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Introduction
An exception sheet [1] was approved at RAN #88-e identifying the remaining open issues to complete the work item.  This contribution addresses the remaining UE transmitter requirements for single carrier PC5 operation.  Requirements associated with carrier aggregation and dual connectivity are outside of the scope of this contribution as are band-specific requirements.  The baseline for this contribution are the agreements captured in the draft CR [2] from RAN4 #95-e.
Discussion
Open items and scope of the contribution
The list of open issues identified in the WID exception sheet [1] are listed below
· If and how to introduce 6 GHz band (5925 – 7125 MHz or variation thereof) for NR-U.  6 GHz band-specific requirements include channel raster, GSCN, A-MPR, SE for coexistence, and reference sensitivity.
· Whether to include 100 MHz channel bandwidth, channel raster, intra-cell guard band sizes (stretch goal)
· Number of usable RB’s and intra-cell guard band sizes for 60 kHz SCS
· UE power class 3 requirements including assumed PA architecture, requirements for TxDIV and UL MIMO if PC5+PC5 is to be specified, and how to define requirements whether they are separate for two architectural alternatives or whether there is a single requirement that applies to both (lower priority)
· Verification and any necessary modification to general MPR for PC5
· A-MPR for PC5 and, with lower priority, PC3 for Band n46 corresponding to NS_28, NS_29, NS_30, and NS_31
· UE coexistence spurious emission requirements
· Inter-band UL CA requirements
· EN-DC Tx and Rx requirements
· Tx time masks
· PC3 ACLR (lower priority)
· ACS, in-band blocking, out-of-band blocking, spurious response
· Intra-band DL CA receiver requirements
· Inter-band DL CA receiver requirements
· 10 MHz channel bandwidth requirements when used as SCell in CA 
· Some details for basestation Rx requirements need further discussion
· Structure of basestation specification and how to include 60 kHz SCS non-interlaced requirement

This contribution addresses remaining standalone single carrier (not CA or DC) NR-U requirements for PC5, excluding the items that have been identified as lower priority or stretch goals in RAN #88-e.  These are highlighted in yellow in the above list in addition to a few other small topics requiring update.  The contribution addresses general requirements independent of band. 
MPR
MPR has been tentatively agreed for NR-U [2].  However, MPR is currently unspecified for Pi/2-BPSK modulation as well as for NR (non-interlaced) waveforms.  Without Pi/2-BPSK power boosting, the MPR for BPSK is expected to be the same or lower than that for QPSK.  Since Pi/2-BPSK power boosting is not identified for NR-U bands, it is proposed that the same MPR agreed for QPSK be also applied to Pi/2-BPSK.  For non-interlaced waveforms, the MPR defined for NR cannot be reused since the NR-U emission requirements are different (i.e., SEM is similar to 802.11) and the 20 dBm power class is not specified for NR.  However, it is proposed that the same MPR that is defined for interlaced waveforms can also be applied to non-interlaced waveforms.  In particular, the MPR defined for interlaced is divided by full allocation and partial allocation where any allocation that is not full is regarded as partial.  While the MPR was derived and simulated for interlaced waveforms, the results can also apply for non-interlaced NR waveforms.  For fully allocated waveforms, the NR-U interlaced and NR waveforms are identical from an MPR perpsective.  For partial allocations, a single interlace waveform was chosen to represent the worst case.  If it can be understood that this waveform also represents the worst case for NR non-interlaced partially allocated waveform, then the same MPR as derived for NR-U can also be used for non-interlaced waveforms.
For wideband channels where there is overlap between ACLR and IQ image of allocated sub-bands into non-transmitted sub-bands, the agreement was to further evaluate the need for an increased MPR.  One challenge in assessing this need is the assumption for IQ image imbalance.  According to specification the IQ image has been assumed to be -28 dBc in deriving MPR and A-MPR values.  However, the agreement for SEM emissions within non-transmitted sub-bands of a wideband channel is to set a floor at -28 dBr.  Therefore, even without any other impairment such as ACLR, the -28 dBr SEM floor is only marginally met due to the transmitter’s IQ image.  Any other impairment is expected to cause SEM failure.  Moreover, since IQ image and SEM requirements are relative in dBc and dBr, they may not necessarily monotonically improve as the Tx power is reduced.  It has been suggested in [3] that an additional 0.5 to 1 dB is needed in the MPR to account for the impact over non-transmitted sub-bands where ACLR and IQ image overlap and the SEM requirement is floored at -28 dBr.  The effect of ACLR and IQ image overlap was observed in simulation, however, the impact was very small and difficult to assess within the accuracy of the simulation.  The simulation results did not corroborate the need for an additional 0.5 to 1 dB MPR offset relative to that proposed in [4].  
ON/OFF time mask
The ON/OFF time mask requires further consideration due to the clear channel assessment (CCA) procedure preceding transmission.  For NR the transient periods associated with ON/OFF time mask are located outside of the transmission in order to preserve the fidelity of the first and last symbols of the transmission.  In other words, it is expected that transmitter ramp-up and ramp-down sequences occur outside of the actual transmission of data.  The transient times for NR are 10us.  However, it is not necessarily possible to allocate 10us of ramp-up transient time before the transmission for NR-U.  During the 9us slot duration before transmission, a sensing of the channel with at least 4us within in the sensing slot should be conducted to verify that the channel is idle.  Therefore, the earliest that Tx ramp-up can commence is 5us before the transmission to allow for channel sensing.  The latest is after the 9us or at the start of the transmission instant.  To accommodate both of these cases it is proposed to allow ramp-up to begin 5us before the start of transmission and to allocated a 10us transient period starting from the transmission instant.  In the case of CP extension longer than 10us, the transient despite being inside of the transmission will not degrade the transmission quality of the first symbol.  The transient time after the transmission is placed after the last symbol, as it is for NR to preserve the quality of the last symbol.  In case a 25us sensing slot is scheduled for another user at the end of this transmission, then it is possible that the ramp-down transient may influence the CCA result.  It is recommended to place the sensing at the end of the 9us Tsl to minimize this influence.  
The ON/OFF mask is applicable regardless of the channel, so long as it is representative of the start and end of a single transmission.  Transitions within a single transmission are subject to the conventional NR ON/OFF time masks since a CCA is not required.Figure 1.  Proposed ON/OFF mask for NR-U
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Power control tolerance
The power control requirements of absolute, relative, and aggregated power tolerance are adjusted for NR-U to extend the gap between successive transmissions to 40ms from the 20ms requirement for NR.  The extension to 40ms is intended to maintain power control accuracy over longer periods of no transmission due to the uncertainty introduced by LBT.  Because of the need to detect an idle channel before transmission, the period of time between successive transmission is expected to increase in average.  The 40ms duration is consistent with eLAA requirements in 36.101.
UE coexistence spurious emissions
Generally, UE coexistence requirements provide protection to other 3GPP licensed bands at a level of -50 dBm/MHz except when a harmonic relationship between transmit and receive frequencies is present.  The bands to be protected are typically identified as those that may be deployed within the same geographical region.  Because the NR-U bands are unlicensed they do not necessarily follow the same conventions as licensed bands.  Licensed bands, for example, are not required to provide incoming coexistence protection to LAA Band 46.  Moreover, other technologies such as WiFi using the unlicensed bands do not provide any outgoing coexistence protection to other 3GPP bands.  It is therefore proposed that UE coexistence requirements, either incoming to protect the NR-U bands or outgoing to protect other 3GPP bands, are not required with respect to the NR-U standalone bands.  Instead, the general spurious emission requirements apply.  Carrier aggregation or dual connectivity combinations including a licensed band would be obligated to protect other 3GPP band in the same way as eLAA with respect to the licensed band.
Receiver requirements
Adjacent channel selectivity
The baseline ACS value with wanted signal channel bandwidth of 20 MHz has not yet been agreed.  The interferer bandwidth and scaling of ACS as a function of bandwidth has been agreed.  Baseline values for ACS were proposed ranging from 18 dB to 27 dB [5] with a value of 24 dB acceptable to most companies as compromise.  It is proposed to adopt the baseline value of 24 dB to complete this requirement.
Blocking
In-band blocking and out-of-band blocking for single carrier NR-U have already been agreed and captured in [2].
Wideband intermodulation
Wideband intermodulation introduces two interfering signals:  CW and modulated.  To be consistent with other receiver requirements with interfering signals (i.e., ACS and blocking), it is proposed that the modulated signal be fixed at 20 MHz in bandwidth with associated frequency offset separation.  
Conclusion
This contribution provides a list and proposed handling for the remaining general requirements for stand-alone single carrier NR-U.  The changes described in this contribution are included in a CR [6].
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