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1. Introduction

In RAN1#94 meeting [1], we made following agreements related to numerology alignment for NR unlicensed (NR-U) operation.

	Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands

· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· Common interlace structure

· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands

· FFS: PRACH benefits

· FFS: same numerology for DL and UL considering switching gap


In this contribution, we discuss numerology and frame structure for NR-U operation.
2. Numerology
In RAN1#94 meeting, it was agreed that the numerology alignment for all UL channels has benefits at least in terms of UE implementation and UL channel multiplexing, but FFS for PRACH. Since RACH resource should be reserved at least for potential initial access UEs even though the resource is not actually used, it could be considerable that RACH is configured with larger sub-carrier spacing (SCS) (e.g., 30 kHz), which can reduce occupied RACH resource in time domain. On the other hand, considering block interleaved PUSCH/PUCCH waveform and PSD constraint, it was observed that power boosting gain decreases with increasing SCS in a given bandwidth. Therefore, we need to study further whether or not the numerology alignment between PRACH and PUSCH/PUCCH is beneficial considering PRACH resource efficiency and PUSCH/PUCCH power boosting gain.
Observation #1: It seems necessary to discuss further whether or not the numerology alignment between PRACH and PUSCH/PUCCH is beneficial, considering efficient PRACH resource configuration in time domain, power boosting gain for block interleaved PUSCH/PUCCH, and UL channel multiplexing.
In RAN1#94 meeting, it was discussed whether the same SCS of DL and UL channels has benefit or not. While smaller SCS for PUSCH/PUCCH with block interleaved waveform takes advantage for PUSCH/PUCCH power boosting, larger SCS could be advantageous in that finer granularity for starting position candidates can lead to increased channel access probability. According to LS from RAN4 regarding BWP switching delay [2], given that only SCS is changed with the center frequency and bandwidth maintained, BWP switching delay is several hundreds of microseconds. Therefore, use of the same SCS for DL and UL channels helps minimize the switching gap between DL and UL, which has clear benefit for efficient scheduling/HARQ procedure (such as HARQ feedback and UL scheduling) within a shared COT.
Proposal #1: It is identified that operation of the same numerology for DL and UL signals/channels for a carrier on unlicensed bands has at least the benefit that it can minimize switching gap between DL and UL within a gNB’s COT.
3. Occupied channel structure
The medium obtained by successful channel access procedure (CAP) can imply how much amount of bandwidth is occupied in addition to from when to when the channel is grabbed. Thus, in this section, we discuss occupied channel structure in frequency domain aspect as well as time domain aspect and how to indicate the two-dimensional occupied channel structure.
Frequency domain aspects
It was agreed that unit bandwidth for CAP (referred as to “unit CAP sub-band” in this contribution) in case of Wi-Fi coexistence is 20 MHz and initial active DL/UL 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 approach 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 CAP 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 succeeds CAP in only a part of multiple “unit CAP sub-bands” within the BWP. In this case, DCI/UCI/TB/CBG/DM-RS structure and RE mapping for PDSCH 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. It should be noted that those options can be applicable also for UL operation such that UE transmits only partial band (or one of configured BWPs) belonging to CAP successful bandwidth if the UL transmission is scheduled to frequency domain resource overlapped with multiple unit CAP sub-bands.
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Figure 1. Examples of BWP operation for NR-U: (a) Option 1 and (b) Option 2

In details for DL/UL signal/channel designs against when only partial band out of the whole operating/scheduled bandwidth is used for DL/UL transmission due to CAP failure, followings can be considered.

· For PDSCH/PUSCH, frequency-first RE mapping can be performed within unit CAP sub-band first, and then across unit CAP sub-bands.

· For PDCCH/PUCCH/PRACH, each PDCCH candidate (or one PUCCH resource or one RACH occasion) is configured to be confined within a unit CAP sub-band.

Proposal #2: For BWP operation where its bandwidth can be larger than 20 MHz (i.e., integer-multiple of 20 MHz) and unit bandwidth for LBT is 20 MHz, consider following two options to cope with LBT failure of the part of BWP.

· Option 1: Allow transmission with partial bandwidth of the BWP.

· Option 2: Active BWP is chosen by the outcome of LBT among multiple BWPs.
· FFS on details for DL/UL signal/channel designs for each option

Time domain aspects
With the help of various starting points supported by NR (especially for PDSCH/PUSCH mapping type B), DL/UL transmission burst can start from the instance when CAP has succeeded and finish at the middle of a slot, as depicted in Figure 2.

For this operation, UE may need to be configured to monitor PDCCH occasions with a periodicity shorter than slot duration. To reduce UE’s decoding complexity and battery consumption, UE’s PDCCH monitoring occasion may be adapted depending on the detection status of DL transmission burst. As shown in Figure 2, UE may perform symbol(-group)-level PDCCH monitoring before DL transmission burst is detected and for the first slot(s) of the detected DL transmission burst, and UE may perform slot-level PDCCH monitoring after the first slot(s) of detected DL transmission burst. Alternatively, PDCCH monitoring periodicity can be dynamically indicated in each transmission burst. In addition, in order to help efficient recovery of partial data transmission due to channel access failure, we may need to introduce an adequate coded bits to resource mapping (e.g., by aligning symbol boundary and CBG). Similar approach may be also considered for uplink transmission.
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Figure 2. Example of DL transmission burst and PDCCH monitoring occasions
Proposal #3: PDCCH monitoring occasion with the periodicity shorter than slot length has the benefit for faster channel access at gNB.

Proposal #4: Reducing the number of PDCCH monitoring occasions within COT compared to that outside of COT has the benefit for UE power saving.
2-dimentional indication for occupied channel structure
Similar to LTE LAA, NR-U can support DL/UL transmission sharing within channel occupancy time (COT) in condition that total DL/UL transmission duration does not exceed the maximum time allowed for each channel access priority class. In this case, we need to consider DL/UL resource alignment in frequency domain in addition to time domain. In detail, if transmission BW occupied by a node initiating COT is smaller than operating/scheduled BW, the other node sharing the COT shall occupy the same (or less) BW for the initiating node. Therefore, we need to investigate how to inform DL/UL structure of acquired channel to UEs. For instance, UE-specific DCI or slot format indicator (SFI) indicated by group-common PDCCH in NR can be reused (or modified) to indicate DL/UL direction and shared resource both in frequency and time domain. In addition, considering the information on occupied channel structure can be missed by a UE, it should be conveyed in the middle of DL burst as well as at the beginning of DL burst.
Proposal #5: It should be investigated how to indicate occupied channel structure both in time and frequency domain.

4. FBE based frame structure
In RAN1#93 meeting, it was agreed to study NR-U frame structure based on FBE while striving to minimize the impact of NR specification caused by FBE based frame structure. According to evaluation results from our companion paper [3], it was shown that FBE is better than LBE (with random backoff) for Wi-Fi performance in case of Wi-Fi and LAA coexistence. Also, it was observed that FBE shows better performance than LBE in case of LAA-LAA coexistence. However, in-depth discussion needs to be proceeded not only to satisfy the target minimizing the change from NR specification but also to efficiently adopt FBE based frame structure for NR-U. At least, following areas should be investigated.
· Fair coexistence or prioritization method at least within the same operator network (FFS for asynchronous network or different operator networks)

· How to support periodic DL (or UL) signal transmission with fixed frame period

Proposal #6: For the study on FBE based frame structure, the followings should be investigated.
·  How to guarantee LBT fairness (or prioritization) between different nodes
·  How to support periodic signal transmission
5. Conclusion
In this contribution, we provided our views on numerology and frame structure for NR unlicensed operation, and proposals are as follows.
Observation #1: It seems necessary to discuss further whether or not the numerology alignment between PRACH and PUSCH/PUCCH is beneficial, considering efficient PRACH resource configuration in time domain, power boosting gain for block interleaved PUSCH/PUCCH, and UL channel multiplexing.
Proposal #1: It is identified that operation of the same numerology for DL and UL signals/channels for a carrier on unlicensed bands has at least the benefit that it can minimize switching gap between DL and UL within a gNB’s COT.
Proposal #2: For BWP operation where its bandwidth can be larger than 20 MHz (i.e., integer-multiple of 20 MHz) and unit bandwidth for LBT is 20 MHz, consider following two options to cope with LBT failure of the part of BWP.

· Option 1: Allow transmission with partial bandwidth of the BWP.

· Option 2: Active BWP is chosen by the outcome of LBT among multiple BWPs.

· FFS on details for DL/UL signal/channel designs for each option

Proposal #3: PDCCH monitoring occasion with the periodicity shorter than slot length has the benefit for faster channel access at gNB.

Proposal #4: Reducing the number of PDCCH monitoring occasions within COT compared to that outside of COT has the benefit for UE power saving.

Proposal #5: It should be investigated how to indicate occupied channel structure both in time and frequency domain.

Proposal #6: For the study on FBE based frame structure, the followings should be investigated.
·  How to guarantee LBT fairness (or prioritization) between different nodes
·  How to support periodic signal transmission
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