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1 Introduction
In RAN1 #92 [1], the following agreement was made: 
 Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.










This contribution discusses the following aspects related to the potential physical layer channel design for NR unlicensed: 
· Synchronization signals and broadcast channels 
· Waveform for PUSCH/PUCCH/SRS/PRACH
· HARQ-ACK feedback 
2 Synchronization Signals and Broadcast Channels
NR supports carrier frequency up to 52.6 GHz, and the candidate subcarrier spacing of SS/PBCH block is determined per carrier frequency range: 
· 15 kHz and/or 30 kHz for carrier frequency range up to 6 GHz; 
· 120 kHz and/or 240 kHz for carrier frequency range from 6 GHz to 52.6 GHz. 
Meanwhile, the maximum number of nominal SS/PBCH blocks within a SS/PBCH burst set, Lmax, is also determined per carrier frequency range: 
· Lmax is 4 for carrier frequency range up to 3 GHz; 
· Lmax is 8 for carrier frequency range from 3 GHz to 6 GHz; 
· Lmax is 64 for carrier frequency range from 6 GHz to 52.6 GHz. 
For a NR-U band, if its carrier frequency range can be covered by NR, it is preferable to reuse the candidate subcarrier spacing value(s) at least for SS/PBCH block, which can minimize the extra design for NR-U initial access; if its carrier frequency range is larger 52.6 GHz, e.g. 60 GHz unlicensed spectrum, the candidate subcarrier spacing for SS/PBCH block and maximum number of SS/PBCH blocks within a burst set should be further discussed. 
Proposal 1: NR-U shall reuse the candidate subcarrier spacing for SS/PBCH block and the maximum number of SS/PBCH blocks within a burst set for carrier frequency range lower than 52.6 GHz, and further study the parameters for carrier frequency range larger than 52.6 GHz.
In NR-U, the transmission of SS/PBCH blocks can be subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SS/PBCH blocks periodically, which challenges the receiver implementation on soft combining. Moreover, due to the uncertainty of channel access from LBT, the delay of initial cell search may be enlarged, hence, enhancement of the channel access of SS/PBCH block (e.g. similar to Rel-13 LTE DRS design) and enhancement of the synchronization signal and/or PBCH may need further study in NR-U.
Proposal 2: NR-U shall evaluate the performance of LBT-based transmission of SS/PBCH blocks, and study potential solutions for enhanced synchronization signal and/or PBCH performance if needed.
3 Waveform for PUSCH/PUCCH/SRS/PRACH
In order to operate NR in unlicensed spectrum, unlicensed spectrum regulations need to be satisfied, such as occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation in addition to LBT. 
According to [2], the OCB is the bandwidth containing 99 % of the power of the signal, which shall be between 70 % and 100 % of the declared Nominal Channel Bandwidth in the 60 GHz unlicensed band, and between 80 % and 100 % of the declared Nominal Channel Bandwidth in the 5 GHz unlicensed band.
[bookmark: _GoBack]The PSD is the mean Equivalent Isotopically Radiated Power (EIRP) density in dBm per Megahertz that is limited by maximum PSD requirement for certain operation bands, e.g., 10dBm/MHz for 5150-5350 MHz [2]. At the same time, the maximum total transmission power is also specified. Therefore, the maximum transmission power is restricted by both PSD and total transmission power. 
Spreading the signals over the whole bandwidth can meet the regulation requirement. NR supports CP-OFDM for DL transmission and both DFT-based and CP-OFDM for UL transmission. For CP-OFDM PDSCH/PUSCH, by delicate resource allocation type 0, the DL/UL transmission can spread over the bandwidth with proper transmission power by gNB scheduling. For DFT-based PUSCH, only contiguous resource allocation is supported for licensed band. gNB has to allocate the whole bandwidth for a UE to compliant the rule. Apparently, the transmission efficiency is poor for UEs with a small amount of traffic requiring a few PRBs and it forbids UE multiplexing in a FDM manner. The same issue was extensively discussed in Rel-14 eLAA, and finally the interlaced resource allocation is introduced. By dividing the system bandwidth into N clusters and assigning at least one PRB in each cluster for a PUSCH transmission, the occupied channel is 16.38MHz out of 20MHz (~82%) and the maximum transmission power can be 20 dBm (10dBm+10log(10)). The same principle of interlaced resource allocation should be extended for NR-U design with necessary modification with NR-specific features. 
The total number of PRBs per bandwidth defined in NR is different from LTE. For example, 51 PRBs with 30 KHz subcarrier spacing for 20MHz bandwidth and 107 PRBs with 60KHz subcarrier spacing for 80MHz bandwidth for FR1. Direct scaling from LTE 10 PRBs interlace of 20MHz may either lead to unused PRBs at the edge, e.g., the 10th interlace ends at #50 PRB and let the last one PRB unused, or unequal size of each interlace, e.g., 1st interlace consists of 11 PRBs ending at #51 PRB while other 4 interlaces consists of 10PRBs. One common design applicable to all combinations of subcarrier spacing and frequency band is desirable. Besides, with the introduction of UE-specific bandwidth part as well as LBT per bandwidth part discussed in [3], it is natural to determine the interlace allocation per bandwidth part, while it is also critical to carefully design the interlace to avoid partial blocking between UEs with different bandwidth. Furthermore, with the increase of subcarrier spacing, the transmission power efficiency would be degraded because the bandwidth of existing granularity of one PRB would exceed the PSD granularity of 1MHz, e.g., one PRB occupies 1.44MHz. Moreover, the multiplexing capacity would be degraded with the increase of subcarrier spacing, if the same transmission power is to be achieved, which is determined by the number of PRBs per interlace that  also in turn determines the number of interlaces within a given bandwidth. The impact needs further investigation and determines any necessary enhancement. 
Regarding PUCCH, similar as PUSCH waveform discussed above, it would be easier to meet the requirement by scattering RBs over the whole bandwidth by proper resource allocation for CP-OFDM based multiple RBs PUCCH, such as PUCCH format 2, while interlaced waveform can be easily implemented for multiple RBs PUCCH with DFT. As for single RB short PUCCH, i.e. PUCCH format 0, it is not clear whether existing PUCCH structure could fulfil the OCB requirement which may be observed over many symbols, e.g., more than 1 second that can be interpreted as the impact of a short instance transmission is ignorable as long as the UL frequency resources on average can meet the OCB requirement, or frequency hopping over the edge of bandwidth is allowable if the test is to average over the whole 1ms.  
For SRS, the existing waveform can be directly reused if the configured bandwidth of SRS meets OCB requirement. In addition, more flexible RS transmission location may also need to be considered. NR supports SRS transmission over more than one symbol at the end of a slot, i.e., within the last 6 symbols of the slot. When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. On unlicensed band, the restriction of SRS location may not be desirable with the consideration of LBT impact. For example, there could be a gap between PUSCH and SRS transmitted by the same UE in which UE may lose the channel.  
The PRACH waveform for NR-U also needs enhancements to satisfy the OCB regulation, such that the PRACH occasions can span at least 80% or 70% of the nominal bandwidth in the 5 GHz and 60 GHz unlicensed band respectively. Similar to PUSCH/PUCCH, the NR-U PRACH transmission waveform can be constructed through proper resource allocation in the frequency domain to meet the OCB regulation. In addition, the performance of the corresponding NR-U PRACH waveform design needs to be evaluated, such as the PRACH preamble detection and the PAPR performance.
Moreover, interlace design should also take the efficient multiplexing between UL channels with different subcarrier spacing or different number of PRBs into account.  
Proposal 3: NR-U shall study the interlaced resource allocation at least for PUSCH/PUCCH/PRACH to meet the OCB requirement.
4 HARQ-ACK Feedback 
In order to operate NR in unlicensed spectrum without assistance from licensed carrier, transmission of HARQ-ACK via PUCCH on unlicensed spectrum would be necessary. However, the HACK-ACK may not be transmitted on time (or dropped) due to failure of LBT, the latency of HARQ-ACK transmission on unlicensed spectrum cannot be guaranteed, which could be a bottleneck of NR-U performance. More specifically, a channel access procedure especially for contention window size is generally adapted according to available HARQ-ACK feedback on the reference slot defined for contention window size update. It is noted that the reference subframe for LTE-LAA downlink is defined as 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. If the HARQ-ACK for the reference slot is not available at the gNB/UE before accessing the channel, the contention window size should be doubled, which results in reduced channel access probability unnecessarily. Furthermore, HARQ-ACK feedback information for uplink data transmission is informed by NDI in a UL grant, additional UL grant transmission would be required to indicate acknowledgement for a corresponding uplink transmissions. If multiple HARQ processes are activated, signaling overhead for HARQ-ACK feedback may not be negligible. Therefore, it is beneficial for NR-U to introduce additional HARQ-ACK feedback mechanism to inform HARQ-ACK information for more than one HARQ process and to facilitate the latest HARQ-ACK information with marginal overhead as much as possible. HARQ-ACK feedback mechanism introduced for Rel-15 LTE LAA could be a baseline.
Proposal 4: NR-U shall consider additional HARQ-ACK feedback mechanism to efficiently facilitate the latest HARQ-ACK information in channel access procedure.

5 Conclusion
Proposal 1: NR-U shall reuse the candidate subcarrier spacing for SS/PBCH block and the maximum number of SS/PBCH blocks within a burst set for carrier frequency range lower than 52.6 GHz, and further study the parameters for carrier frequency range larger than 52.6 GHz.
Proposal 2: NR-U shall evaluate the performance of LBT-based transmission of SS/PBCH blocks, and study potential solutions for enhanced synchronization signal and/or PBCH performance if needed.
Proposal 3: NR-U shall study the interlaced resource allocation at least for PUSCH/PUCCH/PRACH to meet the OCB requirement.
Proposal 4: NR-U shall consider additional HARQ-ACK feedback mechanism to efficiently facilitate the latest HARQ-ACK information in channel access procedure.
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