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1 Introduction
In RAN1#93 [1], the following agreements were made: Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access









This contribution discusses the aspects related to the downlink signal and channel design for NR-U:
· Enhancements to synchronization signals and broadcast channels
· Enhancements on SFI design
2 Enhancements on synchronization signals and broadcast channels
1 
2 
Discussion on supporting 60 kHz SCS for NR-U sub7 GHz
[bookmark: _GoBack]In NR FR1, 15 kHz and 30 kHz are the two candidate SCS values for SS/PBCH block, and 15 kHz and 30 kHz are also the candidate SCS values for RMSI/OSI/paging. One of the discussion points is whether or not to support 60 kHz subcarrier spacing for SS/PBCH block and RMSI/OSI/paging, for NR-U sub7 GHz. The following aspects should be taken into account for study:
1. Minimum carrier bandwidth.
In NR FR1 bands, the minimum carrier bandwidth can be one of 5 MHz, 10 MHz, or 40 MHz, and 15 kHz and 30 kHz are selected as the two candidate SCS values of SS/PBCH block for those bands. The transmission bandwidth of SS/PBCH block is 20 PRBs, regardless of the applied SCS. Hence, if maintaining the number of PRBs for SS/PBCH block, the minimum carrier bandwidth to support 60 kHz SCS of SS/PBCH block is 20 MHz.   
2. Cell search performance.
In NR FR1, 30 kHz SCS of SS/PBCH block has been proved to be sufficient for resisting initial CFO for all the carrier frequency range, and it was further testified by RAN4 that 30 kHz SCS of SS/PBCH block can be used for carrier frequency range 3 GHz to 5 GHz (e.g. band n77, n78, n79). Hence, from the perspective of initial cell search performance, both 30 kHz and 60 kHz SCS of SS/PBCH block can perform well enough to resist initial CFO, and 60 kHz can provide an extra benefit of shortening the beam sweeping time of SS/PBCH burst set by assuming the same number of SS/PBCH blocks within a burst set 
3. OCB requirement.
SS/PBCH block with 60 kHz SCS and 20 PRB BW occupies 72% of the nominal bandwidth of 20 MHz, and how to meet the OCB requirement should be further studied. In construct, SS/PBCH block with 30 kHz SCS and 20 PRB BW occupies 36% of the nominal bandwidth of 20 MHz, but it can be FDMed with other data (e.g. PDSCH of RMSI) to meet the OCB requirement. 
4. Overlapping bandwidth between licensed and unlicensed bands.
A regional NR-U sub7 GHz unlicensed/shared band can be overlapping with another regional NR FR1 licensed band, wherein the NR FR1 licensed band only supports 15 kHz and/or 30 kHz as the candidate SCS for SS/PBCH block. For example, 3.5 GHz CBRS shared spectrum (e.g. 3550-3700 MHz band) is regional in US only, while licensed bands n77 and n78 in NR FR1 also cover the same carrier frequency in other regions (e.g. Asia and Europe). If 60 kHz SCS of SS/PBCH block is supported for 3.5 GHz CBRS band, UE has to perform blind detection of the SCS on the overlapping bandwidth with bands n77 and n78 in initial cell search, which may remarkably increase the complexity. Hence, 60 kHz SCS of SS/PBCH block for NR-U sub7 GHz should not be supported in the carrier frequency range where licensed bands using 15 kHz and/or 30 kHz SCS of SS/PBCH block already exist. 
5. Coverage of RMSI PDCCH.
If 60 kHz is utilized as the SCS of RMSI, the RMSI CORESET BW can only be configured as 24 PRBs based on the specified channel utilization of 20 MHz carrier bandwidth. The coverage of PDCCH should be carefully testified, in order to support 60 kHz SCS of RMSI. 
From above discussions, we didn’t see a clear gain of supporting 60 kHz SCS for SS/PBCH block. Hence, using supported SCSs as in NR FR1 should be considered as a baseline, in order to minimize the changes to RAN1 spec. For example, for 5 GHz and 6 GHz unlicensed spectrum, using 30 kHz SCS for SS/PBCH block should be a baseline, unless significant gain of using 60 kHz is observed in the study item.   
Proposal 1: For a given NR-U sub7 GHz band, single SCS of SS/PBCH block is supported, and the candidate SCS is selected from 15 kHz or 30 kHz as a baseline.
· For 5 GHz unlicensed band and/or 6 GHz unlicensed band, 30 kHz should be the single SCS of SS/PBCH block as a baseline.
Enhancements on SS/PBCH block structure
In NR, one SS/PBCH block is consisted from 4 consecutive symbols with a BW of 20 PRBs, wherein the central 12 PRBs of the first and third symbols are mapped for PSS and SSS, respectively, and the second and fourth symbols as well as the remaining PRBs in the third symbol other than SSS are mapped for PBCH. An illustration of the composition of SS/PBCH block is shown in Figure 1. 


Figure 1 Illustration of SS/PBCH block composition in NR. 
Based on this composition pattern, it has been observed that the cell ID detection performance in NR can achieve 90% and the PBCH detection error (conditioning on accurate cell ID) can be within 10-2 at SNR -6 dB, based on up to 4 combinations of SS/PBCH blocks.  
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 combining multiple SS/PBCH blocks and degrades the performance of cell search and system information delivery.  
Hence, potential enhancement on the SS/PBCH block structure, e.g. larger transmission BW and/or larger number of symbols should be studied in NR-U, in order to enhance the one-shot detection performance to composite the loss due to reduced channel access opportunities subject to LBT. For example, by adding another symbols for extra PSS, SSS, or PBCH, the performance of one-shot detection can be improved.
Proposal 2: Enhancement to the synchronization signal and PBCH block structure is observed beneficial for improving the one-shot detection performance and compensating reduced channel access opportunities subject to LBT, and should be studied for NR-U.
Discovery Signal and Channel (DSCH)
In the last meeting, “a signal” that contains at least SS/PBCH burst set for both measurement and initial access purpose was discussed. The details of the signal are discussed in this session. 
For a cell-defining SS/PBCH block, a QCLed PDCCH and a QCLed PDSCH of RMSI are associated. In order to reduce the latency from getting synchronized to acquiring system information, it is preferable to contain both SS/PBCH block and its QCLed PDCCH and PDSCH of RMSI within the COT of a LBT. A first method is to transmit the burst of PDCCHs and PDSCHs of RMSI after the transmission of the burst of SS/PBCH blocks, and two separate beam-sweeping is needed if multi-beam operation is enabled. A second method is to multiplex an SS/PBCH block with its associated PSCCH and PDSCH of RMSI within the same slot, such that one round of beam-sweeping can transmit both SS/PBCH block and its associated PSCCH and PDSCH of RMSI. The second method can save the transmission duration comparing to the first method, if using same SCS in the two methods, and is more preferable for NR-U. Hence, we propose the second method as a baseline for constructing the signal, containing at least SS/PBCH burst set, for both measurement and initial access purpose, and refer to Discovery Signal and Channel (PSCH) for short. 
More precisely, DSCH contains at least the SS/PBCH burst set, wherein each SS/PBCH block consisting the burst set can be enhanced from NR Rel-15 to improve one-shot detection performance, CORESETs for monitoring the PDCCHs of RMSI, and PDSCHs of RMSI. The multiplexing of the three components is illustrated in Figure 2 (e.g. assuming the SCS of SS/PBCH block and RMSI is 30 kHz), wherein the CORESET is multiplexed with the associated SS/PBCH block using Pattern 1 with group offset 0 (e.g. TDMed within the same slot), and PDSCH of RMSI is FDMed with the associated SS/PBCH block (e.g. frequency offset is up to the configuration in PBCH). This multiplexing method should be a baseline to be supported for NR-U, and the necessity of supporting more methods (e.g. group offset is larger than 0) should be further studied.     


Figure 2 Example of multiplexing pattern for a DSCH block.
Proposal 3: NR-U should support DSCH containing at least the SS/PBCH burst set, CORESETs for monitoring the PDCCHs of RMSI, and PDSCHs of RMSI, wherein the three components can be multiplexed using Pattern 1 with group offset 0 in a DSCH block as a baseline.
· Necessity of supporting other multiplexing method can be further studied.
3 Enhancements on SFI design
In LTE, subframe configuration for LAA in current and next subframe can be indicated by a PDCCH with CRC scrambled by CC-RNTI. That is, if a UE detects the PDCCH with CRC scrambled by CC-RNTI in subframe n-1 or subframe n of a LAA SCell, the UE may assume that the configuration of occupied OFDM symbols in subframe n according to the 'Subframe configuration for LAA' field in the detected DCI in subframe n-1 or subframe n. For eLAA, a UL offset (l) and UL duration (d) can also be indicated by the PDCCH with CRC scrambled by CC-RNTI, together with the subframe configuration in subframe n-1 or subframe n. If the UE detects the PDCCH with CRC scrambled by CC-RNTI in subframe n, the UE is not required to receive any downlink physical channels and/or physical signals in subframe(s) n+l+i with i=0, 1, … , d-1, which may save UE power consumption to some extent by eliminating unnecessary PDCCH monitoring in uplink subframe(s). Furthermore, the UE may use channel access Type 2 for transmissions in subframes n+l+i where i=0, 1, … , d-1, irrespective of the channel access Type signalled in the UL grant for those subframes, if the end of UE transmission occurs in or before subframe n+l+d-1. Since the subframe configuration and UL duration are indicated by the number of occupied OFDM symbols for downlink and the number of subframes for uplink, these can be indicated by at least one of SFI values specified in NR.
In Rel-15, autonomous UL (AUL) transmission has been introduced to increase uplink performance by eliminating control channel signalling for uplink transmission which requires additional LBT for transmission. In addition to subframe(s) configured for AUL transmission, AUL transmission can be performed in subframe(s) within the indicated UL duration. That is, AUL sharing field is included in the PDCCH with CRC scrambled by CC-RNTI to inform to AUL UE about availability of AUL transmission within the indicated UL duration. If NR-U also supports dynamic AUL sharing mechanism, some enhancements on DCI format 2-0 or defining new DCI format to indicate slot format would be expected. Therefore, further study would be required to clarify necessary information to be informed for NR-U operation. If additional information other than slot format information (e.g. AUL sharing) is required, efficient signalling mechanism including DCI format should also be further investigated. 
Proposal 4: NR shall clarify necessary information to be informed for NR-U operation.
4 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: For a given NR-U sub7 GHz band, single SCS of SS/PBCH block is supported, and the candidate SCS is selected from 15 kHz or 30 kHz as a baseline.
· For 5 GHz unlicensed band and/or 6 GHz unlicensed band, 30 kHz should be the single SCS of SS/PBCH block as a baseline.
Proposal 2: Enhancement to the synchronization signal and PBCH block structure is observed beneficial for improving the one-shot detection performance and compensating reduced channel access opportunities subject to LBT, and should be studied for NR-U.
Proposal 3: NR-U should support DSCH containing at least the SS/PBCH burst set, CORESETs for monitoring the PDCCHs of RMSI, and PDSCHs of RMSI, wherein the three components can be multiplexed using Pattern 1 with group offset 0 in a DSCH block as a baseline.
· Necessity of supporting other multiplexing method can be further studied.
Proposal 4: NR shall clarify necessary information to be informed for NR-U operation.
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