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1. Introduction
In the last RAN1 meeting, the following agreements were made: 
Working assumption:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.

Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.

· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule

· FFS: Whether this can be applied to all supported SCS or specific SCS.

· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH

· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)

· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc

Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

Agreement:
For LBT for single carrier transmission, continue down selection between

· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)

· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth

For LBT for multi-carrier transmission in intra-band CA, continue down selection between

· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately

· Alt CA.2. gNB/UE performs single LBT over all CCs

· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC

Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered

· Alt A: The per-beam LBT for different beams is performed in TDM fashion

· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle

· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam

· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams

· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered

· Alt A: The per-beam LBT for different beams is performed one after another in time domain

· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle

· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam

· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams

· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between

· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication

· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication

· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 

· FFS: Whether a gNB and its UE(s) can have different mode

· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication

Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.

· RMSI PDCCH and RMSI PDSCH

· Other broadcast PDSCH

· PDSCH without user-plane data 

· PDCCH

· CSI-RS

· PRS

· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)

Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.

FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.

In this contribution, we continue discussing our views on the follow-up designs. 
2. Discussion
2.1. LBT bandwidth
After the last RAN1 discussion, there was an agreement on the LBT bandwidth:
Agreement:
For LBT for single carrier transmission, continue down selection between

· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)

· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth

For LBT for multi-carrier transmission in intra-band CA, continue down selection between

· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately

· Alt CA.2. gNB/UE performs single LBT over all CCs

· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC

We think for LBT bandwidth, we can follow NRU R16 principle, where baseline is that the LBT bandwidth is equal to the whole active UL BWP and the UE can transmit an uplink transmission only if the LBT is successful over the whole active UL BWP. But nevertheless, the network should be able to configure smaller bandwidth than the active UL BWP as a LBT bandwidth, which is similar to the RB sets defined in the NRU R16. As long as the RB set is configured, the UE will assume the LBT bandwidth is the RB set. We see a similar framework can be reused for 60GHz. 

Proposal 1: support both Alt SC.1 and Alt SC. 3. 
Proposal 2: support both Alt CA.1 and Alt CA.5.

2.2. LBT sensing details

LBT energy measurement during deferral period was discussed in the last meeting and the following alternatives were discussed.  
Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

Proposal:
For energy measurement in 8us deferral period, continue down-selection between the following alternatives

· Alt 1. Two energy measurements are required

· Alt 2. One measurement is required

We think that during the deferral period the device needs to avoid the risk that potential transmission collisions, thus, two energy measurements can greatly reduce the probability that ongoing transmission is not detected during the period. However, with one energy measurement, it has higher probability that a neighboring transmission starts after the energy measurement window. In this respect, we suggest that two energy measurements are adopted. This is also the case in NRU R16. 

Proposal 3: two energy measurements are required during a 8us deferral period. 

For the 5us sensing slot, a minimum measurement duration can be scaled down with respect to NRU R16, where the duration is 4us for a sensing slot of 9us. Thus, for 5us sensing slot, a measurement duration of 2us can be considered. While the location of the measurement is left for implementation as the working assumption agreed in the last meeting. 
Proposal 4: a minimum measurement duration of 2us can be considered.  
Proposal 5: confirm the following working assumption 

Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

On the other hand, in RAN1#104-e meeting, we had extensive discussions on the directional LBT sensing as well as the energy detection threshold, there are some FFS points left and in this section we discuss these points. 
Agreement:

The baseline ED threshold can be computed as
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 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.

· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)

· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP

· FFS definition of Operating Channel BW

· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP
For a directional sensing, the sensing beam may be wider or narrower depending on the implementation. For a narrower sensing beam, the sensed energy is relatively lower. If we stick to a fixed EDT value, it would not be fair for co-existence. Therefore the EDT value should be adjusted according to the sensing beam. The adjustment can take the following principle, when the sensing beam gets narrower, the EDT should be getting smaller. Moreover, the operating bandwidth should be understood as the LBT operation, thus, it is the LBT bandwidth. 
Proposal 6: the EDT value should be adjusted: smaller value is applied when sensing beam is narrower. 
In RAN1#104bis-e meeting, the Pout determination was discussed, and the following working assumption was made. 
Working assumption:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.

The working assumption suggests that the UE updates the Pout value according to the maximum EIRP to be used in the corresponding COT. The consequence of this working assumption is that it may limit the usage of the UE COT sharing. For instance, when a UE intends to initiate a COT and later it shares the COT to the gNB, if the gNB indicates to the UE to continue UL transmission, the UE may continue using the initiated COT. But if the later UL transmission has a different maximum EIRP, the UE has to abandon the COT and re-initiate the COT. 
Observation 1: the working assumption for Pout might limit the usage of the UE COT sharing. 
Another important aspect discussed in the last meeting was the determination of the sensing beam. A preliminary discussion outcome is that the sensing beam should cover the transmission beam. However, it is not clear how to implement this in the specification. From our understanding, the sensing beam can be seen as a receiver beam and from the NR FR2, it has been defined already the beam pairing between the transmitter beam and the receiver beam. The network can perform Tx and Rx beam training procedure based on downlink reference signals, so that the UE is able to determine the beam pairing. Later, when the network schedules downlink transmission, it only indicates the transmission is QCL’ed with a given downlink reference signal. Thus, the UE will can select a paired receiver beam to receive the downlink transmission. The same principle can be applied for the LBT sensing beam. The network can indicate a downlink reference signal and claims that it is QCL’ed (type D) with an uplink transmission, thus, the UE will select a receiver beam paired with the indicated downlink reference signal for the LBT sensing beam. 
Proposal 7: consider using QCL/TCI framework to define ‘cover’. 
2.3. LBT vs. non-LBT 

In some regions, the LBT is not mandated, and in the last meeting, some companies suggested to introduce further condition under which the LBT can be applied in these regions. We truly believe that the simplest way is to use cell-specific signaling for the gNB to control whether LBT is applied. But in order to have better flexibility, a per UE signaling can be a complementary solution. In this case, both Alt 1 and Alt 2 can be supported. On the other side, there is FFS point to study whether the signaling is at a per beam level. The use case is the interference distribution is not uniform and in a certain direction, the interference is higher than the other direction. Thus, per beam LBT indication seems beneficial. Moreover, when the UE and gNB are located in different interference environments, gNB and UE may use different LBT modes. 
Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between

· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication

· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication

· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 

· FFS: Whether a gNB and its UE(s) can have different mode

· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication

Proposal 8: support both Alt 1 and Alt 2 for operation between LBT mode and non-LBT mode
Proposal 9: support gNB and UE having different modes. 

Proposal 10: support LBT mode per beam indication. 

2.4. COT sharing and Cat-2 LBT
In the last meeting, we discussed whether a gap needs to be introduced for the COT sharing, and two alternatives were concluded as follows:  
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration

· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT

We think Alt-3 is the most meaningful option. First of all, if a maximum gap is not introduced. The responding UE can transmit without LBT even after the gap, then there would be likely that the channel is occupied by another transmission, leading to a transmission collision as shown in Fig. 1. Therefore, a maximum gap can help to avoid/relieve this issue.  The value of the maximum gap duration can consider 8 or 13 us, which is equal to the deferral duration or a deferral duration plus a sensing slot duration.  
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Fig. 1: COT sharing without LBT may cause collision if maximum gap is not introduced.
Moreover, the regulation text writes: 
	An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended

for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to

received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall

not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.


The text clearly impose that the responding transmission should be performed immediately after the received frames. With this analysis, we believe that the Alt-3 is the best choice. 

Proposal 11: Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT. The value of Y is 8us or 13us. 

For the one-shot LBT or Cat-2 LBT, it is useful for the COT sharing case, in particular for the case when the maximum gap condition is not met. The UE needs to perform a one-shot LBT to ensure that there is no ongoing transmission in the channel. The sensing duration for the one-shot LBT can be 13us, which consists of a deferral duration and a sensing slot. Two energy measurements are performed during the one-shot sensing duration. 

Proposal 12: introduce Cat-2 LBT with a sensing duration of 13us, which further consists of an 8us duration followed by a 5us sensing slot. 
2.5. Multi-beam access

For a COT containing multiple transmission beams, two scenarios were considered in the last meeting, i.e. MU-MIMO (SDM) and TDM of beams with beam switching. At the end, different alternatives were concluded for these scenarios. 
Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered

· Alt A: The per-beam LBT for different beams is performed in TDM fashion

· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle

· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam

· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams

· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered

· Alt A: The per-beam LBT for different beams is performed one after another in time domain

· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle

· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam

· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams

· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

First of all, we think that Alt A-2 cannot work for the device not supporting full-duplex in TDD mode, as it requires a device to perform transmission and at the same time to perform channel sensing. Therefore, this alternative does not fit for majority of the devices thus should be down-prioritized. Secondly, for Alt A-1 vs. Alt A-3, we think that it may be up to device implementation. For Alt B, it is indeed depending on device capability. 
Proposal 13: For COT containing multiple beams, including MU-MIMO (SDM) and TDM of beams, Alt A-2 is not supported. Alt A-1 and Alt A-3 can be left for implementation. 
2.6. Short control signaling 

According to SI discussion, if no-LBT mode is configured when LBT is required for short control signaling transmission, restrictions to the transmission, such as, on duty cycle (airtime measured over a relatively long period of time), content, TX power, etc. can be discussed when specifications are developed. In EN 302 567, there are some descriptions regarding short control signaling:
	· Using the procedure defined in clause 5.3.8.3, it shall be verified that:

a) The UUT stops transmissions on the current operating channel within a period equal to the maximum Channel Occupancy Time defined in clause 4.2.5.3. The UUT is allowed to respond to transmissions of the companion device and the channel occupancy time shall be less than or equal to the maximum channel occupancy time on the current operating channel.

b) Apart from transmission of the frames for short control signalling (such as, for example, ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming) no frame shall be initiated.

c) The time synchronization and beam forming frames transmissions shall be less than or equal to 10 % within an observation period of 100 ms.

d) On removal of the interference signal the UUT may start transmissions again on this channel. However, this is not a requirement and, therefore, does not require testing.



From the description, we think at least SSB burst and PUCCH carrying HARQ-ACK information can be put into the category of short control signaling. While they must respect the duty cycle of 10% over 100 ms period. 
Proposal 14: PUCCH carrying HARQ-ACK information and SSB burst belong to short control signaling; while the duty cycle limitation should be met. 
2.7. Rx assisted LBT 

As shown in Fig. 3, the procedures of Rx-assisted LBT include two cases. Before gNB’s transmission, the gNB can send a RTS-like signal to the target UE to request transmission. If the target UE receives the RTS-like signal and responds to the gNB with a CTS-like signal to indicate it is ready for reception, the gNB can start the successive DL transmission bursts. If the target UE does not receive the RTS-like signal, or if the target UE receives the RTS-like signal but fails to send the corresponding CTS-like signal to the gNB due to LBT failure, the gNB may give up the transmission of the successive DL burst.
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Fig. 3: The procedures of Rx-assisted LBT
To complete this procedure, the RTS-like and CTS-like signals should be designed for receiver-assisted LBT for unlicensed band in high frequency range. Considering that exist channels should be reused as much as possible, and also considering the reliability of signal detection, it is preferred to carry the RTS signal in a PDCCH and carry the corresponding CTS signal in a PUCCH. Which DCI format should be used to indicate the RTS signals, which information should be carried in the RTS signal, and how to determine the resource for CTS signal transmission can be further studied. 

Proposal 15: RTS-like signal can be carried in a PDCCH and CTS-like signal can be carried in a PUCCH. 

3. Conclusion

In this contribution, we discussed some considerations on channel access mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. The following proposals were made.
Proposal 1: support both Alt SC.1 and Alt SC. 3. 

Proposal 2: support both Alt CA.1 and Alt CA.5.

Proposal 3: two energy measurements are required during a 8us deferral period. 

Proposal 4: a minimum measurement duration of 2us can be considered.  
Proposal 5: confirm the following working assumption 

Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

Proposal 6: the EDT value should be adjusted: smaller value is applied when sensing beam is narrower. 
Proposal 7: consider using QCL/TCI framework to define ‘cover’. 
Proposal 8: support both Alt 1 and Alt 2 for operation between LBT mode and non-LBT mode

Proposal 9: support gNB and UE having different modes. 

Proposal 10: support LBT mode per beam indication. 

Proposal 11: Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT. The value of Y is 8us or 13us. 

Proposal 12: introduce Cat-2 LBT with a sensing duration of 13us, which further consists of an 8us duration followed by a 5us sensing slot. 
Proposal 13: For COT containing multiple beams, including MU-MIMO (SDM) and TDM of beams, Alt A-2 is not supported. Alt A-1 and Alt A-3 can be left for implementation. 
Proposal 14: PUCCH carrying HARQ-ACK information and SSB burst belong to short control signaling; while the duty cycle limitation should be met. 

Proposal 15: RTS-like signal can be carried in a PDCCH and CTS-like signal can be carried in a PUCCH.  
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