3GPP TSG RAN WG1 Meeting #94


R1-1808507
Gothenburg, Sweden, August 20th – 24th, 2018 
Agenda Item:
7.2.2.4.1
Source: 
LG Electronics

Title: 
Channel access procedure for NR unlicensed operation
Document for:
Discussion and decision
1. Introduction

In RAN1#93 meeting [1], we made following agreements related to physical layer procedures for NR unlicensed (NR-U) operation.

	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:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

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


In this contribution, we discuss further details on the channel access procedure for NR-U operation.
2. Channel access procedure in NR-U
In this section, we discuss potential areas to study for designing channel access procedure especially for NR-U, assuming channel access procedure in LAA is baseline for NR-U.

2.1. CWS management

In LTE LAA, eNB/UE’s LBT operation follows a back-off algorithm based on CWS (contention window size) management. Assuming channel access in NR-U relies on the same mechanism, CWS management in NR-U should further consider the following aspects which were newly introduced in NR standards.

Consideration of CBG operation

In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s). In NR, separate HARQ operation is possible for different CBGs (code block groups) even for a same TB. Therefore, impact on CWS management by CBG operation should be studied for NR-U.

Consideration of flexible DL/UL scheduling/HARQ timing
In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s) and the minimum(/maximum) timing gap between a reference subframe and the corresponding CWS update timing is defined. In NR, gNB scheduler can adapt timing relationship between PDSCH and UL HARQ feedback, between PUSCH transmission and retransmission, and so on. Moreover, NR UEs can report different capabilities on those timing relationships. Therefore, impact on CWS management by flexible DL/UL scheduling timing and the related UE capabilities should be studied for NR-U.

Consideration of BWP switching
In NR, a UE may be configured with multiple DL/UL BWPs for a carrier. Then, gNB can dynamically switch the UE’s operating BWP by DCI. Then it is questionable if a CWS management for a BWP can be succeeded for another BWP. Also, it is questionable what happens if a UE is indicated to switch its BWP but the UE continuously fails in LBT for the new BWP. Therefore, impact on CWS management by BWP switching should be studied for NR-U.
Proposal #1: For the CWS management in NR-U, impact of the following aspects of NR should be studied.
·  CBG operation
·  flexible DL/UL scheduling/HARQ timing
·  BWP switching

2.2. No-LBT option
In RAN1#93 meeting, it was agreed that no-LBT option can be applied for NR-U if the gap between transmissions is less than 16 usec. No-LBT option can be beneficial for efficient COT sharing, fast HARQ feedback, and RACH procedure (e.g., fast msg3 transmission). Whether no-LBT option is applied or not can be configured by higher layer signalling or indicated with scheduling information. In addition, similar to eLAA where PUSCH starting position (e.g., symbol 0 + 25 usec or symbol 0 + 25 usec + TA) is indicated by reflecting 25 usec LBT operation, NR-U can also indicate UL channel/signal starting position considering 16 usec gap from symbol boundary.
Proposal #2: If no-LBT option is supported, study how to configure/indicate no-LBT option for UL transmission and how to signal the less than 16 usec gap.
2.3. Bandwidth part (BWP) operation

It was agreed that unit bandwidth for LBT in case of Wi-Fi coexistence is 20 MHz and initial active DL BWP is approximately 20 MHz. From the baseline of NR BWP operation where multiple BWPs (up to 4) can be configured for a carrier and only single BWP is activated at a time, one simple option is that the bandwidth of a BWP (or carrier) is restricted up to 20 MHz. In this case, transmission over a bandwidth larger than 20 MHz can be supported by multi-carrier LBT procedure similar to LAA. However, in order to support efficient data transmission for various numerologies (e.g., 15/30 kHz SCS), 20 MHz restriction seems undesirable for NR-U.
As for BWP operation when its bandwidth can be larger than 20 MHz (e.g., integer-multiple of 20 MHz), two options can be considered. For option 1 (as shown in Figure 1(a)), partial band transmission can be allowed if gNB/UE succeeds LBT in only a part of multiple 20 MHz LBT units within the scheduled PDSCH/PUSCH bandwidth. In this case, DCI/UCI/TB/CBG/DM-RS structure and RE mapping for PDSCH/PUSCH may need to be modified from NR in licensed band. For option 2 (as shown in Figure 1(b)), a UE monitors multiple candidates for actual active BWP (which can correspond to configured BWPs) at the same time. If the UE detects serving cell’s transmission on one of monitored candidates for actual active BWP, then the UE recognizes it as active BWP.
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Figure 1. Examples of BWP operation for NR-U: (a) Option 1 and (b) Option 2
Proposal #3: Study BWP operation for NR-U considering the relationship between LBT unit bandwidth (i.e., 20 MHz) and BWP bandwidth and transmission/reception behaviour when BWP includes multiple LBT units.
2.4. Coexistence with other RATs or operators

In addition to coexistence with Wi-Fi on 5/6 GHz (or 802.11ad/ay on 60 GHz), we may need to take into account coexistence with other high priority service (e.g., intelligent transportation system). Considering the urgency of high priority service, conservative channel access procedures (e.g., lower energy detection threshold, larger contention window size) can be performed or channel access can be halted in a pre-configured resource pool where high priority service is prioritized to access the channel. For the same purpose, it should be also studied how to detect the presence of other higher priority services.
Furthermore, in an unlicensed band where Wi-Fi or other RATs don’t reside, more efficient coexistence strategies between NR-U networks may be studied, such as, frame-based channel occupation where a frame of time is wholly dedicated to a node which has succeeded in a contention during a short contention period 
Proposal #4: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.

Proposal #5: Study more efficient coexistence strategies between NR-U networks in an unlicensed band where Wi-Fi or other RATs don’t reside.

3. Conclusion
In this contribution, we provided further details of the study areas on channel access procedure for NR unlicensed operation, and proposals are as follows.
Proposal #1: For the CWS management in NR-U, impact of the following aspects of NR should be studied.
·  CBG operation
·  flexible DL/UL scheduling/HARQ timing

·  BWP switching

Proposal #2: If no-LBT option is supported, study how to configure/indicate no-LBT option for UL transmission and how to signal the less than 16 usec gap.
Proposal #3: Study BWP operation for NR-U considering the relationship between LBT unit bandwidth (i.e., 20 MHz) and BWP bandwidth and transmission/reception behaviour when BWP includes multiple LBT units.
Proposal #4: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.

Proposal #5: Study more efficient coexistence strategies between NR-U networks in an unlicensed band where Wi-Fi or other RATs don’t reside.
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