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1. Introduction
At the RAN#82 meeting, the new WI on NR-based access to unlicensed spectrum (NR-U) was approved [1]. The objectives of the WI include following RAN1 works regarding physical layer aspects.
	-	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).
-	NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
-	PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation. RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
-	For DL data channel, support of multiple PDSCH starting positions.
[bookmark: _Hlk532422148]-	Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
-	DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 



In this contribution, we discuss on the DL signals and channels for NR-U, including PDSCH transmission at the beginning of DL transmission burst and initial signal for detection of COT. 
2. PDSCH transmission at the beginning of DL transmission burst
During the NR-U SI, PDSCH transmission at the beginning of DL transmission burst had been discussed and following is captured in the TR38.889 [2].
	It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB's COT.
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst. The options are not mutually exclusive.
-	Option 1: PDSCH(s) as in Rel-15 NR
-	Option 2: Punctured PDSCH depending on LBT outcome
-	Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
-	Option 4: PDSCH across slot boundary
In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.



As mentioned in the TR, it has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome. Following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst. 
- Option 1: PDSCH(s) as in Rel-15 NR
- Option 2: Punctured PDSCH depending on LBT outcome
- Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
- Option 4: PDSCH across slot boundary

Option 1 can reduce specification impact, but the possible PDSCH starting points are limited. In addition, if one or multiple small size TBs are prepared for multiple PDSCH starting points, overhead becomes relatively high. Option 2 can also reduce specification impact, but re-transmission of the punctured PDSCH would be needed in most cases and it is not efficient. In option 3, the starting point resolution goes finer compared with option 1, but it needs some additional specification and the gain seems to be limited. Option 4 can facilitate flexible PDSCH starting points with small overhead, but the specification impact would be large compared with other options.
Although the working time for NR-U in Rel-16 is limited, RAN1 has a lot of features that need to be specified to operate NR-U. Options 2/3/4 are just optimizations to reduce the overhead compared with option 1. Therefore, we propose option 1 is enough to support on this feature.
Proposal 1: PDSCH(s) as in Rel-15 NR is transmitted at the beginning of DL transmission burst.

3. Initial signal for detection of COT
During the NR-U SI, the initial signal for detection of COT had been discussed and following is captured in the TR38.889 [2].
	The detection of a gNB's transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB's COT, or explicitly signalled by the gNB.



As mentioned in the TR, detection of the COT starting point with low complexity is beneficial in NR-U to reduce UE power consumption e.g., by stopping/resuming the frequent PDCCH blind decoding to receive scheduling grant, the RS monitoring for CSI/RLM measurement and tracking, and so on appropriately. Followings are the alternatives of the way of COT starting indication.
    - Alt. 1: existing NR signal(s) with potential enhancement(s)
- Alt. 2: a channel such as PDCCH with potential enhancement(s)
- Alt. 3: the 802.11a/802.11ax preamble with potential enhancement(s)
We think it is good to transmit a specific PDCCH only for COT starting point indication at the beginning of a COT so that COT starting point can be detected by UE with less complexity compared with regular PDCCH monitoring where there are many blind detection hypotheses. Advantage of using the specific PDCCH instead of a specific reference signal is that the detection is more reliable and does not cause false alarm thanks to CRC. Additionally, the PDCCH can include more information compared with signal/preamble. It seems useful that the initial signal or channel of the COT indicates CELL_ID, MNC, system identification code and/or length of COT and so on. Indicating CELL_ID in the initial signal/channel has an advantage that UEs can identify the COT of serving cell and can ignore the COT of other cell/system. If MNC is informed with COT starting indication, UEs can detect other operator’s coexistence. Sending NR-U common signal/channel may achieve that UEs can obtain information from coexisting NR system that potentially makes the further efficient control for channel access mechanism possible. Indication of COT length can keep neighboring nodes silence and reduce confliction of signals from hidden nodes.
[bookmark: _GoBack]Proposal 2: It is beneficial to transmit a specific PDCCH for COT starting point indication at the beginning of a COT. 


4. Conclusion
In this contribution, we discussed on the DL signals and channels for NR-U, including PDSCH transmission at the beginning of DL transmission burst and initial signal for detection of COT. Based on the discussion, we made following proposals.
Proposal 1: PDSCH(s) as in Rel-15 NR is transmitted at the beginning of DL transmission burst.
Proposal 2: It is beneficial to transmit a specific PDCCH for COT starting point indication at the beginning of a COT. 
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