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1. Introduction & Background

In RAN1#92bis, the channel access were discussed and the following agreements were achieved [1]

Agreement:
· Study possible enhancements for HARQ operation 

· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms

· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 

· Techniques to enhance spatial reuse 
· Preamble detection

· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 

· Note: Other aspects are not precluded from being included

In RAN1#93 meeting, the channel access were further discussed [2]

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.
In RAN1#94 meeting, the adjustment of the contention window size was further discussed and the possible impact factors are concluded as below [3]:
Agreement: 

In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:

· CBG based HARQ-ACK operation,

· NR scheduling and HARQ-feedback delays and processing times

· wideband (>20 MHz) operation including BWPs

· Configured grant operation

In this contribution, we will discuss the enhanced channel access schemes for NR unlicensed spectrum regarding the directional antennas/transmissions, spatial reuse, etc.
2. Channel access schemes in NR unlicensed spectrum
In the LTE LAA, the channel access scheme is based on omni-directional channel sensing for a single channel with 20 MHz bandwidth. However, in NR, the channel bandwidth becomes wider, the BWP is introduced for power saving and more flexible transmision, and beamforming transmission in mmWave is used to combat the  high path loss. With all these new features, the legacy LBT scheme in LTE LAA will result in a low spectrum efficiency in the NR unlicensed spectrum. Hence enhanced schemes should be investigated to adapt to the NR features.
1.1. Beam-specific LBT
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Figure 1-1 




Figure 1-2

Figure 1 [image: image1.emf]gNB
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beam-specific LBT
In mmWave, most of the nodes transmit using beam forming with massive MIMO antennas, including NR nodes, WiFi nodes, etc. Beamforming can strengthen the signal to the desired beam direction with minimum interference to other directions in spatial domain thus enable the spatial resource reuse. Therefore, it would be feasible to apply directional channel sensing in a beam forming system. If traditional omni-directional channel sensing is performed, the transmission in any direction from other nodes will block the channel. For example as shown in Figure 1-1, both the gNB and the WiFi AP transmit with beamforming. If omni-directional LBT is performed, only one node is allowed to transmit in the unlicensed spectrum, e.g. WiFi as shown in the left part of Figure 1-2. If beam specific LBT is performed at the gNB, then it is possible for both of the nodes to transmit at the same time as shown in the right part of Figure 1-2.The transmission of the gNB with beam 2 and 3 will not interfere with the transmission of the WiFi AP. Therefore, the gNB can transmit simultaneously with the WiFi AP. The spectrum efficiency is greatly increased compared with that of the omini-directional LBT scheme.
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 1: The remaining COT of the gNB should be broadcasted to increase the frequency reuse factor within operator.
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. However, the benefit of CBG transmission is not shown regarding the CWS adjustment. The other way is to convert the TB based HARQ-ACK to CBG based HARQ-ACK according to some rules. One TB based ACK/NACK will be converted to n CBG based ACK/NACKs. These ACK/NACKs will be used together with the CBG based ACK/NACK 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 2: The TB based HARQ-ACK can be converted to CBG based HARQ-ACK when adjusting the CWS.

Proposal 3: The reference slot for CWS adjustment can be defined as:

Alt1: Reference slot is the starting DL slot of the most recent transmission before the next LBT. .


Alt2: Reference slot is the DL slot corresponding to HARQ feedback with a certain K1 value in the latest UL slot before the next LBT.
1.4. Channel access scheme for DRS

In LTE-LAA, the channel access scheme of DRS is separately defined. A 25us LBT should be made immediately before the transmission of DRS. If the concerned channel is considered to be IDLE within the 25us LBT window, a transmission with duration shorter than 1ms can be performed. In NR-U, similar channel access scheme can be applied to the NR-U DRS as long as the duration of the NR-U DRS is less than 1ms. However, in NR-U, the SSB and RMSI multiplexing pattern may lead to the duration of the NR-U DRS longer than 1 ms. 
In this section, we discuss the feasibility of the above channel access mechanism under different Type0-PDCCH common search space configurations.
· SSB/RMSI CORESET multiplexing pattern1

For pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over a monitoring window consisting of two consecutive slots starting from slot 
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, where  
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 represents the time offset between the slot of SSB0 and the slot of its corresponding monitoring window, 
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 is used to control the overlapped part between two monitoring window of two consecutive SSB candidates, and 
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 which is based on the subcarrier spacing for of CORESET#0. For each slot of a monitoring window, there is one monitoring occasion for PDCCH reception.
The original intention of introducing parameter 
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 into the above formula is to stagger the transmissions of SSB and RMSI PDCCH/PDSCH. Therefore, for the entries 
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, it is impossible to include SSB and RMSI PDCCH/PDSCH in the same DRS occasion.  
Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1
	Index
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	First symbol index
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	8
	0
	1
	2
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	9
	5
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	2
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	10
	0
	1
	1
	1
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	0
	1
	1
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 , we discuss the following cases one by one.
· Case1: {SS/PBCH block, PDCCH} = {15, 15} kHz
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Figure 3 {SS/PBCH block, PDCCH} = {15, 15} kHz, N=2
Take Figure 3 as an example. Assuming that the time duration of CORESET#0 is one symbol and N=2, the second PDCCH monitoring occasion corresponding to SSB1 is fully overlapped with the first one for SSB3. In this case, if NW transmits RMSI PDCCH for SSB1 in C1 and transmits the one for SSB3 in C3, DRSs for SSB1 and SSB3 will be included in two subframes respectively. The same scheduling rule can also be used for SSB2 and SSB4, and so on. NW can schedule DRS transmission immediately after a successful 25 us LBT. If the SSBs with even index (or odd index) are not transmitted, the transmitted SSB and its RMSI PDCCH can be allocated over continuous time resources. However, if the consecutive SSBs are both transmitted, e.g., SSB1 and SSB2 are transmitted, there will be a gap between SSB2 and its RMSI PDCCH. The existence of a gap in the time domain will increase the difficulty of transmitting DRS with a single beam.
If N is not equal to 2, for most of the SSB candidates, they will be transmitted in subframes different from that of their RMSI PDCCH/PDSCH.
· Case2: {SS/PBCH block, PDCCH} = {30, 15} kHz
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Figure 4 {SS/PBCH block, PDCCH} = {30, 15} kHz, N=2
Assuming that the time duration of CORESET#0 is two symbols, in this case, even if N is set to 2, the latter SSBs are not possible to be included in the subframe of its RMSI PDCCH and PDSCH. Therefore, even if the channel is IDLE in the 25us, the DRS transmission is still not allowed.
· Case3: {SS/PBCH block, PDCCH} = {30, 30} kHz
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Figure 5 {SS/PBCH block, PDCCH} = {30, 30} kHz, N=2
In Figure 5, CORESET#0 with 2-symbol duration and N=2 are assumed, it is noted that this case is similar to case.1 with N=2.
· Case4. {SS/PBCH block, PDCCH} = {15, 30} kHz
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Figure 6 {SS/PBCH block, PDCCH} = {15, 30} kHz, N=1 and M=1
In this case, N=1 and M=1 can be configured. For SSB with index i, if NW transmits its corresponding RMSI PDCCH in the first monitoring occasion, the following RMSI PDSCH can also be scheduled within the same slot with 30kHz. 
Based on the above discussion, the combinations applicable to the LTE-like transmission are summarized in Table 1.
Table 1. combinations supporting DRS occasion shorter than 1ms
	{SS/PBCH block, PDCCH} SCS
	configurations of O,N and M
	Entries in Table 13-11

	{15, 15} kHz
	0, 2, /
	Index =1

	{30, 15} kHz
	none
	none

	{30, 30} kHz
	0, 2, /
	Index =1

	{15, 30} kHz
	0, 1, 1
	Index = 0, 10, [11]Note


[ ]Note: According to the agreement made in RAN1#91 meeting[4], at least for the 30kHz SSB SCS/15kHz RMSI SCS LTE-NR coexistence case, first symbol index R = 1, or 2 should be supported. However, for 15kHz SSB SCS/30kHz RMSI SCS case, setting R= 2 may result in a a situation that half of SSB candidates cannot be transmitted under the 1ms limitation.
As to 
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, only if the SSB periodicity is 5ms and if one of the above combinations is configured, it would be possible for a quarter of the SSB burst sets to be transmitted immediately after a 25 us LBT is evaluated as IDLE. 
· SSB/RMSI CORESET multiplexing pattern2
In pattern2, for part of the SSB candidates, the starting symbol index for the associated RMSI PDCCH monitoring window may occur earlier than the SSB symbols one slot before. In this case, the SSB and its RMSI PDCCH/PDSCH will be transmitted in different subframes, and there may be other SSB between them.
· SSB/RMSI CORESET multiplexing pattern3

For pattern3, the RMSI PDCCH and PDSCH are confined within the time duration of the associated SSB. Therefore, it is feasible to support the DRS transmission mechanism mentioned above with pattern3 configuration. 
Observation:  The DRS duration in NR-U may exceed 1 ms depending on the SSB and RMSI multiplexing pattern.

According to the above analysis, the 25us LBT channel access scheme is no longer feasible for most pattern1 configurations since the DRS duration may exceed 1ms. Therefore, if one-shot LBT is used for DRS, the TDM multiplexing patterns for SSB and RMSI should be restricted to ensure that the duration of DRS is less than 1 ms. If the DRS duration is longer than 1ms, channel access scheme such as Cat. 4 LBT should be considered. The priority class of the Cat. 4 LBT should be studied for DRS to ensure fast channel access.
Proposal 4: Regarding the channel access scheme for NR-U DRS, the following options can be considered:

Alt1: Cat. 4 channel access scheme should be considered if the duration of NR-U DRS is longer than 1ms;
Alt2: Restrictions on TDM multiplexing pattern for SSB and RMSI CORESET should be considered for NR-U DRS.

3. Text propsal for TR38.889

In current TR, the LBT performed in units of 20MHz when the absence of Wi-Fi cannot be guranteed is captured. However, in scenarios where the absence of the WiFi or the other techonology sharing the carrier can be guranteed on a long term basis (e.g, by level of regulation), the bandwidth of the LBT should not be limited to 20MHz. Therefore, the LBT performed with bandwdith larger than 20MHz should also be captured in the TR.
----------------------------------------------------------Start of text proposal ---------------------------------------------------
7.2.1.3.1 Channel access procedure

(unchanged parts are omitted)
For channel access mechanism, LTE-LAA LBT mechanism is adopted as baseline for 5GHz band and adopted as the starting point of the design for 6GHz band. At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. In the scenarios where absence of the WiFi or the other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation), LBT can be performed with bandwidth greater than 20 MHz.

(unchanged parts are omitted)

----------------------------------------------------------End of text proposal ----------------------------------------------------

Proposal 5: Adopt the text proposal in section 3 for TS38.889 correction
4. Conclusion

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

Observation:  The DRS duration in NR-U may exceed 1 ms depending on the SSB and RMSI multiplexing pattern.
Proposal 1: The remaining COT of the gNB should be broadcasted to increase the frequency reuse factor within operator.
Proposal 2: The TB based HARQ-ACK can be converted to CBG based HARQ-ACK when adjusting the CWS.

Proposal 3: The reference slot for CWS adjustment can be defined as:


Alt1: Reference slot is the starting DL slot of the most recent transmission before the next LBT.


Alt2: Reference slot is the DL slot corresponding to HARQ feedback with a certain K1 value in the latest UL slot before the next LBT.
Proposal 4: Regarding the channel access scheme for NR-U DRS, the following options can be considered:

Alt1: Cat. 4 channel access scheme should be considered if the duration of NR-U DRS is longer than 1ms;
Alt2: Restrictions on TDM multiplexing pattern for SSB and RMSI CORESET should be considered for NR-U DRS.
Proposal 5: Adopt the text proposal in section 3 for TS38.889 correction
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