4#76) [1, 2] and Sophia Antipolis (RAN4#76bis) [3, 4, 5] potential requirements for LBT were discussed, without further agreement.
In this contribution, we discuss further consideration on Listen-Before-Talk (LBT) mechanism requirement in RAN4.
2. Discussion
The LBT mechanism is important for LAA operation to allow fair spectrum sharing across different technologies operating in the same unlicensed band.
RAN1 agreed to use so called Category 4 (Cat-4) LBT mechanism for LAA. Cat-4 mechanism is similar to LBT mechanism used in Wi-Fi, the well-known CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance) with exponential backoff. During RAN1 meeting in Beijing, some agreements were made on LBT mechanism: 

	Agreements:
· For LBT operation, an ECCA slot size of 9 µs is used
· The actual sensing time is at least 4 µs within the slot.
· For LBT Category 4 operation for PDSCH 
· A defer period consists of a duration of 16 us followed by n consecutive CCA slots.
· n is a positive integer
· The duration of a CCA slot is 9 us.
· FFS on number of slots in the defer period, e.g., n for different QoS classes.
· No count down is performed during the duration of 16 µs at the start of the defer period.
· The backoff counter may be decremented by one at the end of a defer period when all the n slot are observed to be idle.
· If the counter reaches 0 after decrementing, the node shall not transmit immediately and continues the ECCA procedure by performing a CCA check for at least one slot
FFS: The defer period may be aborted when the channel is observed to be busy anytime in the differ period


2.1. Category 4 LBT mechanism

The Cat-4 procedure is based on several principles:

· Energy detection (ED): to detect presence of other transmissions on the channel, the eNB must be able to measure energy and compare it to ED threshold.
· Defer period: to protect control information that Wi-Fi receiver transmits a short duration after a packet was received (and for other possible reasons), the eNB cannot start or continue random backoff unless channel has been idle for the duration of defer period.
· Random backoff (also called Extended CCA, eCCA [7]): to prevent collisions of multiple nodes that are waiting to transmit as soon as the channel becomes idle, the node needs to sense the channel for (at least) a random number N of Clear Channel Assessment (CCA) slots.
· Contention window size (CWS) adaptation: to adapt the random backoff N selection to different congestion situations (number of competing nodes), the CWS (which defines maximum possible N) is adapted based on collision estimation.
· Maximum channel occupancy time: to prevent excessive delays when other nodes are attempting to access the channel, the eNB must not continuously transmit for longer period than the maximum occupancy time.
Flowchart of the LBT procedure is shown in Figure 1 [6]. The procedure consist of two parts: initial CCA and eCCA. When the eNB has not transmitted user data for some time and wants to do so, it can perform initial CCA. During initial CCA, it is only observed once whether the channel has been idle for at least the duration of defer period (BiCCA in Figure 1). If the channel has been idle, the eNB can transmit (start transmission opportunity, TxOP). If the channel has been busy, eNB enters eCCA.

When entering eCCA, eNB generates random counter N from 0 to CWS-1. When the medium changes from busy state to idle, the node first waits for a defer period (DeCCA in Figure 1). After channel has been idle for at least the defer period, eNB starts to sense channel slot-by-slot (in terms of CCA slots). The duration of a CCA slot is at least 9 µs, from which at least 4 µs is used for sensing. If the slot is free, the value of counter N is decreased. When counter N reaches 0, then the node can transmit.
The details of CWS adaptation are still to be agreed in RAN1#83. For now, it is agreed that CWS can be adapted at least based on HARQ-ACKs feedback from the UEs.
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Figure 1. Flowchart of DL LAA SCell Cat-4 LBT procedure [6]
2.2. LBT parameters 
If 3GPP tests LBT mechanism, it tests whether it fulfills the specification. The full list of parameters and behaviors that influence the behavior of LBT is given here:
a) Defer period duration
b) CCA slot size

c) ED threshold (CCA sensitivity)
d) Contention Window Size (CWS) adaptation mechanism – increasing CWS, resetting CWS

e) Random backoff generation (or channel access in general)
However, we believe that it is not possible or practical to test all of the above in the traditional way. We see two reasons for this:

1. Implementation choices: for most of the parameters (defer period, CCA slot size) RAN1 will define only minimum requirements and eNB will a choice to use other values. In addition, eNB may also decide to postpone transmission and recheck channel availability in order to align TxOPs across multiple eNBs and/or multiple carriers.
2. Important parts of the LBT behavior depend on presence of other contending nodes on the same channel. For example, CWS adaptation and channel access timing (which depends on random back-off generation) strongly depend on how many other nodes are contending for the channel.
From the above parameters we therefore propose that only the defer period duration and the ED threshold requirements should be defined in the core part. 
The setup for these requirements could consist of DUT eNB, interference source and a measurement device. When interference source generates interference that is above ED threshold, DUT eNB must not transmit. When interference changes from above-threshold-level to below-threshold-level, DUT eNB must not transmit sooner than after the defer period.
Proposal 1: In the core part the defer period duration and the ED threshold requirements should be defined.
3. Conclusion

In this contribution we discussed Cat-4 LBT mechanism for LAA, considered a LBT parameters and behaviours. Taking into account we made following proposal:
Proposal 1: In the core part the defer period duration and the ED threshold requirements should be defined.
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