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1. Introduction & Background

In RAN#82 meeting, the WID of the NR access to the unlicensed spectrum has been approved [1]. The following physical layer aspects and procedures have been identified as the objectives of the work item.
-
Physical layer aspects including [RAN1]:

-
Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).

-
NR-U supports a mode of operation where for a carrier and at least for intra-band CA on serving cells on unlicensed bands, all DL channels / signals can be operated with the same numerology, and all UL channels / signals can be operated with the same numerology. 
-
Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).

-
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
…
-
Physical layer procedure(s) including [RAN1, RAN2]:

-
For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.

-
For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.
…
In RAN1 AH1901 [2], the gap generation of within a COT has been discussed. The possible solutions are listed as below:
Agreement: 

· A gap (DL(UL, UL(UL, or UL( DL) of a specific duration is created using one or more of:

· Timing Advance 

· CP extension 

· max value of not more than one OFDM symbol

· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching

· Note: the mechanisms applied in each case may be different for different SCSs

· FFS: how to signal the way of creating the gap to the UEs
In this contribution, we will discuss the channel access schemes for NR unlicensed spectrum.
2. Channel access schemes in NR unlicensed spectrum
For wideband operation, it is agreed that wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz). Therefore, the LBT for the wideband channel with multiple 20MHz subbands should be studied.
1.1. LBT for wider bandwidth
The wideband operation as shown in Figure 1 demonstrates the configured BWP with bandwidth larger as an integer multiple of 20MHz. For each BWP, CCA should be performed in units of 20MHz. For example, UE1 is configured with a 80MHz BWP, the LBT should be performed in four subbands. UE2 is configured with three BWPs, the LBT for BWP2 should be performed in subband 2 and subband 3.
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Figure 1 LBT for wideband BWP
The transmission in each subband must be synchronized since gNB/UE cannot transmit and receive at the same time, i.e., it is impossible to perform transmission in one 20MHz subband and perform LBT in another 20MHz subband. Therefore, it is important to align the transmission timing on each 20MHz subband.
The multi-carrier access procedure can be chosen as a baseline for wideband channel access with 20MHz LBT subband [4]. Each 20MHz subband can be considered as a carrier. If type-A multi-carrier access procedure is used, gNB performs Cat.4 LBT separately on each 20MHz subband. The gNB performs DL data transmission on the subband(s) that has completed Cat.4 LBT with potentially self-deferral to align transmission over multiple subbands. The gNB can use independent backoff counters or can use a common backoff counter for all the subbands. If type-B multi-carrier access procedure is used, gNB performs Cat.4 LBT on a subband that is randomly selected from the subbands of the wideband BWP. The gNB selects the subband no more frequently than once every 1 second. When gNB completes the Cat.4 LBT on this subband, it can sense the other subbands for a period of 25us immediately before the transmission on this subband. The gNB can perform data transmission on the other subbands if the channels are sensed to be idle. The maximum allowed transmission time is determined by the priority class of the Cat.4 LBT. When gNB performs subband LBT in a UE’s DL BWP, gNB may configure CORESET in at least one of the LBT subbands. If one subband is detected as busy, the control information can be sent from one of the other idle subband(s). For UL transmission, similar multi-carrier access procedure can be applied at the UE side. 
Proposal 1: Multi-carrier LBT schemes can be used for the BWP with bandwidth larger than 20MHz.
However, in the scenarios where WiFi or other narrowband RATs are guaranteed to be absent, e.g. in an industry area, 20MHz subband LBT may not be efficient since all the equipment are operated in a channel with bandwidth larger than 20MHz. Therefore, a LBT subband with bandwidth larger than 20MHz is more feasible in this scenario.
Proposal 2: It is beneficial to support LBT subband with bandwidth larger than 20MHz.
1.2. Coordinated LBT scheme
In LTE and NR, interference mitigation and suppression schemes have been extensively studied, which make it possible for the operator to transmit with frequency reuse factor 1. In the unlicensed spectrum, these techniques and schemes can also be used to mitigate the interference. In LTE-LAA, each node performs LBT independently and hence may cause inter-node blocking within the same operator and make it impossible to achieve frequency reuse factor 1. This would decrease the spectrum efficiency. In NR unlicensed operation, it would be a good opportunity to investigate the enhanced LBT solution to enable higher frequency reuse within an operator, especially for the new spectrum with few or no legacy system. 
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Figure 2 Coordinated LBT scheme
Coordinated LTB schemes among the gNBs of a single operator can ensure simultaneous transmission of these gNBs in the unlicensed spectrum. As long as the gNBs of the same operator can distinguish each other, they will not treat same operator gNB as an interferer. In Figure 2, we show an example of the coordinated LBT scheme, the gNB1, gNB2 and gNB3 of the operator 1 are able to distinguish each other via some signal detection, e.g. initial signal. If there is no transmission from other nodes, e.g., gNB1 of operator 2, the channel can be detected as “IDLE” for all the gNBs of operator 1. All these gNBs can transmit simultaneously in the unlicensed spectrum. In order to perform coordinated LBT, synchronization and information exchange among gNBs are required. In Figure 2, gNB1 is the first one to obtain the channel and starts to transmit. It then broadcasts its remaining COT to gNB2 and gNB3. When there is data for transmission, gNB2 and gNB3 listen to the channel, if there are no other interferer except gNB1 is detected, the channel is considered as “IDLE”. gNB2 and gNB3 can start their transmission within the remaining COT of gNB1. In this way, the spectrum efficiency is greatly improved.
Proposal 3: Coordinated LBT schemes should be considered in NR-U.
1.3. CWS adjustment
In LTE-LAA, the contention window size (CWS) will be adjusted according to the received HARQ-ACK in the reference subframe. The reference subframe is the starting subframe of the most recent transmission on the carrier made by the eNB, for which at least some HARQ-ACK feedback is expected to be available. For each channel access priority class p, before generating the random backoff number, the contention window size will be adjusted to the next higher allowed value if at least 80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe are determined as NACK.
In NR-U, the CWS should be adjusted as well. However, the CWS in NR-U will additionally consider the CBG-based HARQ-ACK operation, NR scheduling and HARQ-feedback delays and processing times, etc. For CBG-based transmission, a simple and straightforward way is to always use the HARQ-ACK for TB to adjust the CWS. Only when all the CBGs are received correctly, the HARQ-ACK for the TB is counted as ACK, otherwise, the HARQ-ACK for the TB will be NACK. 

In this section, the indoor scenario and outdoor scenario 1 with two NR-U operators is assumed. The two NR-U operators are deployed on the same 20MHz unlicensed CC in NSA mode. We provide the simulation results of SCS 30kHz with DL-only FTP-3 traffic. The CCA ED threshold is -72dBm. Partial slot with flexible starting positions is assumed in the simulation. The detailed simulation assumptions are listed in Appendix A, which conform to the agreements in the previous meetings. Different data arrival rates are assumed in the simulation, where λ is 0.1, 0.3, 0.5, 1.0, 1.5, or 2.0 for indoor scenario and 0.1, 0.12, 0.2, 1.0 for outdoor scenario 1. 

CBG-based transmission is mapped in frequency domain firstly and time domain secondly, so the symbol level SINR could represent the SINR for the CBG. To obtain the SINR variance for the CBG, we simulate the SINR of each symbol of one TB. The standard deviation σ indicates the SINR fluctuation among the symbol level SINRs within one TB.  
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indicates the number of symbols in one TB.  We then get the relative standard deviation in the simulation. Rank adaption is assumed in the simulation, and we evaluate the simulation results of different layers. The following Figure 3 to Figure 6 are the simulation results of CDF distribution of the standard deviation of symbol-level SINR for indoor scenario and outdoor scenario 1. The rank2_1 indicates the layer 1 and the rank2_2 indicates the layer 2 when rank = 2. 
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Figure 3 the CDF distribution of standard deviation of symbol-level SINR (rank2_1) for indoor scenario
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Figure 4 the CDF distribution of standard deviation of symbol-level SINR (rank2_2) for indoor scenario
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Figure 5 the CDF distribution of standard deviation of symbol-level SINR (rank2_1) for outdoor scenario 1
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Figure 6 the CDF distribution of standard deviation of symbol-level SINR (rank2_2) for outdoor scenario 1
It is observed from the above figures that the variation of SINRs among the symbols is very small, which means that the SINR of each CBG varies slightly. Therefore, we can conclude that the HARQ-ACK of each CBG within a TB will not change much. That is to say, the HARQ-ACKs of the CBGs within a TB tend to be the same. It is not necessary to use CBG-based HARQ-ACK to adjust the CWS. 
Similar to LTE-LAA, the reference slot should be defined for CWS adjustment. A simple way is to take the starting DL slot of the most recent transmission before the next LBT as the reference slot. In this case, some HARQ-ACK information may not be obtained by gNB due to the different feedback timing. Thus, only available HARQ-ACK bits are used for CWS adjustments. Moreover, the definition of the reference slot can also take into account the different feedback timing. For example, reference slot can be defined as the DL slot corresponding to HARQ feedback with a certain K1 value in the latest UL slot before the next LBT.    
Proposal 4: The CWS adjustment can be made based on the HARQ-ACK of the TB.  
1.4. Channel access schemes for multiple switching points
In NR-U, multiple switching points within a gNB initiated COT can be supported to enable fast HARQ-ACK feedback and CSI reporting, etc. The channel access schemes related to multiple switching points were agreed as below in [3]:
At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 µs between any two transmissions in the COT, the channel access schemes in Table 7.2.1.3.1-2 apply for the DL burst following a UL burst.
Table 7.2.1.3.1-2: Channel access schemes for a DL burst follows a UL burst within a gNB-initiated COT as LBE device

	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 µsec


Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 µs. Transmissions from a gNB having a gap of more than 16 µs are considered as separate DL bursts.
Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in Table 7.2.1.3.1-3.

Table 7.2.1.3.1-3: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device

	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:

-
When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec

-
For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT

-
Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed
Assuming there are two switching points within a gNB-initiated COT, i.e., the transmission directions are DL-UL-DL. If the gap between DL-UL is less than 16 us, according to Table 7.2.1.3.1-3, UE immediately transmits PUSCH, PUCCH, PRACH, or SRS. The subsequent DL transmission is subjected to the channel access scheme in Table 7.2.1.3.1-2, i.e. if the gap between UL-DL is less than or equal to 16us, gNB can immediately transmit the data; if the gap between UL-DL is larger than 16us but less than 25 us, gNB performs Cat.2 LBT and transmits according to the LBT results. However, if the gap between DL-UL is larger than 16 us, UE should perform LBT before the transmission. Therefore, there is possibility that the channel is sensed to be busy and UE is not allowed to transmit. Meanwhile, at the gNB side, gNB may not be able to or may not have enough time to distinguish if the UE fails to transmit or if the channel quality is bad. That is to say, gNB does not have the channel sensing information of the UE. gNB may still continue transmission immediately or perform Cat.2 LBT by assuming that UE has transmitted successfully. In this case, the channel may be occupied by other nodes during the scheduled UL transmission period, the following channel access scheme for DL transmission in Table 7.2.1.3.1-2 does not apply anymore. Therefore, gNB needs to know the transmission status of the UE to determine the LBT category of the following DL.
Proposal 5: The channel access schemes for multiple switching points within a gNB-initiated COT should be further studied.  
In order to fulfill the multiple switching points requirement within a COT, the gap generation mechanisms were discussed.  Timing advance, CP extension and shortening of DL or UL transmission duration can be used to create the gaps from DL to UL transmission, UL to UL transmission, and UL to DL transmission. The applied mechanisms can be indicated to the UE if the UE needs to generate the gap. The mechanism indicator can be carried in a scheduling DCI with a dedicated field. As shown in the upper part of Figure 7, the gap is generated by UE. The UE may use TA or CP extension to generate a gap and start the transmission earlier than the indicated UL starting position. Besides, the gap can also be generated by gNB as shown in the lower part of Figure 7, the gap is generated by gNB, and the UE can transmit from the position as indicated by the scheduling DCI. In this case that the gap is generated by gNB, there is no need to signal any mechanism to the UE for gap generation. Therefore, there should be an indicator for the UE to distinguish whether it needs to generate the gap or not. It can be a dedicated indicator carried in the scheduling DCI, it can also be a specific value of the mechanism indicator discussed above, i.e. three values of the indicator indicate that the UE needs to transmit in advance with corresponding mechanism, one value indicates that the UE transmits from the indicated UL starting position.
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Figure 7 DL to UL switch within a COT

Proposal 6: Whether the UE needs to transmit in advance should be informed by gNB.
1.5. FBE transmission and scheduling
When FBE is deployed, the transmitter should perform LBT immediately before the fixed frame period (FFP). If the channel is sensed as idle, the transmitter can start the transmission from the start of the frame. Therefore, if the configured grant transmission is enabled, it is better to configure all the resources in time domain aligned with the FFP starting boundary. However, in case of scheduling based UL transmission, because of the scheduling delay, the scheduled resource may not be able to align with the FFP boundary as shown in Figure 8.  Besides, if the length of FFP is not multiple integer of the period of the configured grant resources, e.g. FFP is 3ms, and the configured grant resource period is 2ms, the third resource of configured grant will be in the middle of the second FFP, which is not aligned with the starting boundary of the FFP as well.
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Figure 8 scheduled UL transmission in FBE
 In this case, a straightforward way is to make the UE sharing the COT of the gNB. However, this always requires some signal transmission from the gNB, which is not very efficient, especially for configured grant transmission. Therefore, it is better to enable the FBE UE to transmit without sharing the gNB initiated COT.
Proposal 7: Enable the FBE UE to transmit without sharing the gNB initiated COT.
1.6. Configured grant transmission
For the configured grant transmission, the channel access schemes can follow those in AUL. Cat. 4 LBT should be used for configured grant transmission when the UE initiates the COT. The priority class of the channel access procedure is be determined by the UE. The priority class of the Cat.4 LBT shall follow the priority class to traffic type mapping. If the configured grant transmission is allowed to share the COT initiated by gNB, then Cat.2 LBT can be used. Besides, if the gNB is allowed to share the COT initiated by the UE to transmit DFI or UL grant in the last one or two symbols of the COT, gNB can use Cat.2 LBT for DFI or UL grant transmission. 

In AUL, the eNB is allowed to share the COT initiated by UE for AUL-DFI or UL grant transmission to the UE which acquires the COT, and the DL transmission is limited to a partial ending subframe of up to 2 OS length. The AUL COT sharing scheme can be a baseline for NR-U configured grant, that is to say, the gNB can share the COT initiated by the UE for at least DFI and UL grant transmission with up to 2 OS length. If gNB can share more duration of the COT, PDSCH for the UE which acquires the COT can also be transmitted. 
Proposal 8: The channel access procedures and COT sharing scheme in AUL can be applied in NR-U configured grant transmission as baseline.
3. Conclusion

In this contribution, we discussed different channel access schemes adapting to the NR new features. The following proposals are given:

Proposal 1: Multi-carrier LBT schemes can be used for the BWP with bandwidth larger than 20MHz.
Proposal 2: It is beneficial to support LBT subband with bandwidth larger than 20MHz.
Proposal 3: Coordinated LBT schemes should be considered in NR-U.
Proposal 4: The CWS adjustment can be made based on the HARQ-ACK of the TB.
Proposal 5: The channel access schemes for multiple switching points within a gNB-initiated COT should be further studied.  
Proposal 6: Whether the UE needs to transmit in advance should be informed by gNB.
Proposal 7: Enable the FBE UE to transmit without sharing the gNB initiated COT.
Proposal 8: The channel access procedures and COT sharing scheme in AUL can be applied in NR-U configured grant transmission as baseline.
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Appendix A
Table A: Summary of simulation assumptions for indoor Sub-7GHz
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	30KHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	CCA-ED
	-72dBm

	UE receiver
	MMSE

	TXOP 
	8ms

	MCS
	64QAM

	MIMO
	TM9 with two layer

	MIMO scheme
	Non-codebook

	UE Processing Time Capability
	#1

	Link adaptation
	CQI feedback + OLLA

	Scheduling
	Proportional Fairness

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability


Appendix B
Table B: Summary of simulation assumptions for outdoor Sub-7GHz
	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	30kHz

	Macro ISD 
	200 m 

	Maximum distance inter-operator
	30 m 

	Channel Model
	NR UMi street canyon

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	CCA-ED
	-72dBm

	UE receiver
	MMSE

	TXOP 
	8ms

	MCS
	64QAM 

	MIMO 
	TM9 with two layer

	MIMO scheme
	Non-codebook

	UE Processing Time Capability
	#1

	Link adaptation
	CQI feedback and OLLA

	Scheduling
	Proportional fairness

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ



	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability
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