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1. Introduction

Since eLAA introduces uplink operation, the LBT procedure for and appropriate requirements should be considered.      
2. Discussion  
LBT is a fundamental component of contention-based channel access.  Essentially, LBT requires that a device before transmitting on the channel first checks that the channel is not already in use.  Only when such a check is satisfied can the device transmit based on grant.  The LBT procedure is documented in TS 36.213 in RAN1.  The objective here is to define requirements on the UE to ensure a minimum level of performance from the RF perspective.  Aspects of the LBT procedure related to timing, deferral, etc., are not intended to be covered in an RF specfication.  
2.1. Review of the basestaton LBT requirement

In [1], LBT requirements for the UE were proposed mirroring the specification agreed for the basestation in Rel-13 LAA.  For review, the basestation LBT core and test requirement as captured in 36.104 and 36.141 are fundamentally an energy detection (ED) requirement and maximum channel occupancy time (MCOT) test.  For the ED test, the core requirement specified in 36.104 is that the basestation must be able to detect that the channel is busy or idle with at least 90% probability for an ED threshold of -72 dBm/20 MHz.  In 36.141, the test procedure states that an intereferer is applied in an ON/OFF manner with each ON and OFF interval defined to be 10ms.  During an interval when the interferer is present, it is applied at a power level of -72 dBm + 4 dB tolerance and it is expected that the basestation does not initiate transmission during this 10ms ON period.  The percentage of instances on a per 10ms basis that the basestation successfully does not initiate transmission during these ON intervals must be greater than 90%.
Before applying these same requirements to the UE, a better understanding of the basestation requirements is necessary to understand if and how they might be applicable to the UE.
The core specification requires “The Base Station shall be able to assess whether the medium is busy or idle” and sets a single detection threshold at -72 dBm/20 MHz for which the basestation must meet the minimum requirement.  One interpretation of this requirement is that if a signal is present on the channel at -72 dBm or above, it should be detected with at least 90% probability. Additionally, if a signal is not present on the channel or is present at a power level less than -72 dBm, the channel should be declared as idle with at least 90% probability.  However, examination of the test procedure in 36.141 reveals that this interpretation is not correct. The test procedure only verifies that a signal at -72 dBm can be detected with greater than 90% probability.  It does not verify the expected behavior if a signal is not present at all or if a signal is present below -72 dBm.  Checking only for the channel “busy” state is consistent with the proposal in [2] and is reasonable in fulfilling an objective to protect the medium. However, it is inconsistent with the core requirement as stated in 36.104.  The core requirement could benefit from an improvement in wording to indicate that only detection of the medium being busy is required if a signal of -72 dBm or larger is present.  There is no requirement if the signal level is less than -72 dBm.
Furthermore, the detection event itself is not clearly defined.  The core requirement refers to 36.213 for a description of the channel access procedure, i.e., LBT procedure, for PDSCH transmission.  In the list of parameters for channel access, the core requirements define a single detection threshold at -72 dBm for a 20 MHz channel.  The minimum requirement, however, only states that the detection probability should be 90% or greater without specific mention of what or how a detection event is defined. One might assume that the detection event with which the minimum requirement is to be applied is the one defined in 36.213.  Specifically, 36.213 defines the procedure as sensing the channel during the slot duration.  The specifications in 36.213 further defines 
“A slot duration 
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is considered to be idle if the eNB senses the channel during the slot duration, and the power detected by the eNB for at least 
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within the slot duration is less than energy detection threshold 
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. Otherwise, the slot duration 
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 is considered to be busy.”
Therefore, it is expected that if signal energy of -72 dBm is present for at least 
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 – 4us, the slot should be detected as busy.  However, inspection of the test procedure in 36.141 shows that the interference ON/OFF time is 10ms and that detection is declared successful so long as anywhere within the 10ms that the interference is present, the channel is detected as busy and transmission either ceases or does not start  

“For every 10ms Interferer ON period, the counter is increased by 1 if there is either an ON/OFF transition or no transmission by the DUT. To pass the test, the counter shall not be less than N*0.9.” [3]

In other words, there is no timing requirement on being able to detection interference within the order of a few us.  There is neither a timing requirement in the core specification, nor is there one in the test procedure.  A more accurate reflection of 36.213 might be described as the basestation responding to interference and not transmitting within a few us following the start of the ON period of the interferer or by setting the ON duration to be on the order of the few us of a slot duration or defer period.  Such a requirement may be appropriately included in the core specification.

Lastly, the minimum channel occupancy time (MCOT) is listed as a parameter within the channel access procedure clause of the core requirement in 36.104.  However, there is no corresponding minimum requirement.  In the test procedures of 36.141, there are defined procedures for MCOT which do reference a minimum requirement, but this is only stated in the test procedures and not in the core requirements.
2.2. For the UE

To properly define the LBT requirements for the UE, it is first necessary to understand how the procedure differs from that of the basestation.

The detection threshold can vary over a range of values, similar to the basestation, as defined in 36.213.  Moreover, for the UE, it is possible that by RRC signaling, the basestation can indicate the desired detection threshold in the range of -85 dBm to -52 dBm to the UE.  As described above, the basestation specifications define minimum performance requirements at a single detection threshold of -72 dBm/20 MHz.  RAN1 agreed that the energy detection threshold requirement for the UE is aligned with the requirement for an eNB as specified in Rel-13 [4].  Therefore, it is appropriate to define the UE detection requirement also for a single threshold at -72 dBm/20 MHz and with a minimum requirement of 90% detection probability.  Similar to the basestation, no requirement is specified for the case when there is no signal present or if the signal present has power level less than -72 dBm/20 MHz. 
However, as described above, a more thoughtful requirement that more accurately reflects the LBT procedure as described in 36.213 should include an element of timing on the order of a slot period or defer period.  For example, the core requirement might require that the UE detect that the channel is busy within 25us of the application of a signal at power level -72 dBm with probability greater than or equal to 90%.

For MCOT, the duration of an uplink transmission from the UE is governed by the uplink grants that it receives from the basestation.  Therefore, there is no need to define the MCOT requirement for the UE since it is enabled and controlled by the basestation.
2.3. Proposal

For uplink operation in Band 46, a channel access procedure for PUSCH transmission as described in TS 36.213, clause 15.1.1 is specified.

13.1.1
Channel access parameters
Channel access related parameters for PUSCH are listed in Table 13.1.1-1.

Table 13.1.1-1: Channel access parameters for PUSCH

	Parameter
	Unit
	Value

	Energy detection threshold
	dBm/MBW
	-72 dBm/20 MHz
	-75 dBm/10 MHz

	Detection timing
	microseconds
	25
	25


13.1.2
Minimum requirement 

The UE shall be able to assess that the medium is busy with at least 90% probabiliity for a Gaussian noise signal with bandwidth of at least 20 MHz or 10 MHz and power level at or above the energy detection threshold within the detection timing given in Table 13.1.1-1.
2.4. Example test configuration

As an example test configuration of the LBT requirement, one can consider the scenario where the eNB/testbox schedules the eLAA DUT for an uplink grant at time T0.  Immediately preceding T0, the UE should perform a 25 us one-shot LBT procedure.  During the duration of this 25 us, the testbox injects a bandwidth-limited Gaussian noise interferer on the channel at the threshold level + tolerance.  It is expected that the UE does not transmit in its uplink grant.  In the case that the interfering signal is not present, or is present at a level below the threshold – tolerance, the UE can transmit but there is no requirement on idle channel detection.
3. Conclusion
The RF requirements for LBT in the UE are proposed in this contribution.  A review of the equivalent basestation requirement is provided and slightly adjusted for applicability to the UE.  An example is also provided on how the test case might be defined.
The following is proposed

13.1.1
Channel access parameters
Channel access related parameters for PUSCH are listed in Table 13.1.1-1.

Table 13.1.1-1: Channel access parameters for PUSCH

	Parameter
	Unit
	Value

	Energy detection threshold
	dBm/MBW
	-72 dBm/20 MHz
	-75 dBm/10 MHz

	Detection timing
	microseconds
	25
	25


13.1.2
Minimum requirement 

The UE shall be able to assess that the medium is busy with at least 90% probabiliity for a Gaussian noise signal with bandwidth of at least 20 MHz or 10 MHz and power level at or above the energy detection threshold within the detection timing given in Table 13.1.1-1.
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