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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1]In RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the WID of NR-U, it was described about the specifying support for channel access. During NR-U SI stage, some agreements were reached and can be regarded as a starting point for NR-U WID. 
In RAN1 #97 meeting [2], the following agreements about channel access were reached:
Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis
Agreement:
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. 
Agreement:
Multi-carrier channel access schemes that are applicable to multiple carriers with a single LBT sub-band per carrier that is the same as the carrier bandwidth are also applicable to multiple LBT sub-bands within a carrier when such carriers are used either as a single wideband carrier or as part of carrier aggregation of a set of carriers.
Further, in RAN 84 Meeting, the following consensus for guidance on essential functionality for NR-U channel access has been reached [3]:
Essential
· 16us cat 2 LBT detailed design
· Signaling support for LBT type/priority indication
· CWS adjustment, including reference slot definition, processing timeline, what if no feedback expected or available, CWS adjustment for wideband operation and CG
· Channel access mechanism details for FBE
· UE to gNB COT sharing
Optimizations
· Max TX duration follow cat 1 LBT
· Max number of Cat 2 LBT attempts in a 5ms DRS transmission window
· Wideband LBT with common measurement
· Directional LBT
· LBT to facilitate spatial reuse
· Receiver assisted LBT
In this contribution, we share our views on channel access procedure for NR-U, including Design for Cat-2 LBT with 16 µs, the indication of LBT type/priority, CWs adjustment, LBT for FBE, UE initiated COT sharing with gNB, Maximun TX duration for Cat-1 LBT, LBT for DRS, LBT for wideband operation, Directional LBT, LBT for multiplexing and frequency (spatial) reuse and receiver assisted LBT.
 Channel access procedure for NR-U
 Design for Cat-2 LBT with 16 µs
In LTE-LAA, Cat-2 LBT with 25 µs duration was defined. 25 µs Cat-2 LBT consists of a duration Tf = 16 µs immediately followed by one slot duration Tsl = 9 µs and Tf  includes a duration Tsl immediately followed by a slot duration Ti = 7 µs as shown in Figure 1. Wherein, energy measurement is done in the Tsl = 9 µs with the measurement including averaging for at least 4 µs in any portion of the first and second Tsl = 9 µs slot duration. If the measured energy is lower than the ED threshold, then channel is said to be idle.


Figure1. The definition of Cat-2 LBT with 25 µs duration in LTE-LAA
In RAN1 #97meeting, it was agreed that Cat-2 LBT need to be performed if the gap between DL and UL is 16 µs and the following three alternatives were identified as candidate ways to support Cat-2 LBT with 16 µs:
· 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. 
For Alt 1 as shown in Figure2, it can follow Cat-2 LBT with 25 µs design method in LTE-LAA as much as possible. Wherein, 4us measurement duration is done in any portion of the Tsl = 9 slot, which will help to ensure the fairness of coexistence and more accurately know the availability of channel before transmission and less specification impacts. For Alt 2 as shown in Figure3, in addition to measure energy in the Tsl = 9 µs slot duration, the energy measurement also need to be performed in the Ti = 7 µs duration, which is beneficial to accurately assess current channel status. However, due to introduction of 4us measurement duration within Ti = 7 µs, it will be able to bring some implementation problems for UE side and increase standardization work to some extent, e.g., modify existing energy measurement ways for Tf = 16 µs duration. For Alt 3, compared with the first two alternatives, it will 16 µs duration take as a whole, only the measured energy in any portion of 16 µs duration is lower than the ED threshold, the channel is determined to be idle. It is completely a new definition of energy measurement, we are not clear its benefits to specification impacts and fair coexistence. Based the above analysis, from the respective of minimizing specification impacts and the fairness of coexistence, it is recommended that Alt 1 should be supported for Cat-2 LBT with 16 µs duration.


Figure2. The definition of Cat-2 LBT with 16 µs duration for Alt 1


Figure3. The definition of Cat-2 LBT with 16 µs duration for Alt 2


Figure4. The definition of Cat-2 LBT with 16 µs duration for Alt 3
Proposal 1: From the respective of minimizing the impacts of specification and the fairness of coexistence, Alt 1 that Cat-2 LBT with 16 µs consists of a duration Tsl = 9 µs immediately followed by a slot duration Ti = 7 µs and Energy measurement is done in the Tsl = 9 µs slot with the measurement including averaging for at least 4 us in any portion of the Tsl = 9 µs slot should be supported.
 The Indication of LBT Type/Priority
In the last meeting, Cat-2 LBT had been supported if the gap from DL to UL switching is 16 µs. So far, there are already four different types of LBT schemes such as Cat-1 LBT(No LBT), Cat-2 LBT with 16 µs, Cat-2 LBT with 25 µs and Cat-4 LBT to be supported in NR-U. In these types, which type of LBT to use depends on the length of gap between DL and UL. For the length of gap, Only gNB knows while UE does not. Therefore, we think that LBT type used by UE should be indicated by gNB.
Proposal 2: LBT type used by UE for UL transmission should be indicated by gNB.
Besides, further discussion is needed on whether LBT priority should be indicated to UE. If Cat-4 LBT is indicated to UE for PUSCH transmission, it doesn’t seem necessary for gNB to indicate LBT priority to UE due to channel access priority class is selected according to the data. Further, lowest LBT priority class value has been specified/predefined for certain channels/signals such as SRS-only, RACH-only or PUCCH-only, then it is unnecessary to indicate LBT priority to UE again. The above contents have been agreed in NR-U SID. Therefore, we believe that LBT priority is unnecessary to be indicated to UE.  
Proposal 3: LBT priority is unnecessary to be indicated to UE when Cat-4 LBT is indicated for SRS-only, RACH-only or PUCCH-only.
 CWS adjustment
In LTE LAA, DL CWS is determined based on the NACK ratio Z of the HARQ-ACKs for the TBs in the DL reference subframe. UL CWS is determined based on the presence of ACK feedback for the TBs in the UL reference subframe or the HARQ process.
 CBG based HARQ-ACK feedback
In NR, CBG based HARQ-ACK feedback is introduced. In NR-U, if CBG based HARQ-ACK feedback is configured, it needs to be further studied how to count multiple CBG-ACKs per TB into the ACK/NACK ratio Z in CWS adjustment. The following candidate solutions can be considered.
· Alt-1: CBG level ACK/NACK is converted into TB level ACK/NACK. Wherein, the ACK/NACK ratio Z is of TB level.
For example, if all CBG for the same TB within the reference slot are ACK/NACKs, the CBG level ACK/NACK for the TB is counted as a TB level ACK/NACK. If one of all CBG for the same TB within the reference slot is ACK/NACK, the CBG level ACK/NACK for the TB is counted as a TB level ACK/NACK. 
· Alt-2: Redefinition of ACK/NACK ratio Z in order to include TB level ACK/NACK and CBG level ACK/NACK.
ACK/NACK ratio Z can be defined as the ratio of total number of ACK/NACK of TB and CBG and total number of transmitted TB and CBG within the reference slot/subframe.
Proposal 4: If CBG based HARQ-ACK feedback is configured for NR-U, ACK/NACK ratio Z can be counted/determined by one of the following methods:
· Alt-1: CBG level ACK/NACK is converted into TB level ACK/NACK. Wherein, the ACK/NACK ratio Z is of TB level.
· Alt-2: Redefinition ACK/NACK ratio Z in order to include TB level ACK/NACK and CBG level ACK/NACK.
 Reference Slot
For DL/UL reference subframe determination, when NR-U supports flexible DL/UL scheduling/HARQ timing, how to determine the reference slot needs to be discussed. Although NR-U can adapt to flexible timing relationship between PDSCH and UL HARQ feedback, between PUSCH transmission and retransmission, and so on, the reference slot for CWS adjustment should still be defined as the first slot or the first and second slots of the latest DL/UL data burst.
Proposal 5: The reference slot for CWs adjustment should be defined as the first slot or the first and second slot of the latest DL/UL date burst for NR-U.
 CWS adjustment for Configured Grant
In configured grant operation, the CWS adjustment scheme specified in AUL of R14 eLAA can be used as the baseline, further enhancement can be considered for configured grant specific characteristic once the configured grant UL transmission procedure for NR-U is defined. 
Proposal 6: For CWS adjustment for configured grant, the CWS adjustment scheme specified in AUL of R14 eLAA can be used as a starting point for study.
 CWs adjustment for PRACH
In standalone and dual connectivity scenarios where all UL channels will be transmitted on an unlicensed carrier, it is necessary to consider whether PRACH should be included within the CWs adustment mechanism or not. If yes, CWs adjustment rules for PRACH will need to be further studied and discussed.
Proposal 7: If CWs adjustment for PRACH is supported for NR-U, it is recommended that specific CWs adjustment rules should be further studied and discussed. 
 LBT for FBE
In the ETSI BRAN specifications[4], Frame Based Equipment (FBE) is equipment where the transmit/receive structure has a periodic timing with a periodicity equal to the fixed frame period as shown in Figure5. the initiating device such as gNB shall perform a one-shot LBT(Cat-2 LBT) at the begin of the fixed frame period, if the measured energy in channel is lower than the ED threshold, then gNB shall think channel to be idle and start transmission immediately.
[image: ]
Figure5. Example of timing for Frame based Equipment
For synchronous system, when multiple devices coexist in the operating channel, then it is possible that channel access is always successful since they perform LBT simultaneously. Although this has less specification impacts, there may be a risk of strong interference for gNBs within channel occupancy time.
For asynchronous system, LBT performed by a gNB may always blocked by the transmission from a nearby asynchronous gNB, which will result in low channel access probability and unfair channel access opportunity. In order to alleviate this issue, multiple CCAs opportunities such as enhanced Cat 2 LBT can be introduced for FBE based LBT. Wherein, multiple CCAs opportunities is cell specific.
For multiple CCAs method, in each CCA time window (e.g., idle period as in Figure5), there is more than one CCA time. Wherein, the starting position of CCA can be randomly selected in the pre-allocated CCA detection time window(idle period). If channel is said to busy on the first selected CCA position, then it can still randomly select the next CCA detection position in the rest of the CCA detection time window. And so on, until the CCA results indicate the channel is available, the UE would transmit UL data in the scheduled resources or in the channel occupancy time, as shown in Figure6. Alternatively, in a given CCA time window (idle period), the starting position of CCA can be any time of CCA time window as shown in Figure7. These two methods can not only solve unfairness problem caused by NR-U node timing difference but also increase the channel access opportunity of NR-U nodes.


Figure6. Randomly selection the starting position of CCA in the pre-allocated CCA time window for FBE



Figure7. Randomly selection the starting position of CCA in theCCA time window for FBE
Evaluation results are provided for an indoor deployment of NR-U+NR-U with FTP traffic and compare the fairness performance between enhanced Cat-2 LBT such as multiple CCA opportunity with Cat-2 LBT through simulations.
Table1. Fairness comparison between enhanced Cat-2 LBT and Cat-2 LBT
	Reported parameters
	Cat 2 LBT
	Enhanced Cat 2 LBT

	
	Opt A
	Opt B
	Opt A
	Opt B

	DL:   UPT CDF [Mbps]
	5%
	33.9
	18.0
	22.9
	29.7

	
	50%
	82.0
	74.2
	63.2
	81.0

	
	95%
	141.8
	129.4
	131.3
	134.3

	
	Mean
	96.3
	74.6
	81.3
	84.4

	DL:  Delay CDF [s]
	5%
	0.019
	0.020
	0.020
	0.020

	
	50%
	0.041
	0.049
	0.041
	0.061

	
	95%
	0.150
	0.150
	0.164
	0.150

	
	Mean
	0.062
	0.076
	0.080
	0.065

	𝜌DL(%)
	99.8
	99.8
	98.1
	99.6

	BO (DL)(%)
	25.9
	22.0
	30.8
	22.0

	𝜆
	1.2 files/s



It is observed that enhanced Cat-2 LBT such as multiple CCAs method has better performance than Cat-2 LBT as shown in Table 1 for the case of asynchronous NR-U nodes. 
Proposal 8: The method of Randomly selection the starting position of CCA in CCA time window (idle period)  can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of channel access for NR-U nodes.
 UE initiated COT sharing with gNB
In 38.889, the following consensus has been reached, “It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported.” For this case, UE initiated COT can reuse the same rules as gNB initiated COT. That is to say, if UE obtains channel by Cat-4 LBT, it is possible for gNB to share the UE initiated COT to transmit DL data. Wherein, UE initiated COT information can be carried in UCI such as CG-UCI for configured grant PUSCH resources and in PUCCH for scheduled PUSCH. Besides, gNB may indicate UE to stop its UL transmission earlier to leave LBT gap for gNB to access channel. gNB may also indicate to UE that it has DL data to be transmitted so that UE can stop its UL transmission earlier. 
If the same UE is scheduled on the remaining resources within UE initiated COT after DL transmission, then Cat-2 LBT can be performed if the gap is 16us or larger than 25us and LBT type can be indicated by gNB to UE. However, if the different UE is scheduled on the remaining resources within UE initiated COT after DL transmission, then in order to keep fair coexistence with Wi-Fi, gNB can indicate Cat-4 LBT to UE and initiate a new COT. By contrary, Cat-2 LBT is indicated to UE that is not initiating COT, then it will result in less channel access chances for other devices being detection and unfairness to some extent. More specification impacts need to further be discussed and evaluated.
Proposal 9: UE initiated COT can be shared with gNB at least for DL data/control signal meant for the same UE. But it need to further be discussed and evaluated for UE initiated COT shared with other UEs considering that fair coexistence with Wi-Fi/nodes of same system.
 Maximum TX duration for Cat-1 LBT
In ETSI BRAN specification, clause 4.2.7.3.1.5, the following content was mentioned, “ the responding device may proceed with such transmission without performing a clear channel assessment (CCA) if these transmissions are initiated at most 16us after the last transmission by initiating device that issued the grant”. From the above statement, we can only see that Cat-1 LBT (No LBT) can be applied without any restrictions on the duration of transmission for responding device if the gap between gNB and UE is no more than 16 us. Based on this, it is recommended that  the maximum TX duration for Cat-1 LBT should not be limited. Preferably, maximum TX duration within a gNB initiated COT only can be determined according to MCOT duration limit. 
Observation 1: Considering that no any restriction on maximum TX duration for Cat-1 LBT in ETSI specification, it is recommended that  the maximum TX duration for Cat-1 LBT should not be limited. 
 LBT for DRS
 Application Scenarios for Cat-2 LBT
According to the conclusion of the last meeting, Cat-4 LBT is used for DRS duty cycle when DRS transmission is longer than 1/20 or the total of DRS duration is larger than 1ms. Cat-2 LBT can be performed only for DRS duty cycle smaller than 1/20 or the total of DRS duration smaller than 1 ms. For this agreement, our understanding is that Cat-4 LBT is just used before the DRS multiplexed with unicast date are transmitted. Besides, Cat-4 LBT can also be used before DRS burst set starts transmission, wherein, duration of DRS burst set > 1ms or duty cycle of DRS burst set in a DRS period >1/20. 
Besides, Cat-2 LBT can be used for the following situations:
Case 1: Within DRS burst set, if there is an empty symbol/gap between DRS bursts (half-slot), Cat-2 LBT can try to be performed as shown in Figure 8. 


Figure8. An example of LBT for DRS burst set and DRS burst
Case 2: Within DRS transmission window, if a new DRS burst set is initiated by gNB and its duration is smaller than or equal to 1 ms and the total duty cycle of DRS transmission in a DRS burst set period is not larger than 1/20, then Cat-2 LBT can try to be adapted before this new DRS burst set as shown in Figure 9. In another case, if gNB uses Cat-4 LBT to detect channel busy all the time and only a few SSB candidate positions remain before the ending of DRS transmission window, then it can be considered to use Cat-2 LBT for DRS burst set transmission.


Figure9, An example of LBT for DRS burst set and DRS burst transmission (total duty cycle >1/20)
Case 3: Before DRS burst set that only occupies 1ms channel time, which is similar to LTE-LAA DRS. Cat-2 LBT can be considered, as shown in Figure 10. However, if the length of DRS burst set is larger than 1 ms or duty cycle is larger than 1/20 in the next period of DRS burst set, then Cat-4 LBT should be performed. 


Figure10. An example of LBT for DRS burst set >= 1 ms
Case 4: If the adjacent two SSBs (DRS bursts (half-slot)) within DRS burst set is non-QCL’d relationship and there is a gap between non-QCL’d SSB or beam switching occurs, Cat-2 LBT can be used in order to fast access channel and accurately access current channel status. Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
Case 5: Cat-2 LBT mechanism can also be considered for the wideband or CA scenarios, which is similar to LTE-LAA multiple CCs (e.g., Type A/B) manner. 
Based on the above analysis, the LBT mechanism for DRS transmission should be considered according to different situations.
Proposal 10: Cat-4 LBT can be used for the following cases:
· Before the DRS multiplexed with unicast date are transmitted (agreed in RAN1#96).
· Before DRS burst set starts transmission and DRS burst set duration is larger than 1 ms or the total duty cycle of DRS transmission in DRS burst set period is larger than 1/20.
Proposal 11: Cat-2 LBT can be considered to be used in the following situations:
· Case 1: Within DRS burst set, if there is an empty symbol/gap between DRS bursts (half-slot),.
· Case 2: Within DRS transmission window, if a new DRS burst set is initiated by gNB and its duration is smaller than or equal to 1ms and the total duty cycle of DRS transmission in a DRS burst set period is not larger than 1/20, or if gNB uses Cat4 LBT to detect channel busy all the time and only a few SSB candidate positions (e.g., 2 SSBs) remain before the ending of DRS transmission window.
· Case 3: Before DRS burst set that only occupies 1 ms channel time, which is similar to LTE-LAA DRS.
· Case 4: If the adjacent two SSBs (DRS bursts (half-slot)) within DRS burst set is non-QCL’d relationship and there is a gap between non-QCL’d SSB.
· Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
· Case 5: for case where multiple sub-band case in the wideband operation or multiple carriers/BWPs case.
 The maximum number of Cat2 LBT attempts in a 5ms DRS transmission window
Within a 5ms DRS transmission window,  the number of candidate SSB positions Y is 10 for 15kHz SCS and 20 for 30kHz SCS. Further, since one SSB is defined in each half slot, it is natural to set a DRS shift granularity to be a half slot, which is beneficial to increase DRS transmission opportunities. Therefore, we propose that gNB can attempt Cat-2 LBT for any candidate SSB position within a 5ms DRS transmission window. If channel is said to be idle by using Cat-2 LBT, then gNB will start transmission DRS burst set immediately from the first available SSB position. Besides, If the number of SSBs that need to be actually transmitted is larger than the number of SSBs contained in the DRS burst set that has been transmitted currently, a new Cat-2 LBT should be performed before the remaining SSB contained in the next DRS burst set are transmitted. 
On the other hand, we do not also see a need for restriction the maximum number of Cat2 LBT attempts. If it is limited only to friendly coexistence with Wi-Fi, we think that it has been shown with performing Cat-2 LBT on each DRS burst set or candidate SSB transmission. Further, if you blindly limit the number of Cat-2 LBT attempts, then it will impede DRS transmission and be harmful to the standalone scenario.
To sum up, we suggest that Cat-2 LBT can be attempted on each candidate SSB position within a 5ms DRS transmission window.
Proposal 12: Considering that DRS transmission opportunities and application scenarios(e.g., Standalone Scenario), it is recommended that Cat-2 LBT can be attempted on each candidate SSB position within a 5ms DRS transmission window.
 LBT for Wideband operation
In order to transmit on the wideband carrier, a straightforward way is to perform LBT operation over the entire wideband carrier, which can fully utilize the entire wideband carrier if LBT is successful. When the entire wideband carrier consists of multiple 20 MHz carriers, LBT of wideband carrier would fail if any one of multiple 20 MHz carriers within wideband carrier is busy. In order to increase the chance of channel access, another way is to perform LBT on each 20 MHz carrier. LBT for multiple carriers can be done in a similar manner as it is done for LTE-LAA multiple CCs (e.g., Type A/B) in TS 36.213 Section 15.1.5 [5]. Compared with LBT of wideband carrier, LBT on multiple 20 MHz carriers can improve the spectrum utilization and coexistence fairness with incumbent systems. Based on this, LBT of LTE-LAA multiple CCs (e.g., Type A/B) manner can be used as starting point for research LBT for multiple carriers.
Proposal 13: LBT of LTE-LAA multiple CCs (e.g., Type A/B) manner can be used as starting point for research LBT for multiple carriers.
 Directional LBT Mechanism
In LTE-LAA, in order to guarantee fair coexistence with the incumbent Wi-Fi system in the unlicensed carrier, LBT (listen before talk) with energy detection via omni-directional antenna beam was introduced in LAA and eLAA. 
In NR, SS/PBCH block transmission with beam has been supported to cover the whole NR cell. In NR-U, SS/PBCH block also needs to be supported in some NR-U deployment scenarios to enable initial access and/or measurement and so on. However, according to the regulation requirement of the unlicensed carrier, LBT needs to be performed before the actual SS/PBCH block transmission. If LBT in LTE-LAA is directly reused for beam-based SS/PBCH block transmission, it will lead to inaccurate CCA detection problems, e.g., high interference detected on the omni-directional beam could block the SS/PBCH block transmission on narrow directional beam even if the SS/PBCH block transmission does not interfere with the transmission of the other nodes in other beam directions. Based on this, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission in order to improve the probability of channel access and the accuracy of CCA detection. 
Proposal 14: Directional LBT should at least be supported for beam-based SS/PBCH block transmission in order to avoid inaccurate CCA detection problems. 
In order to better support directional LBT mechanism, some enhancements to current LTE-LAA LBT mechanism are worthy study to avoid interference. For example:
· Enhanced energy calculation method
In order to avoid the inaccuracy of CCA detection results caused by the mismatch between omni-directional LBT mode and directional SS/PBCH block transmission, some enhancements for energy calculation method need to be considered. For example, only the signal energy within the beam range can be used to determine the channel idle/busy condition.
· CCA detection threshold

For LTE-LAA, due to 20MHz channel and omni-directional channel detection mode, the CCA energy detection threshold is unique for the transmission nodes. For NR-U, if channel access uses directional LBT, the CCA energy detection threshold for the transmission node may change due to beamforming gain is introduced in EIRP of  calculation. Wherein, EIRP = Tx power + antenna gain + beamforming gain. Therefore, it is necessary to discuss and study the calculation method of EIRP and appropriate CCA detection threshold for directional LBT in NR-U. 
Proposal 15: Directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. 
 LBT for Multiplexing and Frequency Reuse
In LTE-LAA, frequency reuse among the neighbor nodes of the same operator is supported where maximum ED threshold (-52 dBm) has been agreed. In addition, it is recommended that multi-user multiplexing in one UL subframe on the unlicensed SCell by SDM or FDM should be supported in LTE-LAA. Based on this, multi-user multiplexing and frequency reuse could be also considered to be supported in NR-U. Furthermore, spatial reuse in NR-U has been supported to enhance performance beyond the baseline LBT in RAN1 #92bis meeting.
In order to support multiplexing and/or frequency reuse and/or spatial reuse in NR-U, we can consider blank pattern method in addition to CCA detection approach, which was also mentioned in the other companion contribution [6]. Blank pattern can be at the granularity of PRB level, similar to PRB based interlace structure, e.g., one of interlace units can be used as blank pattern for CCA detection as shown in Figure 11. This requires the energy detection at PRB level. The merit of this method is that NR-U nodes can distinguish that the signal observed on the channel is from other NR-U nodes of the same operator or from NR-U nodes of the other operator or from others UE belonging to the same cell or from other RATs and there are less impact on resource allocation. Preferably, different operators/cells configure different blank patterns and NR-U nodes of the same operator/cell configure the same blank pattern. If no energy is detected in those blank patterns, gNB can assume that at least during this period of time, there is no contention from other unlicensed systems, thus it can operate in licensed mode which tends to be more efficient. 
Further, blank pattern can be also reserved during its reservation signal and/or data transmission. NR-U nodes can detect energy on the blank pattern to estimate the source of interference. Besides, for the blank pattern scheme, RAN1 can send an LS to RAN4 in order to evaluate the feasibility of this scheme.


Figure11. Blank pattern for PRB based interlace structure for uplink 
An example is given to illustrate the blank pattern method to support multi-user multiplexing in the same cell or frequency reuse of inter-cell of the same operator. As shown in Figure 11, orange color part of the picture denotes the CCA detection pattern. Assuming that node1 and Node 2 belong to operator 1/cell 1, the same CCA detection pattern is configured for Node 1 and Node 2. If the node1 first detects the channel idle before transmission, it transmits on at least one of white part or interlace-based scheduling resources and does not transmit any information on the blank identification area in Figure 11. If the detected energy on the blank pattern for Node 2 is lower than the threshold T1, then Node 2 assumes that the current channel is idle and can be reused or multiplexed. Or if the detected energy on the blank pattern for Node 2 is larger than T1 while detected energy on the resources outside the blank pattern in the whole bandwidth is lower than the threshold T2, Node 2 thinks that frequency reuse/multiplexing can be realized, e.g., T1 < T2. Similarly, if Node 1 and Node 2 is scheduled or allocated on the same time-frequency resource along with different beam direction, the blank pattern method is also applicable to spatial reuse of Node 1 and Node 2.
[bookmark: OLE_LINK17]Proposal 16: Frequency reuse/multiplexing should be supported in NR-U and some methods of frequency reuse/multiplexing can be considered such as PRB based interlace structure of blank pattern method.
Proposal 17: For blank pattern scheme, RAN1 can send an LS to RAN4 in order to evaluate the feasibility of this scheme.
 Simulation
In this section, the coexistence evaluation results for indoor deployment for NR-U+NR-U with FTP traffic are provided. Performance is compared between the proposed multiplexing scheme and the no-multiplexing scheme.
Table 2. NR-U and NR-U coexistence evaluation results for indoor deployment
	[bookmark: OLE_LINK3]Reported parameters
	-72 dbm

	
	NoReuse
	ReUse
	NoReuse
	-ReUse
	NoReuse
	ReUse

	DL:   UPT CDF [Mbps]
	5%
	55.4
	55.9
	34.2
	34.94
	16.6
	20.6

	
	50%
	144.4
	144.5
	130.8
	130.1
	70.4
	79.3

	
	95%
	184.6
	1923
	155.2
	169.7
	112.8
	132.3

	
	Mean
	140.3
	141.7
	115.4
	118.0
	66.5
	77.2

	DL:  Delay CDF [s]
	5%
	0.019
	0.019
	0.019
	0.019
	0.021
	0.020

	
	50%
	0.026
	0.025
	0.035
	0.034
	0.087
	0.068

	
	95%
	0.113
	0.114
	0.182
	0.177
	0.837
	0.566

	
	Mean
	0.040
	0.040
	0.059
	0.057
	0.213
	0.157

	UL:   UPT CDF [Mbps]
	5%
	22.1
	22.2
	20.2
	20.8
	14.0
	15.1

	
	50%
	162.1
	162.9
	143.4
	144.7
	96.9
	107.9

	
	95%
	181.6
	181.6
	163.4
	163.2
	139.5
	143.3

	
	Mean
	135.2
	137.0
	122.8
	124.8
	89.1
	97.1

	UL:  Delay CDF [s]
	5%
	0.021
	0.021
	0.021
	0.021
	0.021
	0.021

	
	50%
	0.025
	0.025
	0.030
	0.029
	0.051
	0.046

	
	95%
	0.180
	0.176
	0.193
	0.187
	0.395
	0.342

	
	Mean
	0.050
	0.049
	0.054
	0.053
	0.110
	0.093

	BO (DL)(%)
	8.952
	9.024
	17.128
	17.674
	38.534
	38.626

	BO (UL)(%)
	8.450
	8.321
	14.673
	14.372
	30.817
	27.905

	𝜆
	DL: 0.3 files/s
UL: 0.3 files/s
	DL: 0.5 files/s
UL: 0.5 files/s
	DL: 0.8 files/s
UL: 0.8 files/s



Simulation results show that multiplexing/Frequency reuse with blank pattern schemes can achieve performance improvement compared to no- multiplexing/Frequency reuse and the gain increases with the increase of traffic load.
Proposal 18: Multiplexing/Frequency reuse with blank pattern schemes can achieve performance improvement compared to no-multiplexing/Frequency reuse the gain increases with the increase of traffic load.   
 Receiver assisted LBT
Receiver assisted LBT has been supported to enhance performance beyond the baseline LBT mechanism in RAN1 #92bis meeting. Based on this, we need to further study the hidden node problems in the directional LBT operation. Due to directional sensing operation, the hidden nodes problem will become more severe as shown in Figure 12. For example, both BS1 and BS2 adopt directional beam mode to transmit/receive. BS1 senses channel idle and transmits to UE1. BS2 in its beam direction may not be able to detect the energy of BS1 and hence transmits to UE2. However, both UE1 and UE2 are within the coverage of BS1 and BS2 transmit beam. Both UE1 and UE2 might fail to receive the respective transmissions due to inter-RAT interference. For this case, the directional LBT can be enhanced by target UE performing a directional LBT and sending a short indication signal. Therefore, receiver assistance should be supported to help mitigation potential hidden node issue.


Figure12. Directional Tx/Rx
Proposal 19: For directional LBT manner, some receiver assistance methods (e.g., the receiver performs a directional LBT and sends out a short indication signal) should be supported to help mitigation of potential hidden node issue.
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994] Conclusion 
In this contribution, we share our views on channel access procedure for NR-U. We have the following proposals and observation:
Proposal 1: From the respective of minimizing the impacts of specification and the fairness of coexistence, Alt 1 that Cat-2 LBT with 16 µs consists of a duration Tsl = 9 µs immediately followed by a slot duration Ti = 7 µs and Energy measurement is done in the Tsl = 9 µs slot with the measurement including averaging for at least 4 us in any portion of the Tsl = 9 µs slot should be supported.
Proposal 2: LBT type used by UE for UL transmission should be indicated by gNB.
Proposal 3: LBT priority is unnecessary to be indicated to UE when Cat-4 LBT is indicated for SRS-only, RACH-only or PUCCH-only.
Proposal 4: If CBG based HARQ-ACK feedback is configured for NR-U, ACK/NACK ratio Z can be counted/determined by one of the following methods:
· Alt-1: CBG level ACK/NACK is converted into TB level ACK/NACK. Wherein, the ACK/NACK ratio Z is of TB level.
· Alt-2: Redefinition ACK/NACK ratio Z in order to include TB level ACK/NACK and CBG level ACK/NACK.
Proposal 5: The reference slot for CWs adjustment should be defined as the first slot or the first and second slot of the latest DL/UL date burst for NR-U.
Proposal 6: For CWS adjustment for configured grant, the CWS adjustment scheme specified in AUL of R14 eLAA can be used as a starting point for study.
Proposal 7: If CWs adjustment for PRACH is supported for NR-U, it is recommended that specific CWs adjustment rules should be further studied and discussed. 
Proposal 8: The method of Randomly selection the starting position of CCA in CCA time window (idle period)  can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of channel access for NR-U nodes.
Proposal 9: UE initiated COT can be shared with gNB at least for DL data/control signal meant for the same UE. But it need to further be discussed and evaluated for UE initiated COT shared with other UEs considering that fair coexistence with Wi-Fi/nodes of same system.
Observation 1: Considering that no any restriction on maximum TX duration for Cat-1 LBT in ETSI specification, it is recommended that  the maximum TX duration for Cat-1 LBT should not be limited. 
Proposal 10: Cat-4 LBT can be used for the following cases:
· Before the DRS multiplexed with unicast date are transmitted (agreed in RAN1#96).
· Before DRS burst set starts transmission and DRS burst set duration is larger than 1 ms or the total duty cycle of DRS transmission in DRS burst set period is larger than 1/20.
Proposal 11: Cat-2 LBT can be considered to be used in the following situations:
· Case 1: Within DRS burst set, if there is an empty symbol/gap between DRS bursts (half-slot),.
· Case 2: Within DRS transmission window, if a new DRS burst set is initiated by gNB and its duration is smaller than or equal to 1ms and the total duty cycle of DRS transmission in a DRS burst set period is not larger than 1/20, or if gNB uses Cat4 LBT to detect channel busy all the time and only a few SSB candidate positions (e.g., 2 SSBs) remain before the ending of DRS transmission window.
· Case 3: Before DRS burst set that only occupies 1 ms channel time, which is similar to LTE-LAA DRS.
· Case 4: If the adjacent two SSBs (DRS bursts (half-slot)) within DRS burst set is non-QCL’d relationship and there is a gap between non-QCL’d SSB.
· Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
· Case 5: for case where multiple sub-band case in the wideband operation or multiple carriers/BWPs case.
Proposal 12: Considering that DRS transmission opportunities and application scenarios(e.g., Standalone Scenario), it is recommended that Cat-2 LBT can be attempted on each candidate SSB position within a 5ms DRS transmission window.
Proposal 13: LBT of LTE-LAA multiple CCs (e.g., Type A/B) manner can be used as starting point for research LBT for multiple carriers.
Proposal 14: Directional LBT should at least be supported for beam-based SS/PBCH block transmission in order to avoid inaccurate CCA detection problems. 
Proposal 15: Directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. 
Proposal 16: Frequency reuse/multiplexing should be supported in NR-U and some methods of frequency reuse/multiplexing can be considered such as PRB based interlace structure of blank pattern method.
Proposal 17: For blank pattern scheme, RAN1 can send an LS to RAN4 in order to evaluate the feasibility of this scheme.
Proposal 18: Multiplexing/Frequency reuse with blank pattern schemes can achieve performance improvement compared to no-multiplexing/Frequency reuse the gain increases with the increase of traffic load.   
Proposal 19: For directional LBT manner, some receiver assistance methods (e.g., the receiver performs a directional LBT and sends out a short indication signal) should be supported to help mitigation of potential hidden node issue.
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