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1. Introduction
New WID on NR-based Access to Unlicensed Spectrum [1] has been approved in RAN#82. For RAN4 one of the objectives is as follows:

Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 2). 
In this contribution, we discuss and analyse existing BS RF core requirements for NR unlicensed usage taking into account E-UTRA and NR specifications. In separate contribution [6] we discuss further wideband operation for NR-U. 
2. Discussion

2.1 Existing BS RF requirements 

E-UTRA requirements were baseline for introduction of Licensed-assisted access (LAA) requirements. In E-UTRA, core specification [3] for Licensed-assisted access (LAA) BS RF requirements were introduced as band 46 requirements. High number of LAA requirements re-use LTE requirements. However, some of them are LAA specific – that is visible in specification as specific band 46 requirements. The same approach can be used for NR unlicensed (NR-U). NR BS RF core specification requirements in TS 38.104 can be used as a baseline for NR-U BS RF requirements. 
Proposal 1. NR BS RF core specification requirements in TS 38.104 can be used as a baseline for NR-U BS RF requirement.
Table 1 provides initial review of BS transmitter and receiver core requirements for NR-U.
Table 1. BS RF Tx and Rx requirements review for NR-U
	
	Type of requirement
	Comments

	BS Transmitter requirements
	BS output power
	Possible to re-use NR FR1 requirements.

	
	RE power control dynamic range
	Possible to re-use NR FR1 requirements.

	
	Total power dynamic range
	Not applied in E-UTRA specification for LAA. Shall not be applied for NR-U.

	
	Transmitter transient period
	Possible to re-use NR FR1 requirements.

	
	Frequency error
	Possible to re-use NR FR1 requirements.

	
	Modulation quality
	Possible to re-use NR FR1 requirements.

	
	Time alignment error
	Possible to re-use NR FR1 requirements.

	
	Occupied bandwidth
	Some restrictions exist for E-UTRA B46 for operation in Japan. It should be further studied the same restrictions shall be re-used for NR-U.

	
	ACLR
	In E-UTRA specification, Band 46 specific ACLR/CACLR requirements are defined. As concluded in SI, E-UTRA LAA ACLR requirements shall be re-used. Some restrictions exist for E-UTRA B46 for BS operating in non-contiguous spectrum as well as for Cumulative ACLR (CACLR).

	
	OBUE
	Separate BS operating band unwanted emission limits masks for band 46 for 10 MHz and 20 MHz exist in E-UTRA specification. For NR-U additional OBUE limits masks for wider channel bandwidth shall be considered. 

	
	Transmitter spurious emission
	Possible re-use of NR FR1 requirements.

	
	Transmitter intermodulation
	Possible re-use of NR FR1 requirements.

	BS Receiver requirements
	Reference sensitivity level
	In E-UTRA specification new additional reference measurement channels have been introduced. New reference measurement channels may be required. 

	
	Dynamic range
	In E-UTRA specification new additional reference measurement channels have been introduced. New reference measurement channels may be required. 

	
	ACS
	In E-UTRA specification, narrowband blocking requirements are not applied for Band 46. There is no need to define narrowband blocking requirements for NR-U. Possible re-use of NR FR1 requirements for ACS.

	
	In-band blocking
	The in-band blocking requirements apply outside the Base Station RF Bandwidth or Radio Bandwidth. Interfering signal characteristics need to be checked for NR-U.

	
	Out-of-band blocking
	Possible re-use of NR FR1 requirements. Interfering signal characteristics need to be checked for NR-U.

	
	Receiver spurious emission
	Possible re-use of NR FR1 requirements.

	
	Receiver intermodulation
	In E-UTRA specification, narrowband intermodulation requirements are not applied for Band 46. There is no need to define narrowband intermodulation requirements for NR-U. Possible re-use of general intermodulation NR FR1 requirements. Interfering signal characteristics need to be checked for NR-U.

	
	In-channel selectivity
	Possible re-use of NR FR1 requirements. New reference measurement channels may be required.


From BS transmitter requirements in table 1 it seems that for NR-U at least the following NR FR1 requirements could be reused: BS output power, RE power control dynamic range, Transmitter transient period, Frequency error, Modulation quality, Time alignment error, Transmitter spurious emission, Transmitter intermodulation. 
Proposal 2: Following NR FR1 transmitter requirements could be reused for NR-U: BS output power, RE power control dynamic range, Transmitter transient period, Frequency error, Modulation quality, Time alignment error, Transmitter spurious emission, Transmitter intermodulation. 

Some LAA specific requirements related to regulatory requirements, are different compared to LTE. These are: ACLR and OBUE. ACLR for LAA was agreed based on many simulations done during LAA study Item and work item phases. As it is already concluded in NR-U study item technical report [3], it is considered to define the same ACLR requirements for LAA and NR-U (in 5GHz as an example), since ACLR requirements for NR FR1 are the same as for LTE.
Proposal 3: LAA ACLR requirements shall be reused for NR-U.
Operating band unwanted emission (OBUE) masks for LAA were designed for Local Area and Medium Range BS for 10 MHz and 20 MHz channel bandwidths. These masks fulfill regulatory requirements for unlicensed band 5 GHz. Additionally, there are absolute limits introduced. For up to 20 MHz channel bandwidths, NR-U can reuse LAA OBUE masks. However, as NR-U may use wider channel bandwidths, additional OBUE masks need to be considered. 
Proposal 4. LAA Operating band unwanted emission mask for up to 20 MHz can be reused by NR-U.

Proposal 5. For NR-U, for channel bandwidths above 20 MHz, additional OBUE masks should be considered.
From BS receiver requirements point of view, the following requirements can be reused: In-band blocking, Out-of-band blocking, Receiver spurious emission, general Receiver intermodulation. However, for some of these Rx requirements interfering signal types for NR-U shall be reviewed. 
Proposal 6. Following NR FR1 receiver requirements can be reused: In-band blocking, Out-of-band blocking, Receiver spurious emission, general Receiver intermodulation.
Because of specifics of 5 GHz unlicensed band, there is no narrowband blocking and intermodulation requirement for LAA. Thus, also for NR-U it is proposed to not introduce these requirements.
Proposal 7. It is proposed to not introduce narrowband blocking and intermodulation requirement for NR-U.

For NR-U, the following receiver requirements may require new reference measurement channels: Reference sensitivity level, Dynamic range, in-channel selectivity.
Proposal 8. For NR-U the need for new reference measurement channels (FRCs) should be considered.

In E-UTRA specification, unlicensed band 46 is the highest band in the frequency range. NR FR1 specification was designed with frequency range up to 6 GHz. As discussed in [5], only 5 GHz band plan can be agreed as re-farmed band n46. For NR-U band above 6 GHz, any potential modification to BS Tx and Rx requirements should be checked, for example frequency range for BS spurious emission limits etc.
Proposal 9. For NR unlicensed band(s) above 6 GHz, extension of BS Tx and RX requirements from below 6 GHz shall be checked. 

2.2 Potential new BS RF requirements for NR-U
As was discussed in LS reply to RAN1 [7] some new RF requirements would be needed for NR-U such as:
· In-carrier leakage and blocking requirement: this will be required at the “gap(s)” where CCA fails.
·  “Out-of-BWP” (however within the wideband carrier) leakage requirement: this may be required at the edges of BWP within the wideband carrier bandwidth.
These issues are wider discussed in our separate contribution [6].
3. Conclusion

In this contribution, we discuss and analyse BS RF core requirements for NR unlicensed usage, taking into account both LAA and NR core transmitter and receiver requirements. We have made following proposals:
Proposal 1. NR BS RF core specification requirements in TS 38.104 can be used as a baseline for NR-U BS RF requirement.
Proposal 2: Following NR FR1 transmitter requirements could be reused by NR-U: BS output power, RE power control dynamic range, Transmitter transient period, Frequency error, Modulation quality, Time alignment error, Transmitter spurious emission, Transmitter intermodulation. 

Proposal 3: LAA ACLR requirements shall be reused for NR-U.
Proposal 4. LAA Operating band unwanted emission mask for up to 20 MHz can be reused by NR-U.

Proposal 5. For NR-U for channel bandwidths above 20 MHz additional OBUE masks should be considered.

Proposal 6. Following NR FR1 receiver requirements can be reused: In-band blocking, Out-of-band blocking, Receiver spurious emission, Receiver general intermodulation.
Proposal 7. It is proposed to not introduce narrowband blocking and intermodulation requirement for NR-U.

Proposal 8. For NR-U the need for new reference measurement channels (FRCs) should be considered.

Proposal 9. For NR unlicensed band(s) above 6 GHz, extension of BS Tx and RX requirements from below 6 GHz shall be checked. 
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