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1 Introduction
In the last RAN1 meeting [1], the following agreements regarding channel access for NR-U were made:
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: 
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz














This contribution discusses the design considerations for sub-7 GHz NR-U channel access, including the omni-directional/directional listen-before-talk (LBT) for multi-beam operation, no-LBT option, LBT with handshake mechanism, LBT for wide-band operations, LBT for SS/PBCH blocks and random access, and LBT for FBE-based NR-U.
2 Baseline Channel Access Frameworks for NR-U
To guarantee fair coexistence with the incumbent Wi-Fi system in the 5 GHz unlicensed spectrum, LTE Rel-13 licensed-assisted access (LAA), Rel-14 enhanced LAA (eLAA), and Rel-15 further enhanced LAA (FeLAA) introduced energy detection based omni-directional LBT protocols (e.g., CAT-4 LBT and single-shot LBT), which are performed at the potential transmitter side for both downlink and uplink operations. As agreed in RAN1 #93 [1], such LBT procedures can be utilized as the baseline channel access framework for sub-7 GHz NR-U. 
To support the multi-beam operation of sub-7 GHz NR-U, the directionality is also an important design consideration for the LBT operation. The baseline option to perform LBT omni-directionally by the potential transmitter can provide good coexistence with the incumbent systems, such as when NR-U coexist with another Wi-Fi network in 5 GHz band. Another option to cope with directional transmissions of NR-U and improve spatial reuse is for the potential transmitter to perform a directional LBT over its intended transmit beam direction. This option can be used for NR-U and NR-U coexistence in the 5 GHz or 6 GHz band. However, for directional communications wherein the interference perceived by the directional transmitter and its associated directional receiver differ drastically, the effect of hidden node issue and exposed node issue for directional LBT may be increased compared to omni-directional LBT. 
Proposal 1: Support directional LBT performed at the potential transmitter side for NR-U, and further evaluate the directional LBT performance and corresponding hidden/exposed node effects.
3 No-LBT Option for NR-U Channel Access
A no-LBT option is observed to be beneficial for NR-U in 5 GHz and/or 6 GHz [1], which can be supported subject to regulation restrictions. Specifically, the no-LBT option can be used at the DL/UL switching point(s) within the shared channel occupancy time (COT) obtained by gNB, if the gap between the start of UL (DL) transmission and the end of previous DL (UL) transmission is within 16 μs; otherwise a single-shot LBT of 25 µs is needed. This restriction for the no-LBT option can be applied to 5 GHz band, and potentially 6 GHz band as well. More details on the LBT considerations for DL/UL switching within the COT are provided in our companion contribution [2]. 
Proposal 2: No-LBT option can be used at DL/UL switching point within the shared COT of gNB, if the gap duration is within 16μs.
4 LBT with Handshake Mechanism for NR-U
In general, a potential transmission in the unlicensed band can be granted channel access if the following two conditions are met: (1) the receiver(s) of the potential transmission is ready to receive; and (2) the potential transmission will not cause strong interference to the receivers of ongoing transmissions. Condition (1) ensures that the potential transmission can have enough SINR and can avoid the hidden node issue, while condition (2) ensures that the potential transmission can provide fair coexistence with ongoing unlicensed transmissions. LBT schemes that are performed at the potential transmitter side can only approximately satisfy both conditions. 
A general approach for NR-U transmissions to satisfy both condition (1) and condition (2) is through supporting a configurable handshake mechanism between gNB and UE, on top of the LBT schemes discussed in Section 2 for data transmissions. Specifically, the handshake messages can include: a channel access request (CARQ) message, which can be transmitted by the potential transmitter upon successful LBT for data transmission; and a channel access response (CARP) message, which can be transmitted by the receiver upon receiving CARQ and after successful LBT (e.g., single-shot LBT). The CARQ (CARP) message can include the following information: the indicator for CARQ (CARP), the transmitter (receiver) identity, transmitter (receiver) beam direction information, the maximum channel occupancy time (MCOT), etc. Figure 1 illustrates an example of the LBT with handshake mechanism for NR-U downlink transmission. 


Figure 1. Example of LBT with CARQ/CARP exchange for NR-U downlink transmission
For a potential NR-U transmitter and receiver pair with the handshake mechanism, the transmission can be granted if (1) the LBT for data transmission at the transmitter side is successful; (2) the CARQ/CARP message exchange between the transmitter and receiver is successful; and optionally that (3) through monitoring the CARQ/CARP messages from other NR-U transmitter/receiver pairs, the potential NR-U transmitter can determine that its transmission will not cause strong interference to existing transmissions. Figure 2 illustrates an example where gNB1 is transmitting to UE1; and gNB2 intends to transmit to UE2. Despite gNB2 can succeed in the directional LBT scheme, gNB2 can decide to not transmit to UE2, since UE2 will fail to respond the CARP addressed to gNB2 and/or gNB2 can receive the CARP message from UE1 that is addressed to gNB1. Therefore, the handshake mechanism can be combined with the LBT scheme for NR-U to achieve fair and efficient channel access with the coexisting radio access technologies (RATs), which can be beneficial for both omni-directional and directional LBT schemes from Section 2.


Figure 2. Example of addressing hidden node issue with handshake mechanism
Proposal 3: NR-U can support LBT with handshake mechanism as a fair and efficient channel access scheme, and further investigate the details for handshake exchange procedure and handshake message design.
5 LBT for Wideband Operation of NR-U
Compared to LTE-LAA where the channel bandwidth per carrier is 20 MHz, sub-7 GHz NR-U supports wideband operation with up to 100 MHz channel bandwidth per carrier. In addition, in order to support UEs with different capabilities, NR has introduced the support for bandwidth part (BWP), such that the network can configure up to four DL/UL BWPs for the UE. LBT designs to support such wideband operations shall be considered for sub-7 GHz NR-U. 
For 5 GHz unlicensed band, the nominal channel bandwidth of a single operating channel is 20 MHz [3]. In order to fairly coexist with Wi-Fi, the bandwidth for a single carrier and BWP of sub-7 GHz NR-U can be allocated in the units of 20 MHz, which can also comply with the nominal center frequencies for the nominal channel bandwidth of 20 MHz [3]. 
Proposal 4: Sub-7 GHz NR-U can allocate a single carrier and BWP in the units of 20 MHz for fair coexistence with Wi-Fi. 
To transmit over a carrier or a BWP, the baseline approach is to perform the LBT over the entire bandwidth of the carrier or BWP, which is simple to implement and can fully utilize the entire band if LBT succeeds.  However, the wideband LBT can fail due to interfering transmissions over only certain sub-band(s), such as an LTE-LAA or Wi-Fi transmission with 20 MHz bandwidth, as shown in the example of Figure 3 (a). 
In another approach, to transmit on a wideband carrier or BWP (e.g., multiple of 20 MHz), LBT can be performed over multiple sub-bands in parallel with each sub-band being 20 MHz. The multi-carrier LBT procedures of LTE-LAA can be used as the baseline to perform LBT over multiple sub-bands [4], and the sub-bands that succeed in LBT can be utilized for transmission. Compared to performing LBT over the entire wideband, this approach can improve the spectrum utilization, as shown in the example of Figure 3(b). To achieve efficient DCI transmission under the sub-band LBT, gNB can configure CORESET on a per sub-band basis, and that gNB can transmit DCI on the sub-band(s) that have passed the LBT. 




Figure 3. Example of LBT for wideband operations
[bookmark: _GoBack]Proposal 5: Sub-7 GHz NR-U can support sub-band LBT to transmit over a wideband carrier or BWP, and further investigate the sub-band LBT procedure with multi-carrier LBT of LTE-LAA as the baseline.
6 LBT for SS/PBCH Blocks
In NR Rel-15, each SS/PBCH block (SSB) occupies 4 OFDM symbols in the time domain and 20 PRBs in the frequency domain, and the possible SSB mapping patterns for different subcarrier spacings are illustrated in Figure 4. 


Figure 4. SS/PBCH block mapping patterns of NR
For sub-7 GHz NR-U, in order increase the channel access opportunity for SSB(s), either a single-shot LBT of 25 µs, or CAT-4 LBT with high LBT priority class shall be performed before the transmission of each SSB (e.g, for case A/C), or before the transmission of consecutive SSBs (e.g., for case B). For example, the single-shot LBT will occupy 1 OFDM symbol with 15 kHz and 30 kHz SCS for SSB. In addition, the following enhancements to the channel access procedure for NR-U SSB transmissions shall be studied: 
· For consecutive SSBs that intend to transmit with different beam directions (e.g., case B), new SSB mapping patterns can be studied to incorporate the LBT resource overhead, or new channel access schemes can be studied such that SSBs can be transmitted consecutively using different beam directions. For example, the LBT can be performed omni-directionally or over a wide beam direction that covers all the intended beam directions for the consecutive SS/PBCH blocks, and the SS/PBCH blocks can be transmitted consecutively with different beam directions if the LBT is successful. Figure 5 provides an illustration of this example.


Figure 5. Example of LBT for transmitting 2 consecutive SSBs
· A SS/PBCH block transmission timing configuration (STTC) method, which is similar to DMTC for Rel-13 LTE-LAA, can be beneficial for NR-U. The details of STTC are provided in our companion contribution [5]. 
· New SSB mapping patterns for NR-U considering the LBT overhead can be designed, if new SCS for SSB is supported (e.g., 60 kHz SCS for sub-7 GHz NR-U), and/or different SSB compositions from NR Rel-15 are introduced for NR-U. 
Proposal 6: Single-shot LBT or CAT-4 LBT with high LBT priority class can be used to grant transmission of a SS/PBCH block, or consecutive SS/PBCH blocks. 
Proposal 7: Study the LBT procedure and the impacts of LBT overhead for SSB mapping patterns of NR-U.
7 LBT for NR-U Random Access
The LBT design for NR-U random access is essential to reduce the overall random access delay. Specifically, in order to ensure a fast PRACH transmission, LBT for PRACH can be a single-shot LBT (e.g., of 25 µs duration) or a CAT-4 LBT with higher LBT priority class (e.g., LBT priority class 1). Compared to the CAT-4 LBT, single-shot LBT is preferred since it has a shorter and deterministic duration, and that the COT of single-shot LBT is suffice for PRACH preamble formats of short sequence length (e.g., 2/4/6/12 OFDM symbols). More details for PRACH LBT consideration are provided in our companion contribution [5]. 
Proposal 8: Single-shot LBT can be used as the LBT option for NR-U.
LBT for random access response (RAR) can be CAT-4 based LBT, potentially with higher LBT priority class for a faster RAR transmission. In this case, Msg3 can share the MCOT of the RAR, and can be transmitted subject to a single-shot LBT. For Msg4, the CAT-4 LBT can be used, potentially with higher LBT priority class. In this case, the UE can share the MCOT with Msg4 and respond the HARQ-ACK subject to a single-shot LBT.
Proposal 9: Msg2 and Msg4 of NR-U random access can use CAT-4 LBT, and Msg3 can share MCOT of RAR subject to single-shot LBT.
8 Channel Access for FBE-based NR-U 
Besides the load-based equipment (LBE) operation mode, NR-U can also support the FBE operation mode. The FBE operations in [2] can be the baseline for channel access of FBE-based NR-U, wherein the gNB performs a single-shot LBT immediately before starting transmission on the operating channel at the start of a fixed frame period.  
For the baseline FBE channel access scheme, when one or multiple synchronized FBE-based NR-U operators coexist in the operating channel, the baseline channel access approach may be inefficient since the gNBs perform LBT at the same time, such that strong interference may exist between neighboring gNBs during the COT. In addition, for asynchronous FBE NR-U, LBT performed by a gNB may always be blocked by the transmission from a nearby asynchronous gNB. 
The above scenarios can be alleviated by supporting directional LBT and directional transmissions by the gNB. For example, LBT by a gNB is less likely to be blocked by neighboring asynchronous gNB when their beam directions are not aligned. As a result, spatial reuse can be improved when directional LBT is supported for FBE-based NR-U.  
Proposal 10: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
9 Conclusions
This contribution considered the overall design considerations for channel access mechanisms in NR unlicensed spectrum and proposes the following.
Proposal 1: Support directional LBT performed at the potential transmitter side for NR-U, and further evaluate the directional LBT performance and corresponding hidden/exposed node effects.
Proposal 2: No-LBT option can be used at DL/UL switching point within the shared COT, if the gap duration is within 16μs.
Proposal 3: NR-U can support LBT with handshake mechanism as a fair and efficient channel access scheme, and further investigate the details for handshake exchange procedure and handshake message design.
Proposal 4: Sub-7 GHz NR-U can allocate a single carrier and BWP in the units of 20 MHz for fair coexistence with Wi-Fi. 
Proposal 5: Sub-7 GHz NR-U can support sub-band LBT to transmit over a wideband carrier or BWP, and further investigate the sub-band LBT procedure with multi-carrier LBT of LTE-LAA as the baseline.
Proposal 6: Single-shot LBT or CAT-4 LBT with high LBT priority class can be used to grant transmission of a SS/PBCH block, or consecutive SS/PBCH blocks. 
Proposal 7: Study the LBT procedure and the impacts of LBT overhead for SSB mapping patterns of NR-U.
Proposal 8: Single-shot LBT can be used as the LBT option for NR-U.
Proposal 9: Msg2 and Msg4 of NR-U random access can use CAT-4 LBT, and Msg3 can share MCOT of RAR subject to single-shot LBT.
Proposal 10: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
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