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 Introduction
According to the outcome of the study item on supporting NR above 52.6 GHz [1], in 3GPP RAN #91 plenary e-meeting in March 2021, an update WID [2] was approved to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. 
[bookmark: _Hlk58594589]It is noted in the approved WID that RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6~71 GHz or the existing FR2 shall be extended to cover frequency range from 52.6~71 GHz. However, although RAN plenary discussed this issue in RAN #91 plenary e-meeting, it did not make a final decision. The conclusion is to postpone the final decision to the next plenary meeting and request to the WGs' analysis and input, as copied below. In the last RAN1 e-meeting in April, no progress was made although the issue was discussed. In this contribution, we present some initial understandings from RAN1 perspective. 
Conclusion: RAN1, RAN2 and RAN4 are asked to provide its analysis or recommendation to RAN#92e (June 21) on how to introduce the 52.6-71GHz frequency range
 Discussion on frequency range definition
The frequency range of the existing FR2 defined in TS 38.101-2 is from 24.25 GHz to 52.6 GHz. For defining frequency range of 52.6-71 GHz, there are four alternatives as show in Figure 1.
· Alt 1: Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR3 for 52.6-71 GHz;
· Alt 2: Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR2x for 52.6-71 GHz;
· Alt 3: Maintain the existing FR2 for 24.25~52.6 GHz, introduce FR2x for 52.6-71 GHz and FR2-e for 24.25~71 GHz;
· Alt 4: Extend the exiting FR2 to cover 24.25~71 GHz, and introduce FR2a for 24.25~52.6GHz and FR2b for 52.6-71GHz. The extended FR2 comprises FR2a and FR2b.
[image: ]
Figure 1: Three alternatives for defining the 52.6~71GHz frequency range
In Table 1, we analyze the impacts of the above four different frequency definitions for 52.6-71 GHz on the issues in RAN1 specifications.
Table 1: The impacts on RAN1 specifications by different frequency range definitions
	FR related issues  in RAN1 specs
	Explanation for 
the issues
	Alt 1/2 spec impacts
	Alt 3 spec impacts
	Alt 4 spec impacts

	Transition time  and 
	For the existing FR2, 
-   =13792.
-   =13792.

For 52.6~71GHz,
-    FFS and decided by RAN4
	Add the values for FR3/FR2x
	Add the values for FR2x or replace FR2 with FR2-e
	If same values are supported for FR2a and FR2b, there is no spec impacts.

Otherwise, specify FR2a and FR2b respectively.

	offsetToPointA
	For the existing FR2, it is expressed in units of resource blocks assuming 60kHz SCS.

For 52.6~71GHz, no need to change 60 kHz reference SCS.
	Add the description for FR3/FR2x
	Add the description for FR2x or replace FR2 with FR2-e
	No spec impacts.


	
Sub-carrier level offset 
	
For the existing FR2, SSB type B is defined,   and



For 52.6~71GHz,
-  SSB type C may be need to be defined


-  FFS for  and 
	

Define and   for new SSB type. (e.g. SSB type C).


Clarify the relationship between the range of  and the existence of CORESET0 for FR3/FR2x
	

Define and   for new SSB type. (e.g. SSB type C).


Clarify the relationship between the range of  and the existence of CORESET0 for FR2x
	

Define and   for new SSB type. (e.g. SSB type C).

Whether there are spec impacts depends on whether FR2a and FR2b can share the same design

	SSB pattern in a half frame
	For 52.6~71GHz,
-  120kHz is supported;
-  FFS for 240/480/960 kHz SCS
	(New) SSB pattern cases with (new) SCSs need to be defined for FR3/FR2x
	(New) SSB pattern cases with (new) SCSs need to be defined for FR2x
	(New) SSB pattern cases with (new) SCSs need to be defined for FR2b.

Whether Case D/E can be reused for extended FR2 depends on whether FR2a and FR2b can share the same design. 

	PRACH
	For 52.6~71GHz, sequence lengths, SCSs and random access configurations may need to be enhanced
	Specify sequence lengths, SCSs and random access configurations supported by FR3/FR2x
	Specify sequence lengths, SCSs and random access configurations supported by FR2x
	Specify sequence lengths, SCSs and random access configurations supported by FR2a (instead of FR2) and FR2b respectively

	UL power control
	A lot of power related parameters are defined for the exiting FR2.
It seems that there is no need to enhance UL PC for above 52.6GHz.
	Add the description and update the parameters for FR3/FR2x
	Replace FR2 with FR2-e
	No spec impacts.


	Reference SCS configuration
	For the existing FR2,
a reference SCS configuration , or , or , or  is either 2 or 3. 
For 52.6~71GHz,
new reference SCSs will be introduced.
	Specify  new reference SCS configuration  for FR3/FR2x
	Specify new reference SCS configuration  for FR2x
	Specify reference SCS configurations for FR2a (instead of FR2) and FR2b respectively.

	BWP
	It seems that the existing FR2 mentioned in BWP in RAN1 specs does not need to be enhanced for above 52.6GHz
	Add the description for FR3/FR2x
	Replace FR2 with FR2-e
	No spec impacts


	UE procedure for monitoring Type0-PDCCH CSS sets

	For 52.6~71GHz,
parameters table of Type0-PDCCH CSS set for  SS/PBCH block and CORESET multiplexing pattern may need to be defined.
	Specify parameters table of Type0-PDCCH CSS set for FR3/FR2x
	Specify parameters table of Type0-PDCCH CSS set for FR2x, or replace FR2 with FR2-e
	Specify parameters table of Type0-PDCCH CSS set for FR2a (instead of FR2) and FR2b respectively.

	PHY UE capabilities
	A lot of UE capabilities support different functionalities between FR1 and current FR2. 

A lot of UE capabilities were intended for only current FR2.

For 52.6~71GHz, at least UE capabilities related to supported carrier aggregation, supported BW,  timeline threshold, etc. should be newly specified.

	May need to add “FR1-FR2-FR3/FR2x
DIFF”, “FR2-FR3/FR2x only”, “FR3/FR2x only”, etc. 

Specify UE capabilities for FR3/FR2x if FR3/FR2x and FR2 have different  functionalities or values

	May need to add “FR1-FR2-FR2x
DIFF”, “FR2-e only”, “FR2x only”, etc. 

Specify UE capabilities for FR2x if FR2x and FR2 have different  functionalities or values

	May need to add “FR1-FR2a DIFF”, “FR2a only”, “FR2b only”, etc. 

Specify UE capabilities for FR2a and FR2b if they have different  functionalities or values 


	Other new features that may be introduced by licensed & unlicensed operation in above 52.6 GHz
	For 52.6~71GHz,
Some new features e.g. multi-slot PDCCH monitoring, QCL assumption and timing for multi-PDSCH/ PUSCH scheduling, may be introduced in Fel-17 NR
	No need to explicitly describe the frequency range in RAN1 specs.

No spec impacts

	No need to explicitly describe the frequency range in RAN1 specs.

No spec impacts

	No need to explicitly describe the frequency range in RAN1 specs.

No spec impacts


	New features that may be introduced by unlicensed operation in above 52.6 GHz
	For unlicensed operation in above 52.6GHz, some new features e.g. discovery burst, discovery burst transmission window, etc., may be introduced in Rel-17 NR
	No need to explicitly describe the frequency range in RAN1 specs.

No spec impacts

	No need to explicitly describe the frequency range in RAN1 specs.

No spec impacts

	No need to explicitly describe the frequency range in RAN1 specs.

No spec impacts





According to the analysis in Table 1, we can find the following observations.
· If the features of 52.6~71 GHz are the same as the existing FR2, extending the existing FR2 to cover the new frequency range from 52.6~71 GHz has the least impact on RAN1 specs.
· However, due to not all features designed for 52.6-71 GHz are the same as the existing FR2, e.g. PRACH and reference SCSs, thus a new notation, e.g. FR3/FR2x/FR2b, is needed for defining the frequency range from 52.6~71 GHz to distinguish the existing FR2 and 52.6~71 GHz.
· Alt 1 and Alt 2 have the same impacts on RAN1 specs, which are simple and clear mainly brought by adding new words/sentences/sub-clauses for FR3/FR2x. But Alt 1/2 will cause some text redundancy in the RAN1 specs.
· For Alt 3, if FR2 and FR2x have same designs, the current FR2 in RAN1 specs could be replaced by term FR2-e. Otherwise, new values / descriptions for FR2x should be specified.
· For Alt 4, whether there are RAN1 spec impacts depends on whether FR2a and FR2b can share the same designs. If same designs are supported for FR2a and FR2b, there is no RAN1 spec impacts. Otherwise, specify FR2a (instead of FR2) and FR2b respectively. However, it should be noted that even though there is little RAN1 spec impacts if most designs are the same for FR2a and FR2b, it requires modification of all current specs to replace current FR2 with FR2a if FR2b and FR2a have different features. 
· In fact, no matter which alternative is adopted, the impact on RAN1 specs is relatively small (as summarized in Table 2). Therefore, we think RAN plenary should mainly refer to RAN4's analysis/conclusion to make the final decision.
Table 2: Comparison between four alternatives
	Schemes
	RAN1 spec impacts

	Alt 1:  Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR3 for 52.6-71 GHz
	Alt 1 and Alt 2 have the same impacts on RAN1 specs.

FR3/FR2x for defining 52.6-71GHz need to be specifically described in all parts involving the frequency range in RAN1 specs, e.g. transition time of RX/TX, Point A, k_ssb, SSB pattern, PRACH, UL PC, reference SCS configuration, BWP, etc., as analyzed in Table 1.

	Alt 2:   Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR2x for 52.6-71 GHz
	

	Alt 3:  Maintain the existing FR2 for 24.25~52.6 GHz, introduce FR2x for 52.6-71 GHz and FR2-e for 24.25~71 GHz
	If FR2 and FR2x have same designs, the current FR2 in RAN1 specs could be replaced by term FR2-e. Otherwise, new values / descriptions for FR2x should be specified in RAN1 specs.

	

Alt 4:   Extend the exiting FR2 to cover 24.25~71 GHz, and introduce FR2a for 24.25~52.6GHz and FR2b for 52.6-71GHz. 

	Whether there are spec impacts depends on whether FR2a and FR2b can share the same designs. If same designs are supported for FR2a and FR2b, there is no RAN1 spec impacts. Otherwise, specify FR2a and FR2b respectively. Some examples are given below.
· At least in Point A, UL PC, and BWP in RAN1 specs, the description of FR2 can be reused for 52.6-71GHz. 
· For PRACH and reference SCS configuration, some features of them should be specified for FR2a (instead of FR2) and FR2b respectively. 
· For transition time of RX/TX, k_ssb, and SSB pattern, whether the description of FR2 can be reused depends on Rel-17 final decision (i.e. if FR2a and FR2b can share the same design).



Observation 1: There are four options for defining the frequency range of 52.6-71 GHz. Among the options below, the impact on RAN1 specs is relatively small no matter which option is adopted.
· Alt 1: Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR3 for 52.6-71 GHz;
· Alt 2: Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR2x for 52.6-71 GHz;
· Alt 3: Maintain the existing FR2 for 24.25~52.6 GHz, introduce FR2x for 52.6-71 GHz and FR2-e for 24.25~71 GHz;
· Alt 4: Extend the exiting FR2 to cover 24.25~71 GHz, and introduce FR2a for 24.25~52.6GHz and FR2b for 52.6-71GHz. The extended FR2 comprises FR2a and FR2b.
Proposal 1: RAN1 can adapt to other groups decision on FRx notation for 52-71 GHz. No critical dependency in RAN1.
 Conclusion
In this contribution, we discuss frequency range definition for 52.6GHz~71GHz band and have the following observation and proposal.
Observation 1: There are four options for defining the frequency range of 52.6-71 GHz. Among the options below, the impact on RAN1 specs is relatively small no matter which option is adopted.
· Alt 1: Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR3 for 52.6-71 GHz;
· Alt 2: Maintain the existing FR2 for 24.25~52.6 GHz, and introduce FR2x for 52.6-71 GHz;
· Alt 3: Maintain the existing FR2 for 24.25~52.6 GHz, introduce FR2x for 52.6-71 GHz and FR2-e for 24.25~71 GHz;
· Alt 4: Extend the exiting FR2 to cover 24.25~71 GHz, and introduce FR2a for 24.25~52.6GHz and FR2b for 52.6-71GHz. The extended FR2 comprises FR2a and FR2b.
[bookmark: _GoBack]Proposal 1: RAN1 can adapt to other groups decision on FRx notation for 52-71 GHz. No critical dependency in RAN1.
 Reference
[1] RP-193259, New SID: Study on supporting NR from 52.6GHz to 71GHz. Intel, Sitges, Spain, RAN#86, December 9 – 12, 2019 
[2] RP-210862, Revised WID: Extending current NR operation to 71 GHz, CMCC, 3GPP TSG RAN Meeting #91-e, 16 - 26 March 2021
[3] Draft_MeetingReport_RAN_91e_210330_eom.
1

6

oleObject1.bin

image3.wmf
{

}

3,4

Î

m


oleObject2.bin

image4.wmf
{

}

11

 

...,

 

2,

 

1,

 

0,

SSB

Î

k


oleObject3.bin

image5.wmf
m


oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

image1.png
FR3

FR2

frequency

1GHz

71

GHz

GHz

FR2x

FR2

2
S
&
=

)

““““ &

=

g

-]

5

i

L
S
&
=





image2.wmf
SSB

k


