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1. Introduction
This contribution discusses the following issues regarding channel access procedures to be used by NR-U:
· Mechanism for Cat2 LBT in a 16 us gap after a DL transmission and before a UL transmission in a gNB acquired COT.
· Duration of UL transmissions without LBT and within 16 us of a DL transmission in a gNB acquired COT.
· LBT for DL transmissions containing only UL grants.
· Multi-carrier channel access schemes. 
2. [bookmark: _3j0jhjr243rr]Discussion
This section discusses the above procedures and proposed solutions.
2.1. [bookmark: _yp8nhmz3ahst]Mechanism for Cat2 LBT in a 16us gap after a DL transmission and before a UL transmission in a gNB acquired COT

The following agreement was made in RAN1#97: 

Select one of the following alternatives for Cat2 LBT in a 16 us gap. 
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold.

Some companies have argued that Alternative 1 or 2 (i.e. a single sensing period in a 16 us gap) is sufficient, since there is very little chance of another device sensing the channel to be idle in the 16 us and starting its own transmission. However, this argument doesn’t consider the case where the node that has been transmitting and has left the 16us gap at the receiver is hidden from another node that is also either transmitting or intends to transmit on the same channel. So, the gap as viewed from this hidden node is much longer than 16 us; it may actually be already transmitting in parallel. In this case, the onus is on the receiver (i.e. the node that is required to do LBT in the 16 us) to sense the channel as busy and not transmit over the hidden node transmission. Viewed this way, this LBT at the receiver in the 16 us gap becomes an indirect form of receiver assisted LBT that alleviates parallel transmissions from hidden nodes, by sensing the channel as busy at the receiver and stopping the transmission on its own link.

Please also note the following:
1. The 802.11ax procedure for channel sensing for UL transmission after within 16 us involves the following: 
a) Both Energy Detection and Preamble Detection. 
b) For Energy Detection: The UE is required to detect a busy channel within ~4 us after the signal arrives at its antenna.   
c) For Preamble detection: The preamble need not be detected only within the 16 us gap, but even any time before it leading to setting an appropriate NAV (busy state) at the UE. 

2. So, the 802.11ax procedure for channel sensing in the 16 us gap is stricter and provides better protection against hidden nodes than all the alternatives for NR-U discussed in RAN1#97. 
3. However, among the options, alternative 2 is the closest to the Energy Detection procedure of 802.11ax. 

Considering the above, we propose the following:

Proposal 1: NR-U shall follow Alternative 2 for transmissions after a 16 us gap.

2.2. Duration of UL transmissions without LBT and within 16 us of a DL transmission in a gNB acquired COT

The ETSI harmonized standard EN 301 893 allows transmissions of a Responding Device within the COT of an Initiating Device if the gap between the Initiating Device transmission and a Responding Device transmission is <= 16 us. However, the use of transmissions without LBT can lead to poor performance and unfairness in the presence of hidden nodes, since such transmissions can collide with transmissions from the hidden nodes.

Wi-Fi too allows such UL transmissions without LBT within 16 us of a DL transmission, but with the following restrictions:

a) 802.11ac: ACKs and Block-ACKs which are very short in duration ~50 us.

b) 802.11ax: UL triggered transmissions with duration of UL data packets <= 78us in most cases and <= 512us in some special cases. If the duration of the preamble is also included, the total transmit duration is limited to 128us in most cases and 584us in special cases. For all other scenarios, both physical and virtual channel sensing is mandatory.

Considering the above, we propose the following:

Proposal 2: The duration of UL transmissions without LBT in a gNB acquired COT and within 16 us of a DL transmission, is limited to 512 us or 584 us.
2.3. LBT for DL transmissions containing only UL grants

The following has been proposed, for example in R1-1910947, for the LBT priority class of DL transmissions that contain only control information:
· When a gNB transmission includes only control signals/channels/information without any user plane data, the priority class value for accessing the channel is up to gNB. 

This proposal is based on an assumption that the same behavior is adopted in LAA. It is based on the following text cited in the contribution. “In LAA, the choice of LBT priority class for grant-only transmissions, i.e. PDCCH only, is up to eNB”. However, the text and assumption are incorrect. 

In LAA, it has been ensured that for grant-only transmissions, the priority class is based on the data that is expected to be transmitted. The only LAA agreement is “UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported” and the text “The choice of LBT priority class is up to eNB.” that had been erroneously introduced has been removed (please refer to R1-168210). Also, the actual LAA agreement has to be read along with another agreement as follows: 
 
“When the UE performs 25 microsecond LBT on an LAA SCell,
· There is no additional restriction at the UE (other than the multiplexing rules defined in RAN2) on the type of the traffic that can be carried in the scheduled subframes.
· eNB shall not schedule the UE more subframes than the minimum necessary to transmit all the traffic corresponding to the same LBT priority class or lower (i.e., with a lower number in the LBT priority class table) than the LBT priority class used by the eNB based on the DL traffic and the latest BSR and received UL traffic from the UE.
· The eNB is responsible for making sure that the mapping between QCI and LBT priority class is consistent with section 5.7.1 in TS 36.300.
· The eNB is expected to take the QCI with the lowest priority in the logical channel group into account when defining the LBT priority class for a logical channel group”

Proposal 3: NR-U shall use the same mechanism as in LAA for grant-only transmissions i.e. the LBT priority class shall be based on the data to be transmitted on the UL (as anticipated from the latest BSR and UL traffic received from the UE).

2.4. Multi-carrier channel access schemes 
Proposal 4: The multi-carrier channel access scheme for NR-U shall follow the multi-carrier channel access scheme specified in the ETSI harmonized standard EN 301 893 section 4.2.7.3.2.3.
3. [bookmark: _otzao6ub8l6a][bookmark: _ux46ta7sm59r]Conclusions 

Observation 1: Channel sensing within 16us is required to detect the following:
a) Transmissions from nodes that may detect the channel as idle within the 16 us and start their own transmission.
b) Transmissions from hidden nodes that do not hear the ongoing transmission at all and may hence already be transmitting in parallel.
c) Viewed in this manner, the LBT in 16 us is an indirect form of receiver assisted LBT.

Observation 2: The 802.11ax channel sensing procedure in the 16 us gap consists of both Energy Detection and Preamble Detection. 
a) For Energy Detection: The UE is required to detect a busy channel within ~4 us after the signal arrives at its antenna.   
b) For Preamble detection: The preamble need not be detected only within the 16 us gap, but even any time before it, leading to setting an appropriate NAV (busy state) at the UE.
So, the 802.11ax procedure for channel sensing within 16 us is stricter and provides better protection against hidden nodes than all the alternatives for NR-U discussed in RAN1#97. However, the 802.11ax Energy Detection scheme within 16 us is closest to Alternative 2.
 
Proposal 1: NR-U shall follow Alternative 2 for transmissions after a 16 us gap i.e. it shall do the following: 
· The 16 us measurement period is split into two slots with the first slot having a duration 7 us and second slot having a duration of 9 us. 
· Energy measurement is done in both the 7 us and 9 us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots.

Proposal 2: The duration of UL transmissions without LBT in a gNB acquired COT and within 16 us of a DL transmission, is limited to 512 us or 584 us.

Proposal 3: NR-U shall use the same mechanism as in LAA for grant-only transmissions i.e. the LBT priority class shall be based on the data to be transmitted on the UL (as anticipated from the latest BSR and UL traffic received from the UE).

Proposal 4: The multi-carrier channel access scheme for NR-U shall follow the multi-carrier channel access scheme specified in the ETSI harmonized standard EN 301 893 section 4.2.7.3.2.3.

