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1   Introduction
The NR new bands have been discussed in RAN4 and RAN [1]. In this contribution, we would like to share our view on the scope of work for NR new bands/band combinations and corresponding RF requirements.
2   Discussion
According to the analysis in [2, 3], we propose to consider the bands lower than 3.5GHz, C-bands, and bands higher than 6GHz for NR. And in [2, 3] we provide the detailed information on how to specify the new NR bands.
The reason to consider lower bands is that they can provide better coverage than higher bands, which would be important especially in the early stage for NR deployment. Besides, we would like to make the best use of SDL bands. 
In Annex I, we summarize all the existing LTE RF requirements, which can be used as a starting point to investigate and define the NR RF requirements.
For bands lower than 3.5GHz, if the bandwidth of NR was not changed, the LTE requirements could be reused with small modifications: the test metrics should be changed since the new coding will be used, in-band/out-of-band requirements should be modified due to the change of waveform, and new requirements should be introduced for the new NR features like URLLC. If the bandwidth was changed, most of requirements need be revisited.
For C-band (3.3GHz~4.99GHz) and even higher bands, e.g., 26GHz, they are new. As we observed from the existing LTE RF requirements shown in Annex I, with the increasing frequency the high bands could not share the same requirements with low bands, even if those requirements are band agnostic for the low bands. And the larger bandwidth will be used for new bands. The RF device/architecture will also change. Thus Most of RF requirements need be re-defined.
In Annex II, we try to summarize the potential scope for Rel-15 NR. With the introduction of new features like Massive MIMO, flexible duplex, URLLC, the new RF requirements for those features should be specified.
For NR, most likely the LTE-NR DC will be deployed widely in the early stage, which can protect the investment on LTE and make the best use of LTE system as well as NR technology. So except for the new single NR bands, we also need to specify the LTE-NR DC band combinations and corresponding requirements.
As mentioned above, LTE/NR coexistence in the same carrier would be a good solution to overcome the drawback of coverage for high frequency especially on uplink. So we should specify the corresponding RF requirements for that feature.
And we also need consider NR-NR CA in Rel-15 to meet the peak data rate requirements for 5G. As a result, the NR-NR CA combination and the corresponding RF requirements should be specified. 
All the requirements for the NR new features should be defined based on the identified NR bands or band combinations.
So in our view, the Rel-15 NR band related work should include:

· Specify the NR bands and the corresponding requirements
· Identify and define the new bands in the frequency range higher than or equal to 3.5GHz
· Identify and migrate LTE bands to NR
· Investigate and specify a new set of RF requirements referring to the existing LTE RF requirements

· Specify the necessary RF requirements for the new NR features based on the identified NR bands
· Identify and specify the LTE-NR DC band combinations and the corresponding requirements
· Identify and specify NR-NR CA band combinations and the corresponding requirements, if needed
3   Conclusion 
In this contribution, we discuss the scope of Rel-15 NR band related work. We propose that:  
Proposal: The Rel-15 NR band related work should include:

· Specify the NR bands and the corresponding requirements
· Identify and define the new bands in the frequency range higher than or equal to 3.5GHz
· Identify and migrate LTE bands to NR
· Investigate and specify a new set of RF requirements referring to the existing LTE RF requirements

· Specify the necessary RF requirements for the new NR features based on the identified NR bands

· Identify and specify the LTE-NR DC band combinations and the corresponding requirements

· Identify and specify NR-NR CA band combinations and the corresponding requirements, if needed
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5   Annex I: Summary of existing LTE RF requirements
Before looking into NR RF work scope, let us first go through the existing LTE RF requirements. In Table 1 and Table 2, we summarize all the RF related requirements for UE and BS respectively, and mark them “band agnostic” or “band specific”.

Table 1: Summary of LTE UE RF related requirements in TS36.101

	Sub-clause
	Requirements
	Band agnostic or band specific

	5.5~5.5F
	Operating bands
	Band specific

	5.6~5.6F
	Channel bandwidth
	Band specific

	5.7.1~5.7.1F
	Channel spacing
	Band agnostic

	5.7.2~5.7.2F
	Channel raster
	Band agnostic

	5.7.3~5.7.3F
	Carrier frequency and EARFCN
	Band specific

	5.7.4~5.7.4F
	Tx-Rx frequency separation
	Band specific

	6.2.2~6.2.2F
	UE maximum output power
	Band specific for tolerance

	6.2.3~6.2.3F
	UE MPR
	Band agnostic

	6.2.4~6.2.4E
	UE A-MPR
	Band specific

	6.2.5~6.2.5F
	Configured transmitted power
	Band specific only for CA ΔTIB,c

	6.3
	Output power dynamics (Minimum output power, Transmit OFF power, ON/OFF time mask, power control)
	Band agnostic

	6.5
	Transmit signal quality (Frequency error, Transmit modulation quality including EVM, carrier leakage, in-band emissions, EVM equalizer spectrum flatness)
	Band agnostic

	6.6.1~6.6.1F, 6.6.2~6.6.2F
	Occupied bandwidth and out-of-band emission
	Band specific for additional spectrum mask requirements

	6.6.3~6.6.3F
	Spurious emissions
	Band specific

	6.7
	Transmit inter-modulation
	Band agnostic

	6.8B
	Time alignment error for UL-MIMO
	Band agnostic

	7.3 
	Reference sensitivity
	Band specific

	7.4
	Maximum input level
	Band agnostic

	7.5
	ACS
	Band agnostic for bands ≤ 3.5GHz, Band specific for Band46 (5GHz)

	7.6
	Blocking characteristics
	Band agnostic for most bands but band specific for some bands

	7.7
	Spurious response
	Can be defined in band agnostic way based on REFSENS

	7.8
	Intermodulation characteristics
	Can be defined in band agnostic way based on REFSENS for for bands ≤ 3.5GHz, Band specific for Band46 (5GHz)

	7.9
	Spurious emissions
	Band agnostic

	7.10
	Receiver image
	Band agnostic


Table 2: Summary of LTE BS RF related requirements in TS36.104

	Sub-clause
	Requirements
	Band agnostic or band specific

	5.5
	Operating bands
	Band specific

	5.6
	Channel bandwidth
	Band agnostic

	5.7.1
	Channel spacing
	Band agnostic

	5.7.2~5.7.2F
	Channel raster
	Band agnostic

	5.7.3
	Carrier frequency and EARFCN
	Band specific

	5.8
	Requirements for contiguous and non-contiguous spectrum
	Band agnostic

	6.2
	Base station output power
	Band agnostic

	6.3
	Output power dynamics (RE power control dynamic range, Total power dynamic range)
	Band agnostic

	6.4
	Transmit ON/OFF power
	Band agnostic

	6.5
	Transmit signal quality (Frequency error, EVM, Time alignment error, DL RS power)
	Band agnostic

	6.6
	Unwanted emissions (ACLR, operating band unwanted emissions, spurious emissions
	Band group specific for bands ≤ 3.5GHz, Band specific for Band46 (5GHz)

	6.7
	Transmit inter-modulation
	Band agnostic expect one note and band41.

	7.2 
	Reference sensitivity
	Band agnostic

	7.3
	Dynamic range
	Band agnostic

	7.4
	In-channel selectivity
	Band agnostic 

	7.5
	ACS and narrow band blocking
	Band agnostic

	7.6
	Blocking characteristics
	Band specific

	7.7
	Receiver spurious emissions
	Band agnostic for most band but band specific for Band 22 42 and 43 (3.5GHz)

	7.8
	Receiver intermodulation
	Band agnostic

	7.9
	Spurious emissions
	Band agnostic

	7.10
	Receiver image
	Band agnostic


We can observe that 

· Terminologies related to operation bands/band combinations, like Channel spacing, raster, are defined band by band for both UE and BS;

· On UE side, output power, A-MPR, out-of-band emissions, spurious emissions and REFSENS are defined in band specific way;

· On BS side, unwanted emissions, blocking characteristics, Receiver spurious emissions are defined in band specific way;

· For some requirements, the requirements for bands less than 3.5GHz are different from those for bands approach 3.5GHz and for unlicensed band in around 5GHz.

6   Annex II: Potential work scope for Rel-15 NR in RAN1
In TR38.913, quite a number of scenarios and requirements for NR are provided. In RAN#73 and RAN#74, the NR SI content was downscoped [4, 5] in order to meet the timeline. Some scenarios or features were de-prioritized, which are mainly enhanced features like V2X, extreme large coverage and etc. So the NR work would mainly focus on eMBB and part of URLLC use cases.

Based on TR38.913, TR38.802 and [4, 5], the main scope of Rel-15 NR WI would include:

· Frame structure in frequency and time domain:

· Numerologies for single NR carriers: multiple numerologies, enable higher frequency bands

· Bandwidth: larger bandwidth than LTE

· Duplex mode: FDD, TDD and flexible duplex (different configurations between flexible duplex of paired spectrum and flexible duplex of unpaired spectrum)
· LTE/NR co-existence 

· LTE-NR DC

· NR-NR CA

· Physical channels and signals:

· Signals for cell search and access

· Broadcast channel

· Control channels of uplink and downlink

· Traffic channels of uplink and downlink

· Reference signals for channel estimation, synchronizations, RRM and CSI measurement

· Transmission schemes:

· Coding/decoding for different channels: LDPC and Polar code

· Modulation/demodulation

· MIMO schemes: Massive MIMO including beam management and CSI feedback

· Waveform: OFDM for uplink and less guard band (CP-OFDM for DL and CP-OFDM/DFT-s-OFDM for UL)
· Physical layer procedures:

· Synchronization procedures (Cell search and timing/frequency synchronization)

· Power control for uplink and downlink

· Random access

· Resource allocation for uplink and downlink: mechanisms to ensure forward compatibility
· CSI feedback

· HARQ-ACK reporting for uplink and downlink

· Modulation order and TB size determination

· Measurement and mobility

· RLM

· RRM

· Cell identification

· Inter-RAT mobility between LTE and NR

In our view, the main differences of Rel-15 NR from legacy LTE system would be

· Enable new spectrum below/above 6GHz with larger bandwidth and massive MIMO

· Flexible duplex to further boost the spectrum utilization efficiency based on uplink-downlink asymmetric traffic

· Better support of URLLC

· New waveform to reduce the guard band

· Less complexity and better performance by using LDPC and Polar coding.
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