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Background
There was not much progress in intra-carrier guardband with 60 kHz SCS in RAN4#94bis-e and discussion will be continued in RAN4#95e based on WF [1] from RAN4#93 where we understand there is a fundamental interpretation difference for alt.1 and alt.2 options in the WF (copied the key table below). In this contribution, we review previous discussions and agreements to clarify 20 MHz SU with 60 kHz SCS applicability in NR-U.
	SCS
	20MHz Channels
	40MHz Channels
	60MHz Channels
	80MHz Channels

	Alt. 1 60KHz
	24
	[23-5-23]
	Max. 51
	[23-5-23-5-23]
	Max. 79
	[23-5-23-5-23-5-23]
	Max. 107

	Alt. 2 60KHz
	[25]
	[24-3-24]
	Max. 51
	[24-3-25-3-24]
	Max. 79
	[24-4-24-3-24-4-24]
	Max. 107



In the other hand, there was a question in RAN4#94bis-e, whether Rel-16 WI could be considered as to be completed without conclusion of intra-carrier guardband with 60 kHz SCS [13]. 
It is stated that investigating the feasibility of increasing the number of usable PRBs is one of major RAN4 objectives in WID [2]. The relevant part is excerpted below for the reference:
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
...

Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
…
Core specifications for UE, gNB and RRM requirements [RAN4]: 
-	Specify new unlicensed band(s) for the 5 GHz and 6 GHz frequency ranges (see Note 1). The band(s) definition should include DL only and UL/DL operation.
-	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). 
-	Investigate the feasibility of increasing the number of usable PRBs for different numerologies and channel bandwidths in unlicensed bands, and if found feasible, specify such support.
- 	Specify RRM/RLM core requirements.
Note 1: The actual frequency range for specification can be further discussed based on regulatory updates in the US and Europe.
Note 2: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.



This contribution we will share our views on these above two aspects.
Discussion
Intra-carrier guardband with 60 kHz SCS
WID [2] states investigating the feasibility of increasing the number of usable PRBs as one of objectives. From this motivation, first discussion traced back in RAN4#90 and the chairman’s note on [4] captured NR-U SU agreement for 15 and 30 kHz SCS which are the same as Rel-15 NR SU requirements and left further analysis for 20 MHz SU with 60 kHz SCS. The reason of acknowledged and reused the NR SU with 15 and 30 kHz SCS was that SU for those SCS are already higher than LTE which are larger than 91%. The only open issue was for 60 kHz SCS case which had 86.4% SU.
In RAN4#91, two papers [5][6] were discussed but no agreement was made. From the chairman’s note, the first discussion point was whether improving 20 MHz SU with 60 kHz SCS is 25 RBs or 26 RBs. The second point was whether there would be two sets of SU (one for single carrier 20 MHz and the other one for sub-band with 20 MHz BW within a wideband carrier), or not.
In RAN4#92, several papers [7][8][9][10] discussed open issues from RAN4#91. Many papers proposed 25 RB for 20 MHz with 60 kHz SCS. However, there was a view that certain relaxation in emission requirements had to considered to support 25 RB. This was captured in WF [11] and the WF was approved. The WF is copied below for easy reference.

	Way Forward [11]
Spectrum utilization for  single carrier operation of 20MHz case:
· It is agreed to increase the number of PRBs to 25 for 20 MHZ channel bandwidth with 60 kHz SCS with the condition of relaxation on NR-U emission requirements compared with R15 NR.
· UE support of 60 kHz SCS is optional.
· UE supporting 20 MHz CBW with 60 kHz SCS for NR-U also supports 25 PRBs on the NR-U carrier;
· FFS: whether 25 PRBs for NR-U 20 MHz carrier is mandatory without capability or IOT bit is needed. 
Spectrum utilization for wideband carrier (larger than 20MHz CHBW) operation: 
· Spectrum utilization will be revisit when intra-guard bands and number of intra-guards PRBs have been defined.
· Spectrum utilization will be discussed based on emission related agreement.
· This topic will be revisited after concluding requirements and assumption for UE capabilities to support 25 PRBs. 



The WF stated that 25 PRBs support is conditional upon NR-U emission requirements relaxation against Rel-15 NR. Also applicability of 60 kHz SCS was stated as an optional. The sub-bullet of the second main bullet clearly stated UE supporting 20 MHz with 60 kHz SCS in NR-U also supports 25 RBs in NR-U.

Observation #1: It was agreed to increase the number of PRBs to 25 for 20 MHz CBW with 60 kHz SCS with condition of relaxation on NR-U emission requirements compared with Rel-15 NR
Observation #2: UE supports of 60 kHz SCS is optional; and UE supporting 20 MHz CBW with 60 kHz for NR-U also supports 25 PRBs on the NR-U carrier.

In RAN4#94-e, WF [12] was approved where the relaxed [27] dBc ACLR for PC5 was proposed. While the value is now pending on double checking requested by few companies, this was quite stable consensus among participating companies.

Observation #3: WF was approved where the relaxed [27] dBc ACLR for PC5 was proposed.

From the previous discussions above, it is quite clear that supported RB for 20 MHz with 60 kHz is 25 RB upon confirmation of the relaxed 27 dBc ACLR. There was no previous view or agreement that 24 RB is baseline and 25 RB is an optional, rather the WF clearly stated that in case UE supports the optional 60 kHz SCS, then 25 RB is the only option to support 20 MHz BW with 60 kHz. We believe the condition in the WF [11] to support 25 RB is to be met upon agreeing the proposed PC5 ACLR.

Observation #4: The condition to support 25 PRB is met upon aggreging on the relaxed 27 dBc PC5 ACLR.

Coming back to intra carrier guardband issue, based on the WFs [11][12], alt. 2 of the WF [1] where 25 RB for 20 MHz with 60 kHz is logical conclusion upon agreeing the 27 dBc ACLR.
Proposal #1: Adopt alternative 2 for 60 kHz intra carrier guardband 


Rel-16 WI completion without intra-carrier guardband with 60 kHz SCS
As described in the background, the main objective of this investigation was about increasing spectrum utilization with 60 kHz since it is below 90 % which is the target SU NR system design. Leaving the same usable PRB support with 15 kHz and 30 kHz where SU are already over 90 %, RAN4 focused on feasibility of increment PRB with 60 kHz since RAN4#90 (Feb. 2019). It took six months for RAN4 to conclude that 25 PRB with 60 kHz is feasible and there were many contributions from different companies. Since PRB increasement with 60 kHz SCS is one of major aspects where WID intended to address, it is quite straightforward that intra-carrier guardband with 60 kHz SCS should be the part of Rel-16 WI completion criteria.
Observation #5: One of main objectives of NR-U WID is investigation of feasibility of increased PRB support with 60 kHz SCS.
Observation #6: RAN4 invested significant times and resources, i.e., four RAN4 meetings or six months, to conclude that 25 PRB is feasible.
Observation #7: PRB increasement with 60 kHz SCS is one of major aspects where WID intended to address, it is quite straightforward that intra-carrier guardband with 60 kHz SCS should be the part of Rel-16 WI completion criteria.
Summary
In this contribution, we made the following proposal:
Proposal #1: Adopt alternative 2 for 60 kHz intra carrier guardband 

And the following observations:
Observation #1: It was agreed to increase the number of PRBs to 25 for 20 MHz CBW with 60 kHz SCS with condition of relaxation on NR-U emission requirements compared with Rel-15 NR
Observation #2: UE supports of 60 kHz SCS is optional; and UE supporting 20 MHz CBW with 60 kHz for NR-U also supports 25 PRBs on the NR-U carrier.
Observation #3: WF was approved where the relaxed [27] dBc ACLR for PC5 was proposed.
Observation #4: The condition to support 25 PRB is met upon aggreging on the relaxed 27 dBc PC5 ACLR.
Observation #5: One of main objectives of NR-U WID is investigation of feasibility of increased PRB support with 60 kHz SCS.
Observation #6: RAN4 invested significant times and resources, i.e., four RAN4 meetings or six months, to conclude that 25 PRB is feasible.
Observation #7: PRB increasement with 60 kHz SCS is one of major aspects where WID intended to address, it is quite straightforward that intra-carrier guardband with 60 kHz SCS should be the part of Rel-16 WI completion criteria.
Reference
[1] R4-1916160, “WF on Guardbands for NR-U”, Nokia, RAN4#93
[2] RP-182878, “New WID on NR-based access to unlicensed spectrum”, Qualcomm, RAN#82
[3] R4-1900662, “Spectrum utilization improvement in unlicensed bands”, Huawei, RAN4#90
[4] R4-1901336, “Discussion on increasing of RPBs number for NR-U”, Nokia, RAN4#90
[5] R4-1905481, “Spectrum utilization improvement in unlicensed bands”, Huawei, RAN4#91
[6] R4-1906013, “Spectrum utilization for NR-U”, Nokia, RAN4#91
[7] R4-1908847, “On NR-U SU for single CC and wideband operation”, Skyworks, RAN4#92
[8] R4-1908073, “Spectrum utilization for NR-U”, Samsung, RAN4#92
[9] R4-1909005, “Increasing of spectrum utilization for NR-U”, Nokia, RAN4#92
[10] R4-1909200, “Spectrum utilization improvement in unlicensed bands”, Huawei, RAN4#92
[11] R4-1910537, “WF on spectrum utilization for NR-U”, Nokia, RAN4#92
[12] R4-2002753, “WF on remaining UE Tx requirements for NR-U”, RAN4#94-e
[13] R4-2005689, “[94e Bis][6] NR_unlic_SysParameters_2nd_round_summary_rev01”, RAN4#94bis-e


