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1 Introduction 

A new study item on “NR-Based Access to Unlicensed Spectrum” was approved in TSG RAN Meeting #77 [1], with the following objectives:
· 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.

While at this stage of this study item it is of primarily importance to define the spectrum of interest, and the deployment scenario to target, as well as simulation methodologies, that allow to best quantify and characterize this system in order to fairly study the coexistence with other incumbent technologies, it is equally important to start looking at some of the aspects of the design that might require particular attention. In this context, this contribution lists some considerations that must be taken into consideration while designing NR operating on unlicensed spectrum.

2 Consideration on Discovery Signals
Differently than NR operating in licensed spectrum, for NR operating in unlicensed spectrum, there will be no transmission if there is no data to transmit. However, some signals must be periodically transmitted to provide the UEs time/frequency synchronization, essential system information updates, and in general for radio resource management. For this reason, in NR-unlicensed the introduction of a new radio discovery signal (NRDS-U), which periodically provides this information, is instrumental.

The NRDS-U can contain PSS/SSS, to acquire PCI and frame timing, PBCH, for essential system information, and CSI-RS for beam management and tracking. The transmission of the NRDS-U, depending on the regulatory constraint over the operating spectrum, may be subject to be transmitted upon channel access contention procedures, i.e., LBT, that make the transmission occasion of this signal not known a priori. Due to this, the NRDS-U cannot be transmitted in a periodic manner. However, in order to overcome this issue, reduce power consumption and complexity at the UE side, but at the same time increase the chance to transmit this signal when channel contention techniques must be used, the transmission of the NRDS-U is allowed within a time window which repeats periodically and allows multiple channel access attempt to be performed, and provides the UE an indication of when this signal is expected to be received. 
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Fig. 1 – Illustration of the NRDS-U transmission procedure
Observation: A new discovery signal, which carries synchronization and RRM information is instrumental for NR-unlicensed. However, if the system is subject to perform channel access procedures, this signal cannot be transmitted in a periodic manner. 

Proposal 1: A new discovery signal for NR is introduces, which consists of PSS/SSS, PBCH and CSI-RS for beam management and tracking, if configured. 

Proposal 2: The new discovery signal is transmitted within a time window that repeats periodically.
As stated above, for an NR system operating on unlicensed band, the NRDS-U transmission may be conditional upon the success of a channel contention procedure, and in this case signal combining among transmission occasions cannot be achieved. For this purposes, in order to limit the information acquisition time for the signals transmitted within the NRDS-U, this contains multiple time/frequency repetitions of the signals, i.e multiple time/frequency repetitions for PSS/SSS and PBCH.  

Proposal 3: The new discovery signal may contain time/frequency repetitions of PSS/SSS and PBCH.
3 Channel Access Considerations
In Figure 1 below we show a high-level view of the LBT procedures applied to LTE-LAA. 
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Figure 2: Channel access mechanism in LTE-LAA
LTE-LAA LBT procedures are based on energy detection (ED) principles and relies fundamentally on the eNB acquiring a channel occupancy time (COT) for downlink transmission. Specifically a Cat-4 LBT with random backoff and variable contention window size (CWS) is required to start the channel occupancy time (COT) for PDSCH transmission. In addition, single-shot 25µsec LBT is required for DRS transmission and for Rx/Tx node to share the COT acquired by the associated Tx/Rx node. In addition, transmission without LBT is also allowed within a 16µsec gap as part of a shared COT. The principle of LTE-LAA channel access based on a COT provides resource fairness implying two nodes competing for channel access will on average receive the same amount of time-frequency resource. Consequently a node with advanced Tx/Rx capabilities can potentially attain a higher throughput compared to a node with less advanced capabilities for traffic with the same priority class. In summary, LTE-LAA channel access philosophy and procedures should be considered as a starting point for NR-U channel access studies.    
However, the channel access mechanisms in place for LTE-LAA (and CSMA/CA principles borrowed from 802.11 community) are designed fundamentally for nodes with omni-directional/sectorized transmission and reception capability. This is illustrated in Figure 2 where we show that a clear channel assessment (CCA) of a medium in an omni-directional or sectorized manner makes more sense when neighbouring nodes are transmitting in a similar manner. Even so, there is an issue of hidden nodes – transmitting nodes that can affect the receiver but remains un-detectable during CCA. 
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Figure 3: LTE-LAA LBT principles applied to omni-directional/sectorized transmission and reception

It is understood that considering the deployment time-frame and frequency-bands for NR, nodes capable of narrow beamformed transmission and reception should be supported for unlicensed access. Consequently fair channel access mechanisms are needed for directional transmissions and receptions. Comparing Figure 2 with Figure 3(a) and (b) we observe that narrow beamformed transmissions exacerbate the hidden node problem. In addition we illustrate in Figure 3(a) that CCA in an omni-directional/sectorized manner can be beneficial depending on the proportion of omni-directional/sectorized nodes in the medium. CCA in a directional manner as in Figure 3(b) should be studied to understand how CCA directions can be determined for effective LBT. 
[image: image4.png]— CCAdirection
——» TXdirection
Hidden
node

Hidden
node









[image: image5.png]Hidden . CCA direction
node

‘ —— TXdirection
Hidden
node

Hidden
node




(a) Narrow BF Tx, omni/sectorized CCA



(b) Narrow BF Tx, directional CCA
Figure 4: The hidden node problem is exacerbated as nodes perform directional transmission 

Proposal 4:

· Consider LTE-LAA as a starting point for NR-U channel access in terms of philosophy and procedures for omni/sectorized Tx/Rx.
· Study mechanisms to allow fair and directional channel access to support nodes with narrow beamformed Tx/Rx and mechanisms to mitigate issues due to hidden nodes.
4 Considerations on Reference Signals and MIMO 
In terms of reference signals, NR licensed design provides improvements over LTE licensed design in several aspects considering forward compatibility with unlicensed operation already. Therefore we expect to fully reuse NR reference signal designs and procedures with little to no modifications. In the following we highlight some aspects of NR licensed design that are suitable for unlicensed operation.
NR-PSS can be reused for unlicensed operation for coarse timing estimation to acquire symbol boundary and coarse frequency estimation (integer and fractional). NR-SSS can be used for further refinement of frequency offset estimates and for measurements (may be in addition to PBCH DMRS).

NR-CSI-RS-tracking can be reused for fine tracking of timing and frequency offsets, selection of channel estimation filter as well as AGC adjustments for unlicensed operation.
NR-CSI-RS-L1-RSRP can be reused for beam-training and measurements in unlicensed operation. Note that, an SSB block spans over four symbols allowing the UE to some receive beam training opportunities. On the other hand CSI-RS-L1-RSRP resides in a single OFDM symbol allowing a faster transmit beam scanning which is particularly important in unlicensed operation where transmission is limited to a window size. 

NR – CSI-RS-CSI can also be reused for CSI feedback for unlicensed operation. The ability to use shorter symbols (higher subcarrier spacing) and faster processing times in NR can allow a shorter latency between CSI measurement at the UE and usage at the gNB (compared to LTE). Also the introduction of self-contained reporting structure in NR (with RI/PMI/CQI in same report) is beneficial for unlicensed operation. This, along with the fact that the number of HARQ processes need not change between ranks 1-4, allows a faster rank adaptation in unlicensed operation where interference can be quite dynamic.

As mentioned earlier, nodes capable of narrow beamformed transmission and reception should be supported for unlicensed access. In this context, to fully utilize MIMO capabilities MU-MIMO operation should be considered for channel access studies. In general, the scheduler at the gNB dynamically selects users for MU-MIMO transmission according to some QoS criteria and based on past CSI feedback. Due to LBT procedure and hidden node issues in unlicensed operation the accessibility of all MU-MIMO users may not be guaranteed which creates an uncertainty to the gNB scheduler. Advanced MIMO techniques such as CoMP can also benefit unlicensed operation – for example, dynamic point selection CoMP (DPS) can allow a UE to be reached from multiple gNBs which can mitigate the effects of LBT/hidden nodes. 
Proposal 5:

· Reference signals, channels, MIMO transmission and CSI feedback procedures can be reused from NR licensed design.
· Consider advanced MIMO techniques such as MU-MIMO and CoMP for channel access studies.
5 Considerations on Uplink Transmissions
According to our companion paper [2], which summarizes the outcome of the email discussion on the spectrum over which NR-unlicensed is targeted to operate, the 5 GHz band is considered by all the participating companies as a prime candidate spectrum for NR-unlicensed study. 
For this band, the spectrum regulatory requirements vary according to regions, and the most important rules for EU regulations [3] and US regulations [4] are captures below:  
· ETSI specifies that occupied channel bandwidth shall be between 80% and 100% of the declared Nominal Channel Bandwidth. 

· Regulations on the maximum power spectral density are typically stated with a resolution bandwidth of 1 MHz. The ETSI specification requires a Maximum Power Spectral Density (PSD) of 10 dBm/MHz for 5150-5350 MHz, while FCC has a maximum PSD of 11 dBm/MHz for 5150-5350 MHz [2]. Section 5.3.4.2.1.3.3 in [1] requires 10 KHz resolution for testing the 1 MHz PSD constraint and, thus, the maximum PSD constraint should be met in any occupied 1MHz bandwidth. 

· In addition, the regulations impose a band specific total maximum transmission power in terms of EIRP, e.g., ESTI has EIRP limit of 23 dBm for 5150 – 5350 MHz.

In Rel-14 eLAA, in order to accommodate for these rules, and to better make use of the resources, the interlaced RB allocation, where user data are placed over interlaced RBs and are frequency multiplexed, was agreed. On the other hand, it is noted that the newly designed IEE 802.11ax OFDMA scheduling mode has not considered the so-called occupied channel bandwidth regulation. That said, moving forward to the NR-unlicensed design, it is important to discuss the impact that this interlaced RB allocation structure would have in the design of the UL channels (PUSCH, PRACH, PUCCH). From our point of view, the drawback is that the adoption of this design would require some effort in redesign the physical channels defined in NR. However, on the other hand, if this design is not followed we incur in being limited and constrained by the maximum PSD of 13 dBm/MHz imposed by the spectrum regulatory requirements. In Rel-14 eLAA, this constraint was mitigated through the adoption of the interlaced RB allocation, which allows maximum output power of 20dBm per interlace of 10 PRBs.
Proposal 6: Study the implications that the spectrum regulatory requirements for 5GHz band, e.g., occupied channel bandwidth regulation, have on the NR-unlicensed design of the UL channels.
6 Conclusions

In this contribution, we discussed some considerations for the design of NR-U technologies, and the following proposals and observations were derived:

Observation: A new discovery signal, which carries synchronization and RRM information is instrumental for NR-unlicensed. However, if the system is subject to perform channel access procedures, this signal cannot be transmitted in a periodic manner. 

Proposal 1: A new discovery signal for NR is introduces, which consists of PSS/SSS, PBCH and CSI-RS for beam management and tracking, if configured. 

Proposal 2: The new discovery signal is transmitted within a time window that repeats periodically.
Proposal 3: The new discovery signal may contain time/frequency repetitions of PSS/SSS and PBCH.
Proposal 4:

· Consider LTE-LAA as a starting point for NR-U channel access in terms of philosophy and procedures for omni/sectorized Tx/Rx.
· Study mechanisms to allow fair and directional channel access to support nodes with narrow beamformed Tx/Rx and mechanisms to mitigate issues due to hidden nodes.
Proposal 5:

· Reference signals, channels, MIMO transmission and CSI feedback procedures can be reused from NR licensed design.
· Consider advanced MIMO techniques such as MU-MIMO and CoMP for channel access studies.
Proposal 6: Study the implications that the spectrum regulatory requirements for 5GHz band, e.g., occupied channel bandwidth regulation, have on the NR-unlicensed design of the UL channels.
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