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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Two liaisons were received by RAN1 with questions on the intended use of LBT for NR-U, based on text developed for TR38.889 [1] and based on contributions submitted to 3GPP by companies as proposals for NR-U. The LS from ETSI BRAN [2] first clarified the rule for using a paused COT in EN 301 893 [3], and informed RAN1 about a proposal received by ETSI BRAN for revising the rule for allowing short control signaling transmissions.  The LS from IEEE802.11 [4] more specifically asked RAN1 about the intended LBT for the transmission of DRS with NR-U, emphasizing potential coexistence issues if the use of short LBT was expanded beyond DRS to other signals or channels, and in case of multiple NR-U networks transmitting DRS asynchronously. This paper discusses the above points one-by-one, and proposes some elements of response to ETSI BRAN and IEEE802.

[bookmark: _Ref129681832]Discussion on paused COT
The rules for using a paused COT, and the constraint for the continuation of a COT without a pause, are well understood by companies in 3GPP. A paused COT may be used to increase the maximum COT from 6 ms to 8 ms with one or multiple pauses of minimum duration of 100 μs, where pauses cannot happens later than 6 ms within the COT. The pause can apply to an initiating device or to a responding device. Independently of this, the rules also stipulate that a Responding Device may have multiple transmissions on an Operating Channel provided that the gap in between such transmissions does not exceed 16 μs.
ETSI BRAN may have been wondering whether the use of a paused COT is still necessary for NR-U. Even though the gap between an UL grant and the corresponding UL transmission for NR-U is smaller than for LTE-LAA (4 ms), it still takes longer than 200 us for a NR UE between the time it receives an uplink grant and the time the UE can start transmitting. If this gap is not filled with other signals and channels as the continuation of a COT, then NR-U may still be making use of a paused COT. 
An associated question is about closely spaced grant times, i.e. granting multiple consecutive uplink transmissions to a UE where each transmission could be just 2-symbols long (e.g. ~143 us with 15 kHz subcarrier spacing), or possibly granting multiple non-consecutive transmissions to a UE where the time between those transmissions is occupied by transmissions from another UE, as illustrated in Fig 1.
It is our understanding that the case in Fig 1 is not clearly covered by the rules in EN 301 893 because the rules are written from the perspective of just two devices (the initiating device and one responding device). Would transmissions from UE2 qualify as a paused COT from UE2’s perspective thus requiring the first transmission from UE2 to be preceded by a single 25 us LBT, or as the continuation of a COT with gaps of less than 16 us by multiple responding devices? Moreover, the rules do not seem to allow a second transmission from UE1 as part of the COT as in Fig 1 since the gap between the two transmissions is larger than 16 us. It is unclear, however, why such restrictions on multiple transmissions by a UE or by multiple UEs would be imposed by the rules [3]. ETSI BRAN seems to be discussing possible revisions of those rules to clarify or allow the Initiating Device and its Responding Devices to have multiple transmissions with gaps that don’t exceed 16 us or 25 us [5].
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Figure 1 – multiple transmissions from the same UE with a gap longer than 25 us

The network could find alternative ways of scheduling the UEs, since all the scheduling information is available before the end of the downlink part of the COT. One possibility could be for the network to multiplex the UEs in frequency domain across all UL symbols, as in Fig 2. However in case of high traffic load some time-division multiplexing of UEs may still be needed.
[image: ]
Figure 2 – multiple transmissions from multiple UEs without gaps

In conclusion, RAN1 may want to discuss a possible proposal to revise or clarify the rules for COT defined in EN 301 893 to allow multiple non-consecutive transmissions by the same or different UEs in a gNB-initiated COT, unless RAN1 decides that alternative ways of scheduling UEs are sufficiently good for a system perspective.



Discussion on “no LBT” for short control signaling transmissions
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]TC BRAN informed RAN1 that it had received a proposal (see BRAN(18)100006) to (1) ban the use of no LBT transmissions and (2) to restrict the use of short LBT transmissions so that it can only be used 1% of time rather than 5% as currently defined in the clause on Short Control Signaling Transmissions. 
It is to be understood that the proposal to ban the use of no LBT transmissions only applies to the exception granted for short control signaling transmissions, but not to the continuation of a COT by a responding device less than 16 us after the end of the preceding transmission.
LTE-LAA DRS needs to use the clause for short control signal to be compliant in Europe, but additionally requires a short LBT before the transmission of DRS, although the clause in EN 301 893 allowed no LBT for this exception. The same would apply to NR-U for the transmission of DRS using Cat 2 LBT, where the transmissions are limited within a DMTC. Transmission of a 1 ms DRS every 20 ms reaches the 5% limit granted by the exception. Reducing this limit to 1% would allow the DRS to be transmitted only once every 100 ms, which would impact the quality of RRM measurements.



Discussion on short LBT for other signals or channels than DRS
In their LS to RAN1, IEEE 802.11 emphasized proposals submitted to RAN1 for the design of NR-U for:
· Transmission of DRS by the gNB up to 5% of the time when the total duration of such transmissions is up to 1 ms 
· UEs to use short LBT for Random Access, HARQ-ACK, Scheduling Request, Channel State Information, etc. 

It was unclear whether recent evolutions of 802.11 standards are also allowing or exploring the use of more short LBT, although the LS noted that “the simulations also do not appear to model the impact if 802.11ax (or some other systems) suddenly making more use of short LBT too”.
The transmission of DRS is addressed in section 5. The use of short LBT for other signals or channels seems to be relevant to proposals made to initiate a COT with a short LBT, i.e. as part of the short control signaling transmission exception, for signals or channels (e.g. PRACH, PUCCH with UCI only, RS only) other than the NR-U DRS. While such proposals have been made to RAN1, none have so far been agreed. When some of those signals and channels are more critical for the system operation, a higher priority class could be used with Cat4 LBT instead of Cat2 LBT. Further discussions are needed in RAN1 to conclude on those proposals. In any case, if such short LBT was allowed for other DL signals than DRS, then those transmissions would count in the 5% allowance together with the DRS. The impact on the performance of RRM measurements should therefore be considered in this decision, as it would only allow less than 5% duty cycle for the DRS.

[bookmark: _Ref792626]Discussion on channel access for DRS
IEEE 802.11 is asking RAN1 to consider the proposed revisions on the short control signaling transmissions submitted to ETSI BRAN, or to consider the use of Category 4 LBT for the transmission of DRS for NR-U. IEEE 802 expressed a concern that the use of short LBT for DRS signals may be problematic particularly if multiple DRSs were sent by multiple gNBs operating independently on the same channel, i.e. if those gNBs do not have synchronized occasions for transmitting the DRS. While gNBs deployed by the same operator would normally be synchronized, the concern seems to stem for the support of standalone NR-U operation where more than a few (2 or 3) uncoordinated operators could be operating standalone NR-U networks in the same area.
RAN1 is now considering adopting the same mechanism for NR-U DRS as for LTE-LAA DRS. It should be noted that Wi-Fi Beacon can transmit almost any time once LBT succeeds within the beacon transmission interval. However, the potential transmission position of NR-U DRS is quite limited, e.g. every half slot within a DRS transmission window. Coexistence of LAA or NR-U DRS with Wi-Fi beacon is somewhat similar to coexistence between FBE and LBE. In high traffic load FBE will not be able to access the channel as much as LBE, so in all likelihood in such cases attempts would be made to transmit data and DRS together with an access based on Cat4 LBT, but if there is no data to be transmitted then in all likelihood DRS will not be transmitted and the network will switch to a less loaded operating channel. In low load it should not be problematic to use up to 5% duty cycle with short LBT, but if many networks transmit DRS in uncoordinated manner, then once a network has data to transmit it will likely switch to a less loaded operating channel once it is observed that CCA is frequently unsuccessful. 
It has been suggested that 3GPP should depart from the synchronized and scheduled nature of transmissions used for NR and LTE. However 3GPP needs to consider not only the probability of successful transmission of DRS, but also constraints on implementations. It is beneficial for the 3GPP ecosystem to reuse UE implementations and for specifications development to be able to reuse mechanisms specified in Rel-15 NR, such as RRM measurements and the related requirements. The choice to go to a fully unsynchronized type of operation for NR-U may have significant impact on UE and network implementations. While carefully considerations are needed for the design of NR-U, it is understood that limiting the transmission opportunities for DRS within a periodic DMTC window relieves concerns about using Cat2 LBT for DRS.
Discussion on ED threshold
While liaising with ETSI BRAN, 3GPP may want to ask about the implementation of the compromise agreed during the first revision of EN 301 893 towards v2.1.1. The compromise was reached at BRAN#85 to remove the exception granted for performing ED at -62 dBm in the next update of the harmonized standard. The next update is being drafted by ETSI BRAN based on WI REN/BRAN-230016. A final draft for approval is planned by 2019-05-15, the start of the EN approval procedure is planned by 2019-10-15. 
The report [6] states that BRAN reached a compromise agreement which is contained in document BRAN(15)000200r3 [7], from which slide 1 is copied below:
[image: ]

The implementation of the compromise from BRAN#85 by removing the technology specific option would lead to all technologies using the same maximum ED threshold for detecting other devices in the channel, while not precluding using technology-specific preambles in addition to the common ED threshold. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The discussion in this paper provides some elements of response to the LS from ETSI BRAN and IEEE802.11, as well as considerations for the specification work on NR-U in 3GPP, and additional considerations for liaising with ETSI BRAN.
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

The Energy detect (ED) threshold for a 20MHz channel is defined to be less than 

Min (-62 dBm, Max (-72 dBm, -72dBm  + (23dBm – P

max

))), 

where P

max

is defined as the device’s maximum configured transmission power in dBm



Note: it is assumed that the maximum configured transmission power is changed only 

infrequently



The Energy detect (ED) threshold for a 20MHz channel is defined to be less than

-62dBm if the device also does preamble detection (PD) at less than -82dBm



PD  is as defined by IEEE 802.11-2012 and IEEE 802.11ac-2013



This option is only available for use by equipment that only include 5 GHz (PHYs) defined by IEEE 

802.11-2012 and IEEE 802.11ac-2013

Part of this proposed compromise is to remove the technology specific option from the next 

version of this standard.

Compromise baseline text uses ED =-72dBm and allows 

use of PD as a technology specific option
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