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1. Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
To maximize the applicability of NR-based access, it’s beneficial to study solutions applicable to unlicensed bands scenarios as part of the NR development. In this contribution, we consider potential physical layer channel designs for NR unlicensed scenarios, focusing to the following channels and signals:
· DRS, Broadcast signals and synchronization
· PUSCH
· PUCCH
· PRACH.
2. DRS, Broadcast Signals and Synchronization 
A discovery reference signal (DRS) is assumed to be defined for NR-U. In RAN1#92 contributions were discussing the structure of the DRS. Common denominator was that DRS would include at least an SS/PBCH block comprising synchronization signals PSS and SSS, and physical broadcast channel PBCH. Other potential DRS components discussed were CSI-RS and PDCCH+PDSCH for RMSI delivery. In the following we discuss SS/PBCH design and DRS structure, and whether or not it would be feasible to have RMSI also part of the DRS block.
2.1	Requirements for DRS design
We consider the following requirements and assumptions to be applied for the DRS design: 
· Maximize commonality between designs for the cases when RMSI is, and is not transmitted  in an NR-U cell
· At below 7 GHz assume single beam operation
· Support multiple DRS transmission opportunities against negative LBTs
· Support repetitions for DRS transmissions for each DRS transmission opportunity - to improve DL coverage
Beamforming is one of the important features in NR design. However, in unlicensed spectrum the total RF output power is normally restricted by EIRP limitation. For example, the RF output power EIRP limitation is 23 dBm and 24 dBm in 5 GHz unlicensed band, as regulated in ETSI 301.839 and FCC 15.247, respectively. Furthermore, both antenna gain and additional beamforming gain should be taken into account with this limitation. This means directional transmission with high beamforming gain cannot lead to additional coverage in unlicensed spectrum, if the device is able to reach maximum output power with omni-direction. And, it is more cost efficient to increase the maximum output power than to introduce additional beamforming gain. Hence, broadcast signaling (such as SSS/PSS/PBCH/RMSI) benefits from single beam operation in low frequency unlicensed spectrum (e.g., <7 GHz), leading to much higher efficiency compared to beamforming with beam sweeping operation.
Proposal 1: Only support single beam operation for DRS transmission at below 7 GHz.
As one very important design aspect, we see that DRS design should support repetition to enhance coverage and thus provide NR-U with more deployment options. Due to PSD regulations, synch signals (PSS and SSS) in SS/PBCH block would be transmitted with 15.8 or 18.8 dBm transmit power assuming 30 or 60 kHz SCS, respectively. That corresponds to 7.2 or 4.2 dB less transmission power than full carrier / channel (20 MHz) allocation would allow for. This power shortage together with 3-4 dB higher noise figure at RX in downlink likely makes downlink SS/PBCH block a bottleneck in link budget, limiting the achievable coverage. Thus, it is seen essential to support repetition for DRS transmissions including SS/PBCH block.
Proposal 2: Support repetition of DRS transmissions. 
Support for both multiple DRS transmission opportunities, and DRS repetition with minimum LBT overhead requires that there should be multiple opportunities for a repetition pattern consisting of consecutive DRS locations in time as illustrated in Figure 1 for the case of 1 TX (without repetition) and 4 TXs (with repetition). To avoid LBT overhead between two consecutive DRS transmission in case of repetition, DRS locations within a repetition pattern should be defined without gaps.
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Figure 1 DRS mapping to support multiple opportunities for a DRS repetition pattern. 

Proposal 3: DRS locations within a repetition pattern should be defined without time domain gaps. 
Proposal 4: As a baseline support up to four transmissions within a repetition pattern.

2.2	SS/PBCH block with and without RMSI
According to RAN1#92 agreement, the following deployment scenarios are considered for the NR-U:
	Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)



There are scenarios where the NR-U cell needs to transmit RMSI (e.g. Stand-alone NR-U) and where the NR-U cell may not need to transmit RMSI (e.g. Carrier aggregation scenario). Thus, similar to NR Rel-15, also NR-U should support case where RMSI is transmitted together with SS/PBCH block and case where RMSI is not transmitted in the NR-U cell.
Observation 1: In NR-U there are deployment scenarios where NR-U cell transmits RMSI associated with the SS/PBCH block and where NR-U cell does not transmit RMSI associated with the SS/PBCH block. 
NR Rel15 defines a primary, so called cell-defining SS/PBCH block (CD-SSB), for cell search, initial access, RMSI and RACH association, RRM measurements and beam management. CD-SSBs are located on predefined synch raster positions which can be offset by 0…11 subcarriers in FR1 compared to the common PRB grid, when the same SCS is used for both SS/PBCH and RMSI delivery (CORESET for RMSI scheduling defines initial BWP and is located on a common PRB grid). The offset is signalled in the PBCH of the SS/PBCH block. CD-SSB block has an associated RMSI, i.e. PBCH provides a configuration of CORESET for monitoring PDCCH, which in turn is used for scheduling PDSCH carrying RMSI. 
Furthermore, NR Rel-15 defines a secondary, so called non-cell-defining SS/PBCH block (NCD-SSB) for RRM measurements, wideband operation and beam management. NCD-SSBs are located on common PRB grid. NCD-SSB does not have an associated RMSI. On a wideband NR carrier there can be both cell-defining and non-cell-defining SS/PBCH blocks.
[bookmark: _Hlk510684692]For the NR-U deployment scenarios where the NR-U cell transmits RMSI associated with the SS/PBCH block, the CD-SSB can be used. And correspondingly for the NR-U deployment scenarios where an NR-U cell does not need to transmit RMSI the NCD-SSB can be used. 
Observation 2: For the NR-U deployment scenarios, where the NR-U cell transmits RMSI associated with the SS/PBCH block, cell-defining SS/PBCH block concept can be used. 
Observation 3: For the NR-U deployment scenarios, where the NR-U cell does not need to transmit RMSI, non-cell-defining SS/PBCH block concept can be used. 

2.3	SS/PBCH block structure
NR Rel-15 defines an SS/PBCH block for time and frequency synchronization acquisition within a cell, and detection of the physical layer Cell ID of that cell. SS/PBCH block comprises NR-PSS, NR-SSS and NR-PBCH (+DMRS) and spans four symbols in time domain and 20 PRBs in frequency domain, as shown in Figure 2. NR-PSS and NR-SSS sequence lengths are doubled compared to PSS and SSS in LTE to provide improved one-shot detection performance. The same structure is used irrespective of the subcarrier spacing and carrier frequency range in NR. In general, we consider that the developed SS/PBCH block structure can be applied also for unlicensed operation.

Proposal 5: Use NR Rel-15 SS/PBCH block time and frequency domain structure for NR unlicensed operation.
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[bookmark: _Ref510216135]Figure 2 Time and frequency domain structure of NR Rel15 SS/PBCH.

2.4	SS/PBCH block numerology
In Rel-15 NR, supported SCSs for the SS/PBCH block are 15 and 30 kHz at below 6 GHz and 120 kHz and 240 kHz at above 6 GHz. 60 kHz SCS option is seen as a feasible numerology in general when operating e.g. at 5 GHz NR-U. To support operating with a single numerology it would make sense to introduce 60 kHz SCS for the SS/PBCH block for unlicensed operation in sub 6 GHz. 
Proposal 6: Consider introduction of 60 kHz SCS for SS/PBCH block design in NR-U.

2.5	On SS/PBCH block transmission periodicity
SS/PBCH block burst set periodicity can be 5, 10, 20, 40, 80 or 160 ms in NR Rel15. Use of lower periodicities is attractive because of minimizing the system overhead and enabling gNB power saving, especially in low velocity scenarios that also unlicensed operation typically represents. One concern in unlicensed operation could be that if gNB uses low periodicity and negative LBT blocks the SS/PBCH block, the next SS/PBCH block would be coming after a long period. But as discussed in 2.2 multiple SS/PBCH block transmission opportunities within a SS/PBCH block burst set provide robustness against negative LBT. 
Observation 4: Multiple transmission opportunities for SS/PBCH block both with and without repetition within an SS burst set would allow use lower SS/PBCH block burst set periodicity in NR unlicensed.

2.6 	DRS structure
As discussed in 2.2., there are deployment scenarios where the SS/PBCH block has an associated RMSI while in some other scenarios the SS/PBCH block does not have associated RMSI in the NR-U cell. Assuming a 20 MHz initial BWP and multiple times larger RMSI payload than PBCH payload, the time domain allocation for PDCCH+PDSCH carrying RMSI would likely be longer than the SS/PBCH time allocation of four symbols. Then further assuming that SS/PBCH locations are the same in both cases, i.e. when RMSI is transmitted and when RMSI is not transmitted, an issue would emerge that multiple LBTs are required for delivering four times transmitted SSB (repetition pattern) as illustrated in Figure 3.
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[bookmark: _Ref510128038]Figure 3 DRS having SS/PBCH and RMSI in SA and only SS/PBCH in NSA.
Based on the above we conclude that DRS should not have RMSI multiplexed in the same transmission block if time domain allocation for RMSI is longer than four symbols (SS/PBCH block time allocation). 
Thus, our preferred approach is that RMSI is transmitted separately from DRS following TDM multiplexing pattern between SS/PBCH block and RMSI similarly as defined in NR Rel15 enabling SS/PBCHs to be transmitted consecutively without time domain gaps when repetition is used. In other words, we prefer defining a DRS block to be similar in both cases when RMSI is transmitted and when RMSI is not transmitted:
· RMSI transmitted in NR-U cell: NR-U cell transmits separately DRS blocks (with or without repetition) and RMSI 
· RMSI not transmitted in NR-U cell: NR-U cell transmits only DRS blocks (with or without repetition)
Assuming single beam operation at below 7 GHz there could be a fixed association between the DRS burst set covering multiple opportunities for single TX or a repetition pattern and 2 consecutive slots where the UE monitors for RMSI with periodicity of 20 ms. That would allow gNB to have 16 transmission opportunities for RMSI within an RMSI TTI of 160 ms. That is considered to be robust against negative LBTs and should also provide possibilities UE for combining multiple RMSI transmissions within the TTI. This approach is illustrated in Figure 4. 
Advantage of the considered scheme is that the same DRS design can be applied for both cases: RMSI transmitted and RMSI not transmitted, while a drawback is that there is no “one-shot” SI acquisition but multiple LBTs are required.
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[bookmark: _Ref510128678]Figure 4 DRS and RMSI TDM multiplexing. 
Proposal 7: DRS block structure and DRS block time domain positions are same in both cases: RMSI is transmitted and RMSI is not transmitted in NR-U cell. When RMSI is transmitted, it is transmitted separately from DRS transmissions in time.
Proposal 8: Define a fixed association between the DRS burst set (covering multiple opportunities for single TX or for a repetition pattern) and 2 consecutive slots the UE monitors for RMSI with a periodicity of 20 ms.
2.7	On DRS block frequency domain allocation
The SS/PBCH block may not occupy 80 % of the channel bandwidth with the specified structure. Assuming for instance 20 MHz carrier and either 30 or 60 kHz SCS for the SS/PBCH block, the SSB frequency domain allocation is 7.2 MHz or 14.4 MHz, respectively. In order to fulfil the 80 % transmission bandwidth for the DRS it should be considered which signals could be FDMed with the SS/PBCH block. NR Rel15 supports FDM multiplexing between CSI-RS for RRM, beam management and CSI acquisition (1 or 2 port CSI-RS) and SS/PBCH block. It’s seen aslogical that DRS in NR-U would comprise SS/PBCH and CSI-RS FDM multiplexed.
Observation 5: NR supports FDM multiplexing between SS/PBCH block and CSI-RS for RRM, BM and CSI acquisition which can also be exploited in NR unlicensed to fulfil the transmission bandwidth requirement when there is no data transmitted simultaneously with the SS/PBCH block. 
Proposal 9: DRS block comprises SS/PBCH block and CSI-RS multiplexed in FDM manner and has a duration of four symbols. 
2.8	LBT category for DRS and RMSI transmission
In LTE LAA/eLAA, a DRS consisting of synchronization signals and reference signals, is transmitted to allow UEs to discover and measure cells. The DRS transmission not including PDSCH is subject to LBT and follows a single sensing interval of at least 25 µs. Correspondingly, it is considered that the same LBT category, i.e. the one where transmission follows an LBT without random back-off, is applied for the DRS and RMSI transmissions in NR-U. Assuming that LBT without random back-off can be performed for the transmissions of which duration is less than 1 ms, a repetition pattern with four consecutive DRS transmissions would be allowed to use such LBT category with 30 and 60 kHz SCS. Correspondingly, the RMSI transmission consisting of PDCCH and PDSCH can be transmitted within one slot and assuming e.g. 30 kHz SCS the gNB would be able to transmit RMSI having length of 0.5 ms using the LBT without random backoff.
Proposal 10: DRS transmission (with or without repetition) and RMSI transmission at below 7 GHz uses an LBT without random back-off.
3. PUSCH design
Unlicensed band usage involves different regulatory rules which aim at fair and equal spectrum usage for different devices. The main rules involve limitations related to occupied channel bandwidth (OCB) and limitations related to maximum power spectral density (PSD). Both rules are relevant especially for uplink transmission since DL can be made wideband by gNB scheduler decision. 
Block Interleaved OFDMA (B-IFDMA) is the baseline transmission scheme used for uplink transmissions in LTE LAA. We think that also in the NR, there is a need to support interlace-based operation to achieve sufficiently high transmission power under PSD limit and to meet regulatory rules defined for occupied channel bandwidth. This can be done by means of interlace-based operation. However, NR solution needs to be designed to support for multiple numerologies as well as wideband operation. We consider interlace design for the NR-U uplink scenario in more details in [4].
The regulatory rules are also evolving. For example, according to the latest updates made for ETSI regulation corresponding to 5GHz band, during a Channel Occupancy Time (COT) of 5GHz band, equipment may operate temporarily with an OCB of less than 80% of its Nominal Channel Bandwidth with a minimum of 2 MHz. We see that the potential benefits from this allowance should be explored. For example, a wide BW variant of a NR signal may use resources less efficiently than the original Rel-15 NR signal. In such case, the wide BW variant could be used only when OCB requirement needs to be met by the signal, and more efficient Rel-15 NR signal would be used otherwise.     
Proposal 11: UL resource allocation needs to be enhanced to support interlace based operation.
Proposal 12: OCB requirement is not applicable in all cases and in those cases Rel-15 NR channels / signals may be used.
4. PUCCH design 
NR unlicensed SI will address architectural scenarios where NR LAA cell connects with LTE anchor cell on licensed band using Dual-Connectivity or NR cell operates standalone in unlicensed spectrum. In such cases it is not possible to transmit HARQ feedback via licensed band, and HARQ feedback needs to be transmitted over unlicensed spectrum. 

In Rel-15 NR, 5 PUCCH formats are introduced: PUCCH formats 0 and 2 have duration of 1 or 2 symbols while PUCCH formats 1, 3 and 4 have duration of 4 symbols or more. We see that all PUCCH formats are needed for NR unlicensed: the short PUCCH formats 0 and 2 are suitable for short UCI transmissions at the end of DL burst while the long PUCCH formats 1, 3 and 4 are needed to carry larger UCI payloads and/or to provide reasonable coverage for NR unlicensed.

Regulatory restrictions on PSD and/or EIRP density as well as on transmission occupied channel BW has impact on PUCCH transmission power similarly to PUSCH. The transmission power for 1 PRB PUCCH allocations is limited to 10 dBm under 10 dBm/MHz PSD limit. In respect to OCB requirement, ETSI allows temporally BW less than 80% of nominal channel BW, but with minimum BW of 2 MHz. Minimum BW of 2 MHz means 12, 6, and 3 PRB allocation for SCS of 15 kHz, 30 kHz, 60 kHz, respectively. Such resource allocations are roughly equal to resource allocations required for interlace structures as discussed in [4].

Hence, we see that an interlace structure should be introduced also for PUCCH. The interlace structure should preferably be similar to PUSCH interlace structure for the sake of system simplicity as well as to support flexible multiplexing with PUSCH especially for long PUCCH formats 1, 3 and 4.  

Proposal 14: PUCCH formats 0-4 are enhanced to support interlace structure.

Proposal 15: Similar interlace structure is supported for both PUSCH and PUCCH.  

5. PRACH design
Rel-15 NR supports both long and short sequence PRACH preambles. Sequence length is 839 for the long and 139 for the short sequence. Two different SCS options are defined for the long sequence: 1.25 and 5 kHz. For the short sequence, the SCS options are 15 and 30 kHz for below 6 GHz and 60 and 120 kHz for above 6 GHz. Considering for instance the 6 GHz frequency range of unlicensed spectrum and 20 MHz carrier bandwidth, the occupied bandwidth with 15 and 30 kHz SCS are 2.16 MHz and 4.32 MHz, respectively, which obviously do not fulfil the ETSI Occupied Channel Bandwidth requirement. Therefore, it can be concluded that the current NR PRACH design does not suit unlicensed band operation without modifications.

Observation 6: NR PRACH design does not match well with the regulatory requirements set for unlicensed band operation.

To satisfy the limitations related to occupied channel bandwidth (OCB) and to overcome the limitations related to maximum power spectral density (PSD), Block Interleaved OFDMA (B-IFDMA) was accepted as the baseline uplink transmission scheme used for uplink transmission in LTE LAA. It is based on usage of 10 interlaces, each having 10 clusters with 1 PRB. A straightforward NR-U PRACH waveform is to reuse interlace based structure, similar to NR-U PUCCH/PUSCH waveform, by choosing proper Zadoff-Chu sequence lengths.

However, mapping Zadoff-Chu sequence into interlace based structure will cause some issues for Timing Advance (TA) estimation, as shown in Fig. 5. The autocorrelation of B-IFDM-based preamble has many false peaks, and those false peaks will compromize the accuracy of TA estimation seriously, since the false peaks are easily confused with the main peak when the impact of multi-path propagation, noise are interference are added. Accurate TA estimation is important to support large cell coverage and/or large SCS, since the length of CP decreases with the increase of SCS proportionally.

[image: ][image: ]
Figure 5: Autocorrelation of B-IFDM-based preamble

Observation 7: B-IFDM-based PRACH waveform will cause issues of TA estimation.

Therefore, new NR-U PRACH design is desired. For the new NR-U PRACH, the following items shall be considered:
· Satisfying the limitations of OCB
· Achieving sufficient coverage without violating the limitations of PSD
· Good TA estimation accuracy
· Multiplexing capacity
· High synergy with Rel-15 NR PRACH design

Proposal 16: A new PRACH design for NR-U shall be studied.
6. Conclusions
In this contribution, we have discussed potential solutions and techniques for NR unlicensed. Based on the discussion, we make the following observations and proposals:
DRS, Broadcast signals and synchronization:

Proposal 1: Only support single beam operation for DRS transmission at below 7 GHz.

Proposal 2: Support repetition for DRS transmissions.

Proposal 3: DRS locations within a repetition pattern should be defined without time domain gaps. 
Proposal 4: As a baseline support up to four transmissions within a repetition pattern.
Observation 1: In NR-U there are deployment scenarios where NR-U cell transmits RMSI associated with the SS/PBCH block and where NR-U cell does not transmit RMSI associated with the SS/PBCH block.
Observation 2: For the NR-U deployment scenarios where the NR-U cell transmits RMSI associated with the SS/PBCH block the cell-defining SS/PBCH block concept can be used. 
Observation 3: For the NR-U deployment scenarios where the NR-U cell does not need to transmit RMSI the non-cell-defining SS/PBCH block concept can be used.
Proposal 5: Use NR Rel-15 SS/PBCH block time and frequency domain structure for NR unlicensed operation.

Proposal 6: Consider introduction of 60 kHz SCS for SS/PBCH block design in NR-U.
Observation 4: Multiple transmission opportunities with both with and without repetition within an SS burst set would allow use lower SS/PBCH block burst set periodicity in NR unlicensed.
Proposal 7: DRS block structure and DRS block time domain positions are same in both cases: RMSI is transmitted and RMSI is not transmitted in NR-U cell. When RMSI is transmitted, it is transmitted separately from DRS transmissions in time.
Proposal 8: Define a fixed association between the DRS burst set (covering multiple opportunities for single TX or for a repetition pattern) and 2 consecutive slots the UE monitors for RMSI with a periodicity of 20 ms.
Observation 5: NR supports FDM multiplexing between SS/PBCH block and CSI-RS for RRM, BM and CSI acquisition which can also be exploited in NR unlicensed to fulfil the transmission bandwidth requirement when there is no data transmitted simultaneously with the SS/PBCH block. 
Proposal 9: DRS block comprises SS/PBCH block and CSI-RS multiplexed in FDM manner and has a duration of four symbols.
Proposal 10: DRS transmission (with or without repetition) and RMSI transmission at below 7 GHz uses an LBT without random back-off.
PUSCH design:
Proposal 11: UL resource allocation needs to be enhanced to support interlace based operation.
Proposal 12: OCB requirement is not applicable in all cases and in those cases Rel-15 NR channels / signals may be used.
PUCCH design:
Proposal 14: PUCCH formats 0-4 are enhanced to support interlace structure.

Proposal 15: Similar interlace structure is supported for both PUSCH and PUCCH.  

PRACH design:
[bookmark: _GoBack]Observation 6: NR PRACH design does not match well with the regulatory requirements set for unlicensed band operation.
Observation 7: B-IFDM-based PRACH waveform will cause issues of TA estimation
Proposal 16: A new PRACH design for NR-U shall be studied.
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