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Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK16]The SID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands e.g. 5GHz, 60GHz. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. The objectives in the SID and the agreement reached in RAN1#92 [2] are as follows:
SID RP-170828:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
[bookmark: _GoBack]Agreement in RAN1#92:
· 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 technologies not using unlicensed access in those bands.
In this contribution, we discuss potential physical layer channels and reference signals design, including SS/PBCH block, CSI-RS, DRS, SRS, PRACH, PUSCH, PUCCH, etc., and measurement for NR-U.
 Potential RSs and physical channels design
 RS design
 SS/PBCH block
An SS/PBCH block specified in Rel-15 NR licensed band includes PSS, SSS, and PBCH associated with DM-RS, which occupies four OFDM symbols in time domain and 240 resource elements in frequency domain, as shown in Figure 1. Wherein, PSS/SSS can be used for cell search and time/frequency synchronization. PBCH carrying MIB is used to transfer master system information such as SFN, subcarrier spacing for SIB1 and Msg. 2/4, subcarrier offset, PDCCH configuration for SIB1, etc. Besides, SSS can also be used for L3 RRM measurement for mobility, and L1-RSRP measurement for beam management. DM-RS is used for PBCH demodulation and SS/PBCH block index determination.
For NR-U deployment scenarios, the SS/PBCH block should also be supported in the NR-U carrier to enable above functionalities, e.g. initial access and measurement and so on. NR-U carrier may include Scell in CA scenario, PScell in dual connectivity scenario (with LTE or with NR), Pcell in standalone scenario (with UL in licensed/unlicensed band). The SS/PBCH block transmission in NR-U should be considered to satisfy the regulation requirements in unlicensed band and increase the probability of its opportunistic transmission. 


Figure 1. SS/PBCH block
· SS/PBCH block transmission in frequency domain
According to ETSI regulation in 5 GHz band [3], the Occupied Channel Bandwidth (OCB), defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB). For 60GHz bands, the OCB shall be more than 70% of the NCB [4]. 
The OCBs of an SS/PBCH block with subcarrier spacing 15KHz, 30KHz, 120KHz, 240KHz are equal to 3.6MHz, 7.2MHz, 28.8MHz and 57.6MHz respectively. Take an SS/PBCH block with subcarrier spacing 15KHz in 5GHz band as an example, it is almost impossible to meet the OCB requirements since system/nominal bandwidth in most cases would be greater than 5MHz. 
One consideration is that we need to solve the problem of the OCB regulation requirements on the SS/PBCH block transmission not including PDSCH/PDCCH. When an SS/PBCH block is sent, some occupancy signal can be multiplexed with the SS/PBCH transmission in frequency domain to satisfy the OCB requirements. How to send occupancy signal can be left to the implementation of the gNB. Or the occupancy signal can be specified as one or multiple SS/PBCH blocks, CORESET/RMSI, or CSI-RS.
From another point of view of ETSI regulation requirements, we may not need to deal with the OCB problem of an SS/PBCH block transmission not including PDSCH/PDCCH, since ETSI EN 301 893V2.1.1 complements the following case under the above rules: during a COT (channel occupancy time), an equipment may operate temporarily with an OCB of less than 80% of its NCB with a minimum of 2 MHz. An SS/PBCH only takes up four OFDM symbols, which is very short in the time domain compared with a maximum COT. Whether the SS/PBCH block transmission belongs to a temporary operation can be further discussed. This point needs to be clarified in the RAN1 meeting.
Observation 1: The OCB regulation requirements on an SS/PBCH block transmission not including PDSCH/ PDCCH in unlicensed band need to be clarified.
· SS/PBCH block transmission in time domain
As we know, an SS/PBCH block consists of four consecutive symbols. Thus when an SS/PBCH block is transmitted alone, only one LBT process needs to be executed before its transmission and inserting occupancy signals as LAA DRS (RSs in one LAA DRS occasion are discontinuous) is not needed.
When an SS/PBCH block is sent along with other RSs or channels, we need to keep the time domain continuous as much as possible for reducing the number of LBT. RMSI (Remaining minimum system information) at least in standalone scenario needs to be transmitted together with an SS/PBCH block in unlicensed band. NR supports three kinds of SS/PBCH block and CORESET/RMSI multiplexing patterns. Two FDM multiplexing patterns, i.e. pattern 2/3 are supported only forFR2, and TDM multiplexing pattern, i.e. pattern 1 is supported in all bands. For TDM multiplexing pattern 1 for SS/PBCH block and CORESET/RMSI, NR-U should support the continuous transmission of SS/PBCH block and CORESET/RMSI.
Proposal 1: NR-U should support the continuous transmission of SS/PBCH block and CORESET/RMSI if TDM multiplexing pattern 1 for SS/PBCH block and CORESET/RMSI is applied.
During a half frame window, all candidate SS/PBCH blocks in Case A and Case C specified in TS 38.213 are discontinuous as shown in Figure 2. There is always a gap between any two candidate SS/PBCH blocks in Case A or C. But for Case B in FR1 and Case D or E in FR2, not all SS/PBCH blocks have gaps between them in time domain. If multiple SS/PBCH blocks in a half frame are applied for beamforming (e.g. one candidate SS/PBCH block for one beam), the gNB needs some time to perform LBT before each SS/PBCH block is transmitted. Therefore, at least for Case B, D and E, we need to consider new channel access mechanisms for SS/PBCH blocks when beamforming applied, or design new SS/PBCH block mapping patterns.



(a) SS/PBCH block mapping patterns within 1ms at the band f<= 6GHz


(b) SS/PBCH block mapping patterns within 0.25ms at the band f>6GHz
Figure 2. SS/PBCH block mapping patterns 
Proposal 2: Channel access mechanisms or new SS/PBCH block mapping patterns should be considered when applying SS/PBCH blocks for beamforming.
There are multiple candidate SS/PBCH blocks in a half frame window. For carrier frequency smaller than or equal to 3 GHz, the maximum number L of candidate SS/PBCH blocks is 4. For carrier frequency larger than 3 GHz and smaller than or equal to 6 GHz, the maximum number L is 8. For carrier frequencies larger than 6 GHz, the maximum number L is 64. If SS/PBCH blocks is not applied for beamforming, each candidate SS/PBCH block in a half frame can be seen as an opportunity to be transmitted. But if applying SS/PBCH blocks for beamforming, there is not enough opportunities in a half frame for SS/PBCH blocks since one candidate SS/PBCH block is to be transmitted in the direction corresponding to one beam. The approaches to improve the transmission opportunity of SS/PBCH block should be considered, e.g. extend the window length, increase new candidate SS/PBCH blocks at the blank time domain in the half frame window.
SS/PBCH block burst set periodicity can be 5, 10, 20, 40, 80 or 160ms. In NR-U, the SS/PBCH block burst set periodicity could not be too small from the perspective of fair coexistence, and SS/PBCH may even adopt a LBT type with high priority e.g. CAT 2. In addition, the periodicity of LAA DRS 40ms, 80ms, or 160ms can be used as a reference for SS/PBCH block in NR-U.
Furthermore, in order to balance fair coexistence and improve transmission opportunities, SS/PBCH block burst set can be configured with double periodicities, including long and short periodicity. As shown in Figure 3, long and short periodicity are respectively configured as 80 ms and 20 ms. The SS/PBCH block burst set over short periodicity are used to increase SS/PBCH block transmission opportunities when the SS/PBCH block at long periodicity occasion fails. If SS/PBCH block at long periodicity occasion is successfully transmitted, NR-U gNB can skip the following short periodicity occasions until the next long periodicity occasion. In other words, in a (long) period, there can be multiple candidates for SS/PBCH block burst sets or multiple half-frame windows. If the SS/PBCH block for one beam is sent successfully in one set or one window during this period, then next candidate SS/PBCH block for transmission will jump to the next (long) period.


Figure 3. Candidate half-frame windows in a periodicity 
Proposal 3: In order to increase transmission opportunities, the following options can be considered:
· Increase new candidate SS/PBCH blocks at the blank time domain in the half frame window
· Extend the window length
· Multiple candidate SS/PBCH block burst sets or multiple candidate half-frame windows within a period
· LBT category for SS/PBCH block transmission
Considering the regulatory requirement of unlicensed carrier, LBT operation needs to be performed before SS/PBCH block transmission. If LBT failure occurs, SS/PBCH block may not be transmitted in time, which will result in large delay or failure of initial access for UE, as well as measurement performance degradation. On top of that, due to the duration with four symbols for each SS/PBCH block that is even less than DRS in LAA, it should access the channel with high priority, e.g., fast LBT such as Cat 2 LBT. As for the transmission of SS/PBCH block and CORESET/RMSI time multiplexing, LBT category should also be considered.
Proposal 4: SS/PBCH block could access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.
 DRS
DRS (discovery reference signal) was introduced in Rel-12 for small cell on/off and discovery for cell search, time/frequency synchronization and RRM measurement. Same as Rel-12 DRS, LAA DRS is composed of CRS, PSS/SSS and configurable CSI-RS. But an LAA DRS occasion only consists of a period with a duration of 12 OFDM symbols, which is shorter than Rel-12 DRS (one or two subframes to five consecutive subframes). In order to increase the transmission opportunity of LAA DRS, an LAA DRS transmission not including PDSCH/PDCCH/EPDCCH adopted a higher channel access mechanism i.e. CAT2 with a 25us sensing interval, that can occur in any subframe within the discovery signal measurement timing configuration (DMTC). 
To some extent, NR-U does not need to design a new DRS since SS/PBCH block can achieve almost all functions of each component RS in LAA DRS. Some of the comparisons are as follows: PSS/SSS in SSB vs. PSS/SSS in LAA DRS to achieve cell search and time/frequency tracking; SSS in SSB vs. CRS in LAA DRS for L3-RRM measurement. Furthermore, SSS in SSB can also be used for L1-RSRP measurement, and PBCH in SSB carries master system information. An exception is that the configurable CSI-RS in LAA DRS can be used for TP identification, but CSI-RS is optional and not mandatory. Thus SS/PBCH block can take the place of DRS. We only need to consider the SS/PBCH block transmission problems in unlicensed band as analyzed in section 2.1.
Observation 2: NR-U does not need to design a new DRS since SS/PBCH block can achieve almost all functions of each component RS in LAA DRS.
 CSI-RS
NR support a CSI-RS with 1, 2 and 4 OFDM symbols and up to 32 antenna ports. Same as LTE, NR also support periodic, aperiodic and semi-persistent CSI-RS transmission. CSI-RS can be used for L3-RRM measurement in connected state for mobility, L1-RSRP measurement for beam management, and CSI measurement for scheduling.
CSI-RS can be sent together with SS/PBCH block and/or CORESET/RMSI. No matter whether it is multiplexed with SS/PBCH block and/or CORESET/RMSI in time domain or frequency domain, one LBT process executed before transmission is enough. If applying frequency domain multiplexing, a CSI-RS resource should be configured on RBs outside RBs occupied by SS/PBCH and CORESET in the symbol containing SS/PBCH and CORESET. CSI-RS design in NR licensed band is flexible enough to support above TDM or FDM multiplexing scheme.
For NR-U DL, CSI measurement and report are still necessary. Due to the uncertainty of channel availability for CSI-RS transmission and the measurement result report, the periodic CSI measurement and report may not be always applicable. Furthermore, the interference situation in the measured unlicensed spectrum may fluctuate violently and be unpredictable due to the larger delay between measurement and report, as well as beam-based transmission. The NR-U CSI-RS design for CSI measurement and report should be considered as well.
Proposal 5: NR-U CSI-RS for different functions should be carefully considered.
 SRS
LTE SRS used for channel sounding is transmitted in the last symbol of an UL subframe. In Rel-14 eLAA, aperiodic SRS transmission with PUSCH is supported while periodic SRS is not supported. Aperiodic SRS without PUSCH is supported at least in DL ending partial subframes. Some solutions on LAA SRS took into consideration the uncertainty of channel access, such as SRS transmission timing, SRS subframe configuration etc. LAA SRS can be a starting point for NR-U SRS design, although NR SRS has many aspects different from LTE SRS. 
Same as LTE, NR supports SRS-based frequency-selective scheduling and periodic/aperiodic SRS transmission. Besides, NR can also support SRS-based downlink beamforming and semi-persistent SRS transmission, all of which are not supported in LTE. The timing relation between aperiodic NR SRS trigger and aperiodic NR SRS transmission is also different from LTE SRS. Considering OCB regulatory requirements, only wide-band and BWP SRS could be supported in NR-U. In our opinion, BWP can be considered as the nominal channel bandwidth for UEs in NR-U. The above issues including functions, transmission types, timing and bandwidth of NR SRS should be taken into consideration when designing NR-U.
Proposal 6: LAA SRS can be a starting point for NR-U SRS design. The functions, transmission types, timing and bandwidth of NR SRS should be taken into consideration when designing NR-U SRS. 
 Physical channel design
 PRACH
In LTE-LAA, PRACH procedure was not supported in the unlicensed carrier. However, some different deployment scenarios have been supported in NR-U, e.g., non-standalone (CA or DC), standalone. For non-standalone scenarios, only CFRA (Contention Free Random Access) procedure is required in NR-U. However, for standalone (SA) scenarios, both CFRA and CBRA (Contention Based Random Access) should be supported in NR-U to realize UL synchronization and resource request, etc. 
Proposal 7: For the need of different scenarios (e.g., NSA and SA), NR-U should support CFRA and CBRA procedure.
Considering LBT requirement in unlicensed carrier, the 4-step PRACH procedure needs to succeed in at least four LBTs before each message can be transmitted, and the failure of any LBT can lead to a significantly increased random access delay and resource overhead. Based on this, some enhancement for PRACH procedure can be considered, e.g., simplified PRACH procedure such as 2-step PRACH procedure.
Proposal 8: Some enhancement for PRACH procedure can be considered, e.g., simplified PRACH procedure such as 2-step PRACH procedure.
Further, in order to minimize LBT overhead and reduce latency in unlicensed operation. Some messages of PRACH procedure can be considered to be transmitted on different carriers. Alternatively, simplified LBT mechanism, e.g., Cat-2 LBT should be considered.
Proposal 9: A simplified LBT mechanism for random access should be considered, e.g., Cat-2 LBT.
[bookmark: OLE_LINK7]Furthermore, the occupied channel bandwidth (OCB) regulation for RACH Preamble also need to be satisfied. The current NR supports both long and short sequence RACH preambles. Long sequence is 839, while short sequence is 139. Wherein, SCS supported for the long sequence are 1.25 KHz and 5 KHz; SCS supported for short sequence are 15 KHz and 30 KHz for below 6 GHz and 60 KHz and 120 KHz for above 6 GHz. For instance, assumed that for below 6GHz frequency band and 20MHz carrier bandwidth, the occupied bandwidth with 15 and 30 KHz SCS are 2.16MHz and 4.32MHz, respectively, which obviously do not fulfil the ETSI Occupied Channel Bandwidth requirement as shown in Figure 4. Therefore, in order to meet the OCB requirement, some enhancement methods can be considered, e.g., frequency domain repetition of preamble, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.
[image: ]
Figure 4. An example of preamble’s OCB not satisfying regulatory requirement
Proposal 10: In order to meet the OCB requirement for RACH preamble, some enhancement methods should be considered, e.g., frequency domain repetition of preamble, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.
 PUSCH/PUCCH
As NR support non-slot based scheduling and the PUSCH can start from any symbol and the duration can be from 1 to 14 symbols, therefore, the UE can transmit PUSCH from the nearest symbol after a successful channel access, then the resource utilization can be improved. However, the start symbol is dynamically DCI indicated, this position may not well matched with the nearest symbol with UE LBT success time. Some further study can be performed for slot-aggregation transmission or multiple slot scheduling scheme similar to LAA can be considered to improve the MCOT utilization efficiency. 
[bookmark: OLE_LINK3]PUCCH/PUSCH transmission should meet the OCB requirement. For example, the signal occupied bandwidth shall be at least 80% (5GHz) or 70% (60GHz) of the declared nominal channel bandwidth according to the European standard. In eLAA, for PUSCH, interlaced-RB allocation has been adopted to meet the OCB requirement but the PUCCH transmission on unlicensed bands had not been specified. Currently in NR, both short-duration PUCCH and long-duration PUCCH are supported to cater to different requirements of UCI payload and cell coverage. Therefore, both interlaced PUCCH and interlaced PUSCH can be considered to meet occupied channel bandwidth requirement and further studies should be performed for UL DFT-OFDM waveform. Meanwhile, if NR-U adopt CP-OFDM for UL transmission, then RE level interlaced allocation can also be considered.
Proposal 11: Necessary enhancement for PUSCH/PUCCH resource allocation and data transmission should be considered for NR unlicensed band operation.
 Measurement
A new RSSI measurement was introduced in Rel-13 LAA for helping the eNB detect the potential hidden nodes and providing the reference for carrier selection. A list of new L1 parameters to support the UE-reported RSSI measurement for LAA includes L1 averaging duration, measurement duration, periodicity of UE-reported RSSI measurement duration, and optional subframe offset. 
NR-U also need to solve the problems of hidden nodes and carrier selection, and thus RSSI measurement should be considered in NR-U. In addition to the above LAA RSSI configuration parameters, necessary enhancements on RSSI should be considered for NR-U. For example, in an NR-U carrier, the received signalin RSSI may come from devices belong to different operators and devices adopting different RATs, which is different from NR-licensed.Signals transmitted from different devices can be measured as a whole, or separately according to different signal sources, in which case more than one NR-U RSSI definition can be defined. 
One RSSI type is that RSSI measurement symbols/slot contains signals potentially transmitted from the devices of other RATs, devices of other NR-U operators, and NR-U devices of serving operator. This RSSI type is similar to RSSI in licensed bands and Wi-Fi RSSI. It reflects the total interference of the carrier. Thus the RSSI type should be measured when all devices in the network are allowed to transmit. Another RSSI type is that RSSI measurement symbols/slot contains signals transmitted from the devices not belonging to the serving operator and the devices of other RATs. In other words, this RSSI type do not include the energy derived from NR-U devices of the same operator. The RSSI type reflects the interference not generated by the devices of the serving NR-U operator. The RSSI type is specifically useful for frequency reuse among the NR-U devices of the same operator.
Proposal 12: Two RSSI types can be defined for NR-U to detect the potential hidden nodes, provide the reference for carrier selection, and enable frequency reuse.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996]Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U reference signal design and physical channel design, and have the following observations and proposals:
Observation 1: The OCB regulation requirements on an SS/PBCH transmission not including PDSCH/ PDCCH in unlicensed band need to be clarified.
Observation 2: NR-U does not need to design a new DRS since SS/PBCH block can achieve almost all functions of each component RS in LAA DRS.
Proposal 1: NR-U should support the continuous transmission of SS/PBCH block and CORESET/RMSI if TDM multiplexing pattern 1 for SS/PBCH block and CORESET/RMSI is applied.
Proposal 2: Channel access mechanisms or new SS/PBCH block mapping patterns should be considered when applying SS/PBCH blocks for beamforming.
Proposal 3: In order to increase transmission opportunities, the following options can be considered:
· Increase new candidate SS/PBCH blocks at the blank time domain in the half frame window
· Extend the window length
· Multiple candidate SS/PBCH block burst sets or multiple candidate half-frame windows within a period
Proposal 4: SS/PBCH block could access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/ short sensing interval.
Proposal 5: NR-U CSI-RS for different functions should be carefully considered.
Proposal 6: LAA SRS can be a starting point for NR-U SRS research. The functions, transmission types, timing and bandwidth of NR SRS should be taken into consideration when designing NR-U SRS. 
Proposal 7: For the need of different scenarios (e.g., NSA and SA), NR-U should support CFRA and CBRA procedure.
Proposal 8: Some enhancement for PRACH procedure can be considered, e.g., simplified PRACH procedure such as 2-step PRACH procedure.
Proposal 9: A simplified LBT mechanism for random access should be considered, e.g., Cat-2 LBT.
Proposal 10: In order to meet the OCB requirement for RACH preamble, some enhancement methods should be considered, e.g., frequency domain repetition of preamble, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.
Proposal 11: Necessary enhancement for PUSCH/PUCCH resource allocation and data transmission should be considered for NR unlicensed band operation.
Proposal 12: Two RSSI types can be defined for NR-U to detect the potential hidden nodes, provide the reference for carrier selection, and enable frequency reuse.
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