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In the RAN1 meeting #92bis, the following agreements were achieved [1]:
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS

· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

· 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. 

In this contribution, we discuss the numerology of data channels for NR accessing unlicensed bands, which includes applicable subcarrier spacing, CP length and candidate carrier bandwidth. The flexible bandwidth operation is proposed when carrier bandwidth larger than 20MHz is configured. The considerations on CORESET and DL identification signals are also provided.
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In the RAN1 meeting #92bis, it was agreed that for sub-7GHz, NR-U study the SCSs, 15/30/60kHz. For sub-7G unlicensed bands, e.g., 5GHz, the 15KHz SCS with normal CP length is supported in LAA-LTE, and the same SCS could also be supported in NR unlicensed access to achieve similar coverage as LAA-LTE e.g. when the component carrier bandwidth is 20MHz. On the other side, if a larger SCS is applied, the symbol duration will be shorter. This is beneficial to increase the channel access opportunities and reduce latency [2] and thus enhance the resource utilization. 
The larger SCS also facilitates the single wideband carrier operation which reduces the overhead in the control and guard tones. For the same system bandwidth, the larger SCS requires the smaller FFT size, and hence reduce the implementation complexity. 
Here we conduct a performance comparison among three schemes to achieve 80MHz operating bandwidth, including following schemes
· Scheme 1) carrier aggregation of 4x20MHz CC with 15KHz SCS (similar as LAA-LTE); 
· Scheme 2) carrier aggregation of 4x20MHz CC with 60KHz SCS; 
· Scheme 3) 1x80MHz CC with 60 KHz SCS. 
Detailed scenario and simulation assumptions can be found in the Appendix.

Figure1. UPT (Mpbs) performance for 60 KHz and 15 KHz SCS on unlicensed spectrum
From Figure 1, it is observed that the system with a SCS of 60KHz operating as a wideband (scheme 3) can obtain about 44% average UPT gain than the system with a SCS of 15KHz operating with CA (scheme 1) for the same system bandwidth under the assumed scenario. The performance gain comes from the finer granularity to occupy the channels. In addition, the processing delay for the short symbol demodulation is reduced, so retransmission for short symbols in the same MCOT becomes possible and HARQ combination gain can be achieved with low latency. However in CA deployment, the performance gain of 60 KHz SCS (scheme 2) over 15 KHz SCS (scheme 1) is decreased. That is because the overhead of guard tone of 60KHz SCS CC is much larger than that of 15KHz SCS CC according to the agreed guard tone assumption in RAN4 [3]. On the other hand, the system with 60 KHz SCS CC can achieve more opportunities to occupy the unlicensed channel than 15 KHz SCS CC. Therefore, the spectrum efficiency loss from guard tone in 60 KHz CC is compensated by the additional starting positions for channel access. The performance difference between 60 KHz SCS and 15KHz SCS mainly comes from the short HARQ timing, where more HARQ combination gain can be achieved for 60KHz SCS. In the simulation, the channel access mechanism is similar to multi-carrier type B in Rel-13 LAA where the channel sensing is independently performed for each 20MHz, but the occupied channel bandwidth will be generally fixed 80MHz since the contending network is also using 80MHz bandwidth after channel access. 
However, in practical deployment where there might be contention nodes operating on subband, the fixed wideband transmission will cause performance loss due to limited chances to clear the channels over all the wide bandwidth. It is therefore preferable to consider the dynamic transmission bandwidth adaptation to allow more transmission opportunity, as discussed in section 3.2. In this case (dynamic wideband transmission and subband interference), the relative gain of 60KHz/wideband compared to 15/60KHz/CA is expected to decrease, since the opportunity to transmit wide bandwidth will be reduced due to subband interference, while wideband transmission composes the most gain from Figure 1.   The detailed discussion on the LBT bandwidth can be found in [4].  
Observation: The single carrier wideband operation can achieve better UPT performance compared to CA operation.
Proposal 1: For NR access on sub-7G unlicensed bands, the SCSs up to 60 KHz should be supported.
Proposal 2: NR should support component carrier bandwidth larger than 20MHz in sub-7G in unlicensed band.
Furthermore, In order to guarantee fair co-existence, the following was agreed in last meeting regarding the channel bandwidth of NR unlicensed operation:
· 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.
That is the flexible channel bandwidth in NR unlicensed bands should be an integer multiple of 20MHz. How to configure SCS applicable to different channel bandwidth should be studied. As discussed above, the suitable SCS configured for different channel bandwidth should take into account the guard tone overhead, channel access opportunity and implementation complexity. For example, when the channel bandwidth is smaller than X MHz (e.g. X = 40), 15 KHz or 30 KHz SCS may be considered. Otherwise, 30 KHz or 60 KHz SCS may be considered.
In addition, since the normal CP length is reduced along with the symbol duration for a larger SCS, extended CP could be considered to support a larger coverage. For example, if the SCS is 60KHz, the symbol duration is 16.67us, and the corresponding CP duration will be reduced to around 1.2us, which may impact the coverage in sub-7G unlicensed band, especially in outdoor scenario. Due to the same consideration, IEEE802.11ax still keeps 3.2us CP as mandatory while SCS is reduced to 78.125 KHz. From these aspects, the extended CP should be supported at least for 60KHz SCS in unlicensed band.
Proposal 3: Extended CP for 60 KHz SCS is still necessary in sub-7G in unlicensed band.

CORESET 
In this section, the considerations of CORESET in NR unlicensed carrier is discussed.
As per the latest agreements, LBT can be performed in units of 20MHz. In order to mitigate the subband LBT impact on CORESET transmission, it is not preferable to configure one CORESET spread over multiple subbands for LBT. That is the CORESET should be limited within subband LBT bandwidth, i.e. 20MHz. 
For a single component carrier with bandwidth greater than 20MHz, one CORESET within the whole component carrier could be considered. However if the LBT for the subband with CORESET fails, this CORESET cannot be transmitted even if there are some other subbands with successful LBT. This would reduce the spectrum utilization efficiency. To eliminate the impact of subband LBT on CORESET transmission, multiple CORESET configured with one CORESET per 20MHz each can be studied with the cost of UE blind detection or adjusting the CORESET location according the actual transmission bandwidth with the cost of re-interpreting the resource set(s) for rate matching. 
Proposal 4: CORESET limited within 20MHz subband is supported in NR unlicensed carrier.
· FFS: details on how to transmit CORESET for component carrier bandwidth larger than 20MHz.
DL identification signals 
Due to the randomness of channel access on time domain, the starting point of transmission is usually not aligned with slot boundaries of NR-U. To improve channel usage efficiency, flexible starting points are preferably introduced. For instance, LAA devices finishing LBT may start transmission at half-frame boundary (e.g. symbol 0/ symbol 7 in a slot); NR system supports to start transmissions aligned with mini-slots, which have much finer granularities (e.g. 2/4/7 OFDM symbols are now being considered). Therefore NR-U is expected to have multiple mini-slot/symbol-level starting points to allow prompt access into channels [2]. One arising issue along with the flexible starting point of DL transmission is identification of DL burst. PDCCH blind-decoding should be avoided since it imposes high requirement of UE capability and greatly decreases battery life of the device. One efficient way to determine the presence of DL burst is based on detecting dedicated identification signals, e.g. preamble signal [5] or “wake-up” signal [6,7]. This method requires allocating additional time-frequency resources to accommodate the identification signals and consequently lower the system efficiency. An alternative approach is through blind-detection of existing RS associated with PDCCH. Recall that LAA UE determines the presence of PDCCH by detecting CRS signal. Since CRS-like “always-on” signals are absent for NR, DMRS in CORESET can serve as a substitute. Wideband DMRS should be considered since the DMRS sequence should be sufficiently long to guarantee satisfying detection reliability. Besides DMRS, TRS can also be utilized, which is configurable with high flexibility in both time and frequency domains and provides precise time/frequency synchronization to further boost robustness of PDCCH decoding. 
Proposal 5: NR-U should consider identifying DL burst using existing RS, e.g. wideband DMRS or TRS.

Conclusion
In this contribution, the considerations of numerology for NR accessing unlicensed bands including applicable subcarrier spacing and flexible bandwidth operations are discussed with evaluation, as well as the CORESET and DL identification signals design to adapt to dynamic bandwidth transmission. It is observed and proposed:
Observation: The single carrier wideband operation can achieve better UPT performance compared to CA operation.
Proposal 1: For NR access on sub-7G unlicensed bands, the SCSs up to 60 KHz should be supported.
Proposal 2: NR should support component carrier bandwidth larger than 20MHz in sub-7G in unlicensed band.
Proposal 3: Extended CP for 60 KHz SCS is still necessary in sub-7G in unlicensed band.
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· FFS: details on how to transmit CORESET for component carrier bandwidth larger than 20MHz.
Proposal 5: NR-U should consider identifying DL burst using existing RS, e.g. wideband DMRS or TRS.
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Appendix: Scenario and assumptions
Scenario
· Indoor hotspot (6 gNB s per 120m x 80m,5 users per gNB per 20MHz)
· 5GHz, with NR InH Mixed Office model
· Traffic model with FTP3, 0.5M bytes per file，(a,b,c,d)=(20,40,20,40)



Assumptions 
	
	NR unlicensed
with 60KHz SCS
	NR unlicensed
with 15KHz SCS

	Bandwidth
	1x80 MHz/4x20 MHz CA
	4x20 MHz CA

	SC spacing
	60 kHz
	15 kHz

	Portion of Guard tone
	3.7%/ 13.6%
	4.6%

	Slot duration
	0.25ms
	1ms

	Starting position
	OS#0 or OS#7

	Total BS TX power
	[bookmark: OLE_LINK167][bookmark: OLE_LINK168]23dBm

	Antenna configuration 
	2T*2R

	Scheduling 
	PF

	Receiver type
	MMSE

	LBT scheme
	Cat 4/type B
	Cat 4/type B

	ED
	-72dBm
	-72dBm

	MCOT
	8ms
	[bookmark: OLE_LINK161][bookmark: OLE_LINK162]8ms

	Traffic model
	Traffic model	[FTP3, 0.5M bytes per file, lamda = 0.5]

	HARQ timing
	N+3
	N+2



NR/15kHz/CA	Avg.UPT	95% UPT	50% UPT	5% UPT	191.68	285.70999999999998	190.48	57.97	NR/60kHz/CA	18.42%
12.00%
27.11%
60.06%

Avg.UPT	95% UPT	50% UPT	5% UPT	227	320	242.12	92.79	NR/60kHz/wideband	44.26%
30.23%
64.88%
108.83%

Avg.UPT	95% UPT	50% UPT	5% UPT	276.52	372.09	314.05	121.06	
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