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1	Introduction
In the USA the FCC had released new rules and auctioned the frequency range 3700 - 3980 MHz [1] in 2020, and RAN4 enabled usage of n77 for 3700 - 3980 MHz by introducing the corresponding requirements and restriction on band n77 operation in the US into the RF specifications (as Rel-16 changes). In 2021 the FCC has released new rules [2] for the frequency range 3450 - 3550 MHz, which is also covered by n77.
This contribution reviews the background of the related discussions in RAN2 and RAN4, as 3GPP has worked on devising a solution to adapt the specification to changing US regulation associated with the frequency range of band n77.  This contribution also proposes to approve the package of endorsed CRs from RAN2 and RAN4 in order to conclude this topic and to enable the utilization of the relevant spectrum in the US within band n77.
2	Discussion
During the RAN4 #98bis meeting a concern was raised with legacy UEs operating in the US band n77 in the context of both sets of FCC rules [4] and encouraged companies to propose a solution for how the network can distinguish devices supporting the new frequency range or not within the same release.  Following discussions of this topics during the RAN4 #98bis meeting, the following WF was agreed [5]:
	-	No UE SEM modification is needed for adding 3.45 – 3.55 GHz in US Band n77.
-	No modification to UE coexistence bands is needed for adding 3.45 – 3.55 GHz in US Band n77.
-	Note 12 in Table 5.2-1 in TS 38.101-1 is modified to cover the support of 3.45 – 3.55GHz range. One of these notes is chosen in next meeting.
-	 “In the USA the Band n77 usage is restricted to outside the Band n48 frequency range.” 
-	 “In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz” 
-	Changes (in emission limits) are needed in BS specifications to enable US 3.45 – 3.55 GHz in Band n77.    
-	UE and BS CRs will be treated together as a single package.
-	Aim to conclude the support of US 3.45 – 3.55GHz range in Band n77 in next RAN4 meeting.                  
-	For further investigation
-	The issue on how the network can distinguish devices supporting the new frequency or not within the same release



Our contribution submitted to the RAN4 #99e meeting described a potential problem with simply specifying the allowed frequency range for the use of band n77 in the US without creating a method for the network to identify and distinguish UEs which support the 3700 - 3980 MHz, which was introduced more than 1 year ago, and UEs which support both the 3700 - 3890 MHz and the 3450 - 3550 MHz ranges [7], which would follow the new ruling.
Due to high demand of 3.5 GHz spectrum in the US, enabling the use of the new frequency range within band n77 as quickly as possible is a priority for the entire cellular ecosystem. Thus, it is preferred to find a solution for the legacy UE issue within Rel-16 scope, if possible. A potential change of the Rel-16 specification to allow both sub-ranges in n77 for US operation would create two different network types and also two different types of Rel-16 devices: one type (legacy or Type 1) which could not support 3450 - 3550 MHz operation, and another (Type 2) which does.  Figure 1 below illustrates these possibilities, where sub-range A denotes the 3700 - 3980 MHz range, and sub-range B denotes the 3450 - 3550 MHz range.
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Figure 1: Network and device types in band n77 operation
The potential for the existence of two types of UEs is based on our understanding of the FCC type approval process:  devices obtain FCC type approval based on regulatory compliance testing prior to the launch of the device, since the FCC has strict rules in place to prevent any emissions in the US which do not comply to FCC rules and regulations. Furthermore, it is also our understanding that no process exists which allows devices to obtain type approval for an additional frequency range after device launch.  In addition, even if such a process did exist, it is impossible for 3GPP to know whether all Type 1 UEs can all update their software to implement the new note and also to undergo such a procedure to “become” Type 2 UEs; therefore, it is our understanding that the legacy UE issue is impossible to resolve by any means outside of 3GPP specification scope.
Although RAN4, during the RAN4 #99e meeting, converged on handling the emission limits for base stations, no conclusion was reached related to the UE requirements and how to handle the above issue.
During the RAN #92e meeting this issue was discussed in one of the email threads with the following agreements captured in the email discussion summary [8]:
	1. RAN4 focuses on the necessary updates to RAN4 requirements and leave signaling work, if any, to RAN2.
2. RAN2 focuses on signaling aspects, with an aim to ensure the network can properly deal with legacy n77 UEs that do not support 3.45-3.55 GHz operation in US
3. RAN tasks RAN4/2 to complete the required work in Aug. and report back to RAN#93-e
4. RAN4 chair is kindly asked to use an appropriate agenda to facilitate the work in Aug. meeting, i.e., R16 maintenance, R16 TEI, etc.



Thus, the August RAN WG meeting cycle spawned discussions in both RAN2 and RAN4 on this topic.  The RAN2 discussion is well captured in the chair's minutes [9]:
	Extended band n77
Treat on-line first

[AT115-e][029][NR16] n77 (Nokia)
	Scope: Await on-line. Take on-line outcome into account. Determine agreeable parts and agree CRs, Treat R2-2107935 – 7947, R2-2108287, R2-2108756, R2-2108332
	Intended outcome: Report (identify acceptable solutions at least for CB), Agreed CRs (in the end)
	Deadline: Await on-line, Schedule 1 (CB on-line for decision)

R2-2107935	Inter-operability of band n77 extension in US	Nokia, Nokia Shanghai Bell	discussion	Rel-16	NR_RF_FR1-Core
-	Nokia think all papers propose to add signalling, which was an issue in the initial approach. 
-	TMO US think there need to be differentiation legacy new, and a solution is needed now regardless signalling or not. 
-	Huawei think if we use new band indicator and then we need no new signalling. Nokia think that if we go this way, all impact is in R4. Intel think that introduction of a new band has not been considered in R4 and we should follow that. Apple agrees.
-	Apple think signalling is indeed needed. 
-	QC think this is urgent, and may not be able to agree on a “clean” solution, e.g. solutions using MPR signalling is not clear but require no ASN.1 change. Apple also prefer MPR. 
-	AT&T support per UE capability. 
-	Ericsson think that foreign UE (non US) will camp on the DoD band but they cannot connect as they cannot indicate capability, so a new band would be preferable. Apple think UEs shall comply to regulation. 
-	Oppo doesn’t understand why R4 didn’t introduce a new band. 
Will have signalling for this (new or reused)

W2 Tuesday On-Line CB
DISCUSSION
-	A new cap signalling + new NS value
-	B new frequency band replace n77 in the US including the DoD part. 

-	Huawei has preference for B. Huawei think that A doesn't cover all cases. 
-	TMO could accept any of these. Think there are CRs in R4 that resolves this. Just want a solution by RP. For A it need to be resolved what the new bit means and whether it refers to R4 TS. 
-	Apple don’t like the B approach, but agrees that with A there is also some R4 impact. Apple thikn that as soon as there is a change we cannot add new bands. Prefer A. QC agrees with Apple. Are concerned about the increased no of bands, think A resolves all the issues. AT&T agrees with Apple and QC, think this situation may occur again. 
-	Oppo think that for NS value there is questions on access in Idle, not celar whether legacy UEs need to be prevented access. If not, then A is the cleanset solution. 
-	Nokia think R4 doesn’t support new bands. Nokia think that the issue stems from a mistake in R4 so this isn’t a template for the future, just a specific case. TMO agrees. 
-	MTK are ok with either, somewhat prefer B. 
-	QC think NS value is specified by R4. 
-	Chair think we can have the two options open: 
-	TMO think R2 need to inform R4 that barring is required. 
-	KDDI think we have similar discussion in the past and then we introduced new band. Will we have the same discussion in the future? Nokia think it is difficult to know, can raise this. Apple think we can raise this even in the LS. 
-	Ericsson think the UE cap size is not relevant, the network will just request UE cap for one of the bands. Apple don’t agree with this. Nokia as well. 
-	TMO think we need to indicate differentiation legacy / new UEs. 
-	Intel wonder for the new NS value, what is the proponents understanding why we need it. Nokia think it is to differentiate legacy and new UEs. Intel wonder if this is needed if RF requirements are the same. 
-	QC think RF requirements are the same but we want to avoid acces by legacy UEs. 
-	Huawei think this solution with NS value need to be checked by R4. 

Shall have techncially endorsed CRs for A
LS out (to R4 and RP) where R2 indicates both solutions A and B above and indicate that barring is required (with A), explain differentiation legacy / new UEs, attach endorsed CRs (for A). Solutions need to be described to sufficient level. Can include some text on future changes if agreeable. 

R2-2109186 	[Draft] LS on inter-operability of band n77 extension in US     Nokia   LS out  Rel-16  NR_RF_FR1-Core  To:RAN4, RAN
[029] The LS is approved in R2-2109223
...
R2-2109182	Distinguishing support of extended band n77     Nokia, Nokia Shanghai Bell      CR      Rel-16  36.306  16.5.0  1820    1       C       NR_RF_FR1-Core  R2-2107936
R2-2109183	Distinguishing support of extended band n77     Nokia, Nokia Shanghai Bell      CR      Rel-16  36.331  16.5.0  4702    1       C       NR_RF_FR1-Core  R2-2107937
R2-2109184	Distinguishing support of extended band n77     Nokia, Nokia Shanghai Bell      CR      Rel-16  38.306  16.5.0  0615    1       C       NR_RF_FR1-Core  R2-2107938
R2-2109185	Distinguishing support of extended band n77     Nokia, Nokia Shanghai Bell      CR      Rel-16  38.331  16.5.0  2747    1       C       NR_RF_FR1-Core  R2-2107939 
[029] The CRs in R2-2109182, R2-2109183, R2-2109184 and R2-2109185 are technically endorsed (for RP). 



In accordance with this decision, RAN2 endorsed CRs to 36.306 [10], 36.331 [11], 38.306 [12], and 38.331 [13].  These CRs implement "Solution A," where a UE capability is introduced both into the E-UTRA and NR RRC specifications, respectively.  The LS approved by RAN2 provides the following explanation [14]:
	1. Overall Description:
As RAN#92e requested, RAN2 has discussed the topic of ensuring network can properly deal with legacy n77 UEs that do not support 3.45-3.55 GHz (referred to as "DoD band") operation in US.
RAN2 has concluded that signalling is needed to distinguish which UEs support the n77 extensions in the US from Rel-16 onwards (with early implementation allowed from Rel-15 onwards). Two solutions have been discussed:
A. Defining a new per UE capability bit (for both LTE and NR RRC) to distinguish the UE support (for both EN-DC and NR CA/DC cases) for the band n77 extension in the US (which also assumes that the band n77 extension, for DoD Band,  is defined in RAN4 specification TS38.101-1). RAN2 has agreed that UE’s that don’t support the DoD band need to be barred from accessing the DoD band in the US. RAN2 thinks that a new NS-value can be defined to prevent legacy UEs supporting n77 from camping on the DoD bands and as legacy UEs cannot identify the new value, the UE would not camp on that cell.
B. Defining a new frequency band for n77, including both the 3450-3550 MHz and 3700-3890 MHz frequency ranges.
RAN2 has endorsed LTE and NR CRs for the solution A (see attachments) but defining new NS value requires RAN4 specification modifications. RAN2 would also note that the CRs refer to RAN4 specification TS38.101-1 for their definition of the extended band n77, so would like to request that RAN4 ensures the definition is clear and doesn't change afterwards.
Solution B has no impact RAN2 specifications, but needs modifications to RAN4 specifications. 
RAN2 respectfully asks RAN4 and RAN to take the RAN2 feedback into account. 
2. Actions:
To RAN4 and RAN groups.
ACTION: 	RAN2 respectfully asks RAN4 and RAN to take the RAN2 feedback into account  



In parallel, RAN4 addressed the remaining issues with UE and BS requirements with the following agreements as the outcome [16]:
	-	Issue 1.5-1: How to enable network to differentiate UE supporting the new frequency range or not? 
-	Proposal 1: RAN4 to tell RAN2 that the majority of companies in RAN4 favor new signalling instead of new band Round 2 discussions.
-	Issue 1.5-2: How to modify NOTE 12 in Table 5.2-1 in TS 38.101-1 to include the support of 3.45 – 3.55 GHz in addition to 3.7 – 3.98 GHz in US Band n77?
-	Proposal 2: Option 1 is chosen because it received the most support in Round 2 discussions.
-	Option 1: “In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz”
-	Proposal 3: MediaTek to update the CR in R4-2112049



RAN4 endorsed the BS CRs in [17] and [18] as well as the UE RF requirement CR in [19].  The UE RF CR contains only the following changes to the note related to band n77 operation in the US without any other changes of the UE RF specification:
	NOTE 12:	In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz.




Here we note that RAN2 agreed that a "new NS-value can be defined to prevent legacy UEs supporting n77 from camping on the DoD bands," while RAN4 did not agree to introduce the NS in their endorsed CRs.  We first examine the history of band n77 in the context of US operation.  The band was originally introduced in Rel-15 NR together with the original package of NR bands.  At the time of the band’s introduction, US regulation did not allow any operation in the frequency range from 3.3 – 4.2 GHz, except the range of 3.55 – 3.7 GHz, which at the time was specified as the LTE Band 48.  In April 2020 discussions commenced to introduce the 3.7 – 3.98 GHz range to the Rel-16 specification, and the corresponding CR was agreed in May 2020 [6].  This CR not only introduced the note on the restricted frequency range of operation in the US but also the corresponding UE coexistence requirements.  Assuming RAN4 concludes the above discussion and agrees to introduce the frequency range of 3.45- 3.55 GHz to band n77 operation in the US, a UE can potentially support three different versions of band n77 requirements.  Since a UE of an earlier release can, in principle, support a band introduced in a later release, we can have the following possibilities:
-	Rel-15 UE implementing the Rel-15 version of band n77 => this UE is not allowed to operate in the US band n77
-	Rel-15 UE implementing the Rel-16 (May 2020) version of band n77 => this is the “legacy UE” described in our paper
-	Rel-15 UE implementing the Rel-16 (May 2021) version of band n77 => this is the UE which supports both sub-ranges of band n77
Because the FCC manages type approval of UEs in the US market, the scenario of a UE which implements the Rel-15 version of band n77 attempting to camp on a US band n77 cell is not valid, since such a UE can read the mobile country code from the broadcast system information (which occurs before any transmission can take place) and determine that it is not authorized to operate in the US.  Based on this understanding, we do not observe a contradiction in the RAN2 and RAN4 endorsed CRs and propose that RAN approve them in order to finalize the specifications related to the use of band n77 in the US.
Observation 1: Because the FCC manages type approval of UEs in the US market, the scenario of a UE which implements the Rel-15 version of band n77 attempting to camp on a US band n77 cell is not valid, since such a UE can read the mobile country code from the broadcast system information (which occurs before any transmission can take place) and determine that it is not authorized to operate in the US.  
We also would like to note that UEs which have not been implemented to comply with the US FCC regulations (if such UEs exist), would not know about the new NS value and so this approach would not prevent these type of UE to camp on even the current 3.7-3.98 GHz spectrum. So even from this angle, the NS value approach would not fully resolve the problem it is trying to address. 
Observation 2: NS value based approach does not prevent legacy UEs which have not implemented the US FCC regulations (if such UEs exist) from camping on the current 3.7-3.98 GHz spectrum. So this approach does not fully resolve the problem NS approach is trying to address.
Based on the arguments made, we propose the below:
Proposal 1:	RAN should approve the RAN2 and RAN4 endorsed CRs in order to finalize the specifications related to the use of band n77 in the US.
3	Conclusions
In this contribution we review the background of the discussions related to the use of band n77 in the US, as discussed in RAN2 and RAN4, and draw the following conclusion: 
Proposal 1:	RAN should approve the RAN2 and RAN4 endorsed CRs in order to finalize the specifications related to the use of band n77 in the US.
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