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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the previous RAN1 meeting #93, the following agreements were reached [1]:
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design

In this contribution, we discuss the existing LBT coexistence mechanism as well as the requirements on spectrum sharing. Furthermore, enhancements such as LBT for wider bandwidth operation (e.g., integer multiple of 20 MHz), quasi-omnidirectional/directional LBT, joint TRP channel access (i.e., spatial reuse), receiver-assisted LBT, as well as FBE-based channel access are discussed. This is a revision of R1-1805919. 
[bookmark: _Ref129681832]Potential enhancements on LBT mechanism
LBT for wider bandwidth operation
Compared to LTE-based releases, NR supports wider bandwidth operation in licensed bands. Wider bandwidth operation provides benefits in unlicensed bands [5].  In RAN1#88 meeting, it has been agreed that the maximum channel bandwidth per NR carrier is 100MHz for below 6 GHz, and the maximum number of NR carriers for CA and DC is 16 in Rel-15. 
As per the agreement in previous RAN1 meetings, subband LBT could be used to support wider bandwidth operation in NR-U. In this scheme, the operating bandwidth is split into multiple subbands and LBT is carried out individually on each subband. Usually, the subband is set as the minimum operating bandwidth in target frequency band for the sake of coexistence. Multi-channel LBT in LTE LAA (i.e., Type A/B) is a typical example where each subband is 20MHz in 5GHz bands. It is possible to support transmission on a subband of the carrier operating on a wider bandwidth, hence achieve high channel access opportunity. Considering the power consumption, LBT is usually carried out in time domain for each subband. The computational complexity will increase linearly with the number of subbands. Taking 20 MHz as the bandwidth of a subband, 8 LBT attempts for 160 MHz carrier operation is needed every 9 µs. The computational load could be overwhelming while the LBT attempt times reach to 32 if the number of CC increases by 4. 
Wideband LBT, in contrast, can be used to reduce the complexity of LBT for wider bandwidth operation. For example in 5 GHz Wi-Fi systems, if energy detection (CCA-ED) on wideband of 40MHz and 80MHz are taken on the preconfigured secondary channels, at most 4 ED attempts will be taken per time slot of 9 µs assuming the same 160 MHz operating bandwidth. In order to facilitate wideband LBT, standard effort on channelization for each channel bandwidth is required to avoid interfering subband transmission. On the other hand, interference on subbands could also block the transmission on the whole wide band, which decreases the system performance. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK30][bookmark: _GoBack]Proposal 1: In addition to subband LBT (e.g. 20 MHz), wideband LBT spanning more than one 20 MHz channel should be supported for wideband operations of NR in the unlicensed spectrum, in order to reduce the LBT complexity and energy consumption, especially when accessing multiple wideband carriers.   
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK27]Given the advantages and the disadvantages of both the subband and wideband LBT modes, it is intuitive that an efficient and robust design of the NR-U LBT mechanism should not adopt one mode and rule out the other.  It is rather possible to balance the coexistence requirement, channel acquisition efficiency and implementation complexity through adjusting the LBT bandwidth semi-statically or dynamically. For instance, the wideband LBT mode can be semi-statically enabled in scenarios where the absence of other coexisting technologies in the operational bandwidth can be guaranteed in the long-term sense, or dynamically enabled when the LBT procedures on multiple contiguous subbands have been successful for a given period of time. Similarly, the subband LBT mode can be dynamically enabled if a wideband LBT procedure has been failing over a given period of time to overcome blocking due to incumbent subband transmissions, or even if a wideband LBT procedure has been successful yet without the transmitter receiving sufficient positive acknowledgements over a given period of time. In the latter case, the LBT bandwidth adaptation would overcome the subband interference from hidden coexisting nodes. 
[bookmark: OLE_LINK23]Proposal 2: Semi-static and dynamic adaptation of LBT bandwidth should be studied for wideband operations of NR in the unlicensed spectrum.
CWS adjustment
It is agreed the LTE-LAA channel access mechanism is adopted as baseline, thus the basic principle of CWS adjustment can follow the legacy LTE-LAA, i.e. the CWS is adjusted based on the HARQ-ACK for the reference subframe(s). But some NR specific design on PHY layer, such as the frame structure, CBG-ACK feedback, and wideband operation, should also be taken into consideration on studying NR-U CWS adjustment rule. 
The timing between data and HARQ-ACK feedback is fixed in LTE, i.e. n+4, or n+3 under latency reduction scenario. Thus the UL reference subframe can be determined as the subframe of the latest burst 4ms or 3ms prior to a received UL grant scheduling a retransmission. In NR-U system, considering the introduction of mini-slot, the PUSCH to UL grant timing is flexible and related with the length of the slot and the gNB processing time. E.g., the HARQ-ACK feedback timing for mini-slot PUSCH is smaller than the timing for full slot PUSCH. Therefore, the timings to determine a UL reference slot should be redefined for different slot lengths to guarantee it is not too large to reflect the channel quality, nor not too small so that the gNB is not capable of scheduling the HARQ retransmission. Considering dynamic switch between mini-slot and full slot, multiple timings based on different slot lengths may also be considered to find a valid reference slot. 
CBG-ACK is introduced in NR to support efficient resource utilization by enabling CBG based retransmission. Due to a similar motivation, it is intuitive to also support CBG-ACK feedback in NR-U. Therefore, the impact of CBG-ACK feedback on CWS adjustment needs to be studied. E.g., how to count multiple CBG-ACKs per TB into the NACK ratio Z in DL CWS adjustment, or the UL CWS adjustment. One candidate solution is to covert CBG-ACK into virtual TB-ACK. For example, the virtual TB-ACK is ACK when all CBG-ACKs for the same TB are ACKs and the virtual TB-ACK is NACK. Alternatively, the virtual TB-ACK can be calculated as the ratio of NACKs in CBG-ACKs for the same TB. 
The CWS adjustment under wideband operation could also be studied. Different from the LTE-LAA system where the LBT is performed per carrier, the LBT and the CWS maintenance for wideband NR-U system could be performed per subband to enable the bandwidth adaptation. Considering the TB bandwidth does not match the bandwidth of CWS maintenance, how to count the HARQ-ACK for a wideband TB into the CWS adjustments for the subbands that the TB spans should be studied. In addition, considering the bandwidth adaptation, the performance of the reference slot would be harmed due to LBT failure. Take a wideband TB for instance, if the LBT fails for some subband(s) and succeeds for other subband(s), it probably leads to NACK for the TB due to the lost information mapped on the LBT failure subband(s). Thus the CWSs for all subbands may need to be increased even for the LBT successful subband(s) which are with good channel quality. How to alleviate the negative impact of NACKed wideband TB due to subband LBT failure to CWS adjustment of the LBT successful subband could be studied. One candidate option is to count both the first slot and the second slot and as reference slots similar to the LTE-LAA DL initial partial subframe case. An alternative is to change the CB mapping pattern to map the CB in a frequency first order within per subband and make use of CBG feedback, thus the subband with all ACKed CBGs may not need to increase CWS.
Proposal 3: NR specific design on PHY layer, including the frame structure, CBG-ACK feedback, and wideband operation, should be taken into consideration on studying NR-U CWS adjustment rule.
LBT in TX/RX beamforming scenarios
Beamforming brings high link gain and enables interference rejection. The narrow beam can enhance the spatial reuse and change the interference layout. For a received signal, the detected energy will be amplified much when the receive beam aligns with the direction of the transmission signal, otherwise it will be attenuated. However, interference fluctuates more dramatically when beamforming is adopted. LBT can still be used while beamforming is performed. 
[bookmark: OLE_LINK41]LBT with energy detection considering no array gain is called quasi-omni-directional LBT. It is used in IEEE 802.11ad/ay systems and can be introduced in the NR-U system. It is very easy to implement and can simplify the system design. The LBT mechanism defined in LTE LAA can be easily reused for quasi-omnidirectional LBT. However, quasi-omnidirectional LBT could cause an over protection problem. For example, one strong signal sensed from one beam direction could block the transmission on all directions even if the transmission will not interfere with the transmissions of other nodes in other beam directions. Quasi-omnidirectional LBT could thus decrease the probability of spatial reuse. 
LBT with energy detection via narrow beam is called directional LBT. It has the merit to improve the probability of successful channel access and enhance the spatial reuse. However, the hidden node problem will be more severe due to the limited sensing direction. Moreover, directional LBT covers one beam direction per transmission and one beam covers a fewer number of UEs in that direction. In order to serve all the UEs in different directions, the gNB has to acquire multiple channel occupancy times (COTs) with multiple LBT attempts. Compared with quasi-omnidirectional LBT, the overhead caused by LBT is increased and it is not clear whether the overall system efficiency is increased or not.  Thus whether there is gain and how much gain can be obtained from directional LBT should be evaluated further. And how to design the directional LBT mechanism to obtain the spatial reuse gain with less overhead needs to be studied as well. Another point which should be considered for the directional LBT design is the LBT energy detection threshold. For instance, higher LBT threshold brings higher probability of channel access, and causes more interference to other nodes. Wider transmit beam width will also increase the interfered region. Meanwhile, larger transmit antenna gain would bring more interference to the specific beam covered area. Larger transmit power would also increase the interference to the surrounding area. How to design a reasonable directional LBT threshold considering possible influential factors should be studied further.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK21][bookmark: OLE_LINK22]For data transmission with high beamforming gain in NR-U, quasi-omni-directional and directional LBT can be considered as two basic schemes. Such LBT mechanisms are well suited for use in new unlicensed spectrum bands or green fields. Meanwhile, more evaluations are needed.     
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Observation 1: More evaluations are needed for quasi-omnidirectional and directional for sub7GHz.  
Joint channel access of neighboring TRPs (Spatial Reuse)
LAA report [6] advises that ‘neighbouring’ TRPs from the same operator network should be grouped together for joint channel access. This could be achieved by aligning the transmission of their individual DL bursts to start at a common target boundary. NR is also designed for operation with full frequency reuse and it would be desirable to utilize this benefit for NR-U. In addition to frequency reuse, other benefits related to coexistence in the unlicensed spectrum can be realized through the joint channel access of spatially separated nodes, such as mitigation of hidden node problems and potential improvement in airtime fairness. It was agreed in previous meetings to study techniques to enhance the spatial reuse. Therefore, in the following section we discuss different enabling techniques of spatial reuse in NR-U. 
[image: Joint TRP single channel-self deferral_3]
Fig. 1 Illustration of joint TRP channel access for spatial reuse using the current LBT procedure including self-deferral periods and CAT2 LBT immediately preceding the common start point ttarget.
Enabling techniques for joint TRP channel access
In the case of joint TRP channel access, a group of TRPs or intra-site panels can exploit the backhaul connections to coordinate their target starting boundary through a centralized logical controller. However, due to the independent LBT procedures of individual TRPs, if a TRP starts transmission immediately after the LBT finishes other in-group TRPs would be blocked upon sensing the transmission of this TRPt. 

LBT for transmission alignment 
Given the current LBT mechanism, the group TRPs can align their LBT procedures towards starting the transmissions at the common target boundary. One feasible solution is for each in-group TRP to apply self-deferral after successful backoff. In such case, individual post-backoff self-deferral periods are aligned based on that common start point.  However, to avoid collisions with the transmissions of other competition nodes which may successfully complete their LBT during the self-deferral period, an additional successful LBT has to precede the transmission of the TRP.  This can be achieved using one of two techniques; 1) Each TRP performs one-shot CAT2 LBT after applying the (idle) self-deferral period, as specified in LAA , such that all in-group TRPs can finish their CAT2 LBT at the common starting point. 2) Each TRP continues with post-backoff LBT during the respective self-deferral period and terminates it at the common start point.
Another possible solution to enable joint TRP channel access without the (post-backoff) self-deferral is for each in-group TRP to align its LBT of duration TLBT only to end at the common target boundary, ttarget, if successful. In other words, each TRP rather defers its backoff period such that it starts at ttarget -TLBT and thus the ending point is aligned to the common ttarget if completed successfully. This is depicted in Fig. 2 in which TLBT , comprising the initial CCA,  is represented by the backoff duration CW. While no additional LBT is required after the TRP’s backoff procedure, this technique further exploits the benefits of joint TRP channel access by inherently avoiding the blocking effects captured in Fig. 1.   
[image: Joint TRP single channel-CCA deferral_3]
Fig. 2 Illustration of joint TRP channel access using LBT deferral with individual backoff aligned to end at the common start point ttarget, when successful.
The LBT computations and energy consumption can also be reduced compared with self-deferral schemes when one or more TRP fail to sense the channel idle immediately before the common start time while the current channel access mechanism would continuously repeat the initial CCA probably until the end of the other in-group COTs.           
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Spatial reuse by NR-U waveform identification
Alternatively, spatial reuse could be achieved by determining whether the interference emanates from NR-Unlicensed nodes or not. Hence, in case of collision, simultaneous transmissions from NR-Unlicensed nodes could be allowed. Therefore, the interference type has to be identified, which could be achieved through NR-Unlicensed specific reference signals or physical layer channels, in which more parameters for spatial reuse can be carried. Hence, the design and transmission of such signals should be studied. Notably, the similar mechanism was adopted in IEEE802.11ax for spatial reuse. Interference type determination could also be performed by energy detection using zero-power resources, e.g., [7], which could be used to distinguish an interference pattern being from the same or different NR operator, the same or different RAT, etc. In [8], it was shown that such detection can be reliable with regards to both detection probability and false detection probability. Hence, RAN1 could further study and evaluate suitable zero-power patterns (e.g., based on ZP-CSI-RS) for determining the interference type.

Proposal 4: The following mechanisms for enhancing the spatial reuse should be studied:
· Methods to determine whether interference originates from other NR nodes, by transmission/detection of:
· NR-U signals
· Zero-power resource elements
· LBT for transmission alignment among coordinated NR nodes

 Receiver-assisted LBT
It was agreed in the last meeting to study whether or not receiver-assisted LBT, among the other potential enhancements, can enhance the performance beyond the baseline LBT mechanisms. In particular, the WiFi-like RTS/CTS type of mechanism is considered. The motivation is to mitigate the problem of hidden nodes by involving the receiver, which is the potential victim of the interference from hidden nodes, in the channel access. Another motivation could be to employ channel reservations for a predetermined COT during which coexisting nodes in the vicinity of the transmitter and the receiver cannot contend to access the channel.  These benefits of the RTS/CTS mechanism can be realized in certain WiFi deployment scenarios despite the increased LBT overhead. However, due to the fundamental differences between the WiFi and the NR air interfaces, we note that the following technical issues need to be resolved: 
· Considering DL transmission to a single UE for instance, the transmission of a CTS-like signal from the UE requires a new physical uplink control channel that can be transmitted either immediately or within 16 μs after decoding the RTS-like signal from the gNB, extracting and adjusting the COT information to indicate it in the CTS-like signal. Current NR PUCCH resource allocation and transmission mechanism do not fulfil such requirements.     
· If multiple UEs are scheduled in the same COT, which is likely with wideband operation, each scheduled UE needs to respond to the RTS-like signal with a CTS-like signal. This could be achieved by
· synchronous transmission of the CTS-like signals;  however, it may not be possible to decode by nodes other than the serving gNB, 
· or sequential transmission of theses CTS-like signals; however it further increases the LBT overhead and requires prior knowledge of how many UEs are scheduled and the order of responding.      
· UEs can be assumed to decode the RTS/CTS-like signals transmitted by other intra-operator gNBs. It is not clear though how UEs can decode such signals from inter-operator gNBs, and similarly, how a gNB can decode such signals from other gNBs.
· Since scheduling of forthcoming slots may take place during the transmission, a pre-determined and reserved COT may result in resource waste if the remaining COT is no longer needed. Additional signalling is thus needed to be able to release the channel if need be.
· Finally, how to handle coexistence with Wi-Fi networks and earlier LTE-based RATs such as (F)(e)LAA or MFA with an RTS/CTS-like  mechanism specifically designed for NR-U.  
[bookmark: OLE_LINK20]Observation 2:  In order to decide whether to introducea receiver-assisted LBT mechanism such as RTS/CTS-like in NR-U, a number of technical issues need to be resolved.

FBE-based channel access
According to the latest ETSI regulations [9], a Frame Based Equipment (FBE) is a device where the transmit/receive structure has a periodic timing with a declared periodicity equal to the Fixed Frame Period (FP) between 1 and 10 ms, and a single Observation Slot, i.e., one-shot CCA of at least 9 μs. Transmissions can start only at the beginning of the FP immediately following a successful CCA. However, an FBE device may change its FP at most every 200 ms. If the FBE device finds the channel occupied, no transmission occurs on that channel during the following FP. Also, the FBE device is allowed to continue short control signaling transmissions on the acquired channel within the MCOT. Furthermore, the COT cannot be greater than 95% of the FP and has to be followed by an Idle Period until the start of the next FP such that the Idle Period is at least 5% of the COT, with a minimum of 100 μs. 
In theory, with the fixed periodicity and fixed CCA duration of FBE, joint TRP channel access can be easily achieved by aligning the FP of intra-operator cells; thereby, CCAs are also performed synchronously and mutual blocking is avoided. However, we note that the following technical issues need to be resolved: 
· Channel access parameters and coexistence with LBE: It is clear that FBE has no access categories defined to achieve QoS differentiation and fairness among different traffic priority classes. Rather, only one parameter, the frame period, controls both the MCOT length and the channel access opportunities. As such, for a traffic that is associated with a priority p and a corresponding MCOTp under LBE to attain the same MCOT length under FBE, a minimum, FPmin, would be imposed such that MCOTp ≤ 0.95 FPmin. This in fact implies the following:
· Even if the channel is idle, the FBE device can only access the channel every FPmin.  That is, in the absence of coexisting LBE or asynchronous FBE devices, QoS would be inferior to that of an LBE device which could be accessing the channel after IFS from the end of its COT. Such degradation would be more pronounced at high traffic arrival rates.
· In the presence of coexisting LBE or asynchronous FBE devices, the FBE channel access opportunities would be further reduced since the idle period is long enough for such coexisting devices to acquire the channel, especially since LBE devices continuously sense the channel.
· Meanwhile, increasing the FBE channel access opportunities by using shorter MCOT than MCOTp would increase the channel access overhead and shorten the time span within which feedback can be provided for data transmitted in the same MCOT.    
· Synchronization requirements: Maintaining synchronous FBE frames across intra-operator cells poses a technical challenge, especially that the FBE observation slot can be a short as 9 μs. If CCAs conducted by different cells are not perfectly aligned, spatial reuse cannot be achieved.    
· Coexistence with FBE of different FP: Since different traffic have different QoS requirements, it is expected that coexisting FBE cells would be using different FPs on the same channel. As such, even if intra-operator cells can be perfectly synchronized, their FBE frames would overlap and often block the channel access of each other and thus compromise the main advantage desired of FBE. Avoiding such consequences suggests that the operator assigns a specific FP and time offset to each channel for all of its cells to apply, at least within the same vicinity. This approach however limits the channels available for use by cells that are serving traffic that require different FP and poses the challenge of how to impose such FP-to-channel assignments on other coexisting operator networks.

Observation 3:  In order to decide whether to introduce an FBE-based channel access in NR-U, a number of technical issues need to be resolved.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]We discussed the existing LBT coexistence mechanism as well as the requirements on spectrum sharing. Furthermore, enhancements such as LBT for wider bandwidth operation (e.g., integer multiple of 20 MHz), quasi-omnidirectional/directional LBT, joint TRP channel access (i.e., spatial reuse), and receiver-assisted LBT are discussed. Following observations and proposals were made: 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 1: In addition to subband LBT (e.g. 20 MHz), wideband LBT spanning more than one 20 MHz channel should be supported for wideband operations of NR in the unlicensed spectrum, in order to reduce the LBT complexity and energy consumption, especially when accessing multiple wideband carriers.   
Proposal 2: Semi-static and dynamic adaptation of LBT bandwidth should be studied for wideband operations of NR in the unlicensed spectrum.
Proposal 3: NR specific design on PHY layer, including the frame structure, CBG-ACK feedback, and wideband operation, should be taken into consideration on studying NR-U CWS adjustment rule.
Proposal 4: The following mechanisms for enhancing the spatial reuse should be studied:
· Methods to determine whether interference originates from otherNR nodes, by transmission/detection of:
· NR-U signals
· Zero-power resource elements
· LBT for transmission alignment among coordinated NR nodes

Observation 1: More evaluations are needed for quasi-omnidirectional and directional for sub7GHz.. 
Observation 2:  In order to decide whether to introduce a receiver-assisted LBT mechanism such as RTS/CTS-like in NR-U, a number of technical issues need to be resolved.
Observation 3:  In order to decide whether to introduce an FBE-based channel access in NR-U, a number of technical issues need to be resolved.
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