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1	Introduction 
In the USA the FCC has released new rules and auctioned the frequency range 3700-3980MHz [1] last year. RAN4 has discussed this and enabled usage of n77 for 3.7-3.98GHz by introducing this into the specs. This year again the FCC has released new rules [2] for the frequency range 3450-3550MHz, which is also covered by n77.
During the RAN4 #98bis meeting we raised a concern 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 how the network can distinguish devices supporting the new frequency range or not within the same release. In the event that no solution is found, our proposal is to specify the new frequency range from Rel-17 onwards.
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



This paper addresses the two remaining open issues related to the note in the band definition and the legacy UE issue.
2	Discussion
We recall from the WF [4] that two options are considered for the proposed note to the band n77 definition:
Option 1:	 “In the USA the Band n77 usage is restricted to outside the Band n48 frequency range.” 
Option 2:	 “In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz.” 
From the perspective of enabling band n77 in the new frequency range for US operation, both options allow such operation.  Thus, the only distinction between these options is whether an explicit statement of the allowed frequency range of operation (Option 2) is more valuable than an implicit allowance of any frequency within band n77 and outside of band n48 (Option 1).  Because RAN4 has recognized that, in principle, issues with legacy UEs can appear if regulatory requirements associated with a frequency range evolve over time (especially if such changes are within a single release time frame), then Option 2 is an approach which carries much less risk than Option 1.  Furthermore, Option 1 might not be strictly aligned with US regulation, since the FCC does not allow UE emissions on any frequency within the n77 band range and excluding the n48 range:  in the US the FCC has only licensed the range from 3.7 – 3.98 GHz and plans to license the range from 3.45 – 3.55.  Thus, other frequency ranges (e.g. 3.3 – 3.45 GHz; 3.98 – 4.2 GHz) within band n77 are also not allowed by US regulation.
Proposal 1:	RAN4 shall adopt the band n77 note to read “In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz.”
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. As we highlighted in our contribution last meeting [4], 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 3.45-3.55 GHz operation, and another (Type 2) which does.  Figure 1 below illustrates these possibilities, where sub-range A denotes the 3.7-3.98 GHz range, and sub-range B denotes the 3.45-3.55 GHz 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.
Proposal 2:	The legacy UE issue identified last meeting is not possible to resolve outside of 3GPP scope.
With these network and device types, we can envision the following potential configuration flows:
Case 1:	UE Type 1 or 2 connects to Network Type 1
-	Initial access possible in sub-range A only (for both UE types)
-	Handover to n77 possible in sub-range A only (for both UE types)
-	SCell/PsCell activation within n77 is possible in sub-range A only (for both UE types)
Case 2:	UE Type 1 connects to Network Type 2
-	Initial access possible in sub-range A only
-	Network can initiate handover to n77 in both sub-ranges A & B, but the network cannot know that this is a Type 1 UE, and handover to sub-range B fails with an unknown error condition to the network
-	Network can initiate SCell/PsCell activation within n77 in both sub-ranges A & B, but the network cannot know that this is a Type 1 UE, and the carrier activation procedure within sub-range B fails with an unknown error condition to the network
Case 3:	UE Type 2 connects to Network Type 2
-	Initial access possible in both sub-ranges A & B
-	Handover to n77 possible in both sub-ranges A & B
-	SCell/PsCell activation within n77 is possible in both sub-ranges A & B
Thus, the primary goal of the potential solution is to allow the network to distinguish the two UE types in order to avoid the error conditions in handover and SCell/PsCell activation of the Type 1 UE in the Type 2 network.
Observation 1:	The goal of the potential solution to the legacy UE issue is to allow the network to distinguish the two UE types in order to avoid the error conditions in handover and SCell/PsCell activiation of the Type 1 UE in the a Type 2 network.
Before proposing our solution, it is useful to review the relevant background in network signaling.  3GPP uses the concept of network signaling (NS) values to indicate to the UE which regional regulatory requirements apply to all UEs camped on a cell.  NS values (8-bit bitmap per band) are broadcast to all UEs in a cell via the system information block (SIB).  The UE RF specification defines additional requirements which become applicable based on NS values.  The UE is allowed to camp on a cell only if it supports both the band and at least one of the applicable NS values.  Figure 2 below provides the relevant excerpts from TS38.331.
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Figure 2: NS value signaling design
However, NS values only allow the network to indicate to all UEs which requirements are applicable to comply with regulation, and there exists only the mechanism of not allowing the UE to camp on a cell if it does not support a certain NS flag.
3GPP has also introduced the concept of modified MPR behavior to the specification.  For EN-DC configurations within band 41/n41 new bits were defined to specify which A-MPR requirements are applicable to a UE according to its MPR capability.  This signaling was further expanded to EN-DC configurations within band 71/n71.  Furthermore, in the FR2 specification, modified MPR behavior is used to distinguish the applicability of different A-MPR requirements to different UE types in bands n257, n258, n260, and n261.  Figure 3 below illustrates the modified MPR behavior requirements (from TS38.101-1 and TS38.101-2) and the associated signaling design (from TS38.331).
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Figure 3: Modified MPR behavior signaling design
To summarize this background overview, we can find an excellent example of regional and global regulation changing for bands which are already specified in 3GPP.  The WRC-19 outcome and impact on band n258 requirements (and other FR2 bands) was resolved using a combination of NS values and modified MPR signaling.  This has introduced a robust specification-based approach for the network to correctly distinguish UE types based on which version of the regulation they support and to efficiently allocate UL resources to all UE types.  When we consider the legacy issue related to the introduction of the 3.45-3.55 GHz range to band n77, we observe that the situation is very similar to the one already solved in FR2 following the WRC-19 outcome.
Observation 2:	If regulatory requirements for a band change within a release, then there is no signaling mechanism available for the UE to indicate that it can comply with a certain subset of the regulation and, consequently, a subset of the 3GPP conformance requirements.
Based on Observation 2, our understanding is that a mechanism is needed for the UE to make such information known to the network in order to avoid failures in UE configuration (such as handover or SCell/PsCell activation).
Proposal 3:	3GPP shall introduce a method for the specification to phase in regional regulatory changes associated with a 3GPP band and for UEs to indicate to the network with which regulation the UE is in compliance.
One solution to address Proposal 3 is the following (Solution 1):
-	Define one modifiedMPR bit corresponding to band n77, such that if the UE sets the bit, then it implies that the UE supports the new sub-range 3.45-3.55 GHz, and if the UE does not set the bit, then it implies that the UE does not support the new sub-range (i.e. it only supports 3.7-3.98 GHz).
It is useful to note here that the meaning of UE supporting a particular frequency range in the US implies both that the UE supports the corresponding band (i.e. n77), and the UE has received FCC type approval in the particular frequency range.
Another possible solution, with a more explicit relationship to MPR, to address Proposal 3 is the following (Solution 2):
-	Both Type 1 and Type 2 networks shall signal NS_01 in band n77, thereby indicating to Type 1 UEs that the networks supports the already allowed 3.7-3.98 GHz range.
-	Define a new NS flag NS_X corresponding to the sub-range 3.45-3.55 GHz.  The Type 2 network shall signal this flag to indicate that it supports the new sub-range in addition to the already allowed 3.7-3.98 GHz range.
-	Define 0 dB A-MPR for NS_X
-	Define one modifiedMPR bit corresponding to band n77 and NS_X, such that if the UE sets the bit, then it implies that the UE supports the new sub-range 3.45-3.55 GHz, and if the UE does not set the bit, then it implies that the UE does not support the new sub-range (i.e. it only supports 3.7-3.98 GHz).
Both of the proposed solutions are fully backward compatible with the Rel-16 ASN:  no new signaling is created, since RAN2 has reserved 8 bits for NS values associated with band n77, and since RAN2 has also reserved 8 bits for the modifiedMPR signaling corresponding to NS_X.  This proposal simply maps one of the reserved bits to specific UE behavior.  Furthermore, Rel-16 UEs which are already in the field do not need to interpret or implement any new signaling, since their default behavior allows the network to identify them as Type 1 UEs.  Thus, only Type 2 UEs need to additionally implement the NS_X (in the case of Solution 2) and modifiedMPR bit behavior (for both proposed solutions).  Since the FCC Auction 110 has not yet occurred, and the new FCC rules have only been available for 1 month, this change does not carry any risk to future implementations of UEs which support both sub-ranges in band n77 in the US.
Proposal 4:	3GPP shall define one modifiedMPR bit corresponding to band n77, such that if the UE sets the bit, then it implies that the UE supports the new sub-range 3.45-3.55 GHz, and if the UE does not set the bit, then it implies that the UE does not support the new sub-range (i.e. it only supports 3.7-3.98 GHz).
It is useful to note that together with the proposed note, which restricts the US applicability of band n77 to only the allowed ranges of operation by US regulation (as captured in Proposal 1), the modifiedMPR bit solution can be easily adopted to any potential future changes in regulation associated with band n77.
Further noting that there might be a preference to associate the modifiedMPR bit with A-MPR requirements, a solution can be envisioned which attempts to maintain this connection.
Observation 3:	If there is a preference to associate the modifiedMPR bit with A-MPR requirements (which are set to 0 dB), then as an alternative to Proposal 4, 3GPP shall define a new NS flag NS_X corresponding to the band n77 sub-range of 3.45-3.55 GHz, 0 dB A-MPR, and one modifiedMPR bit corresponding to NS_X, such that if the UE sets the bit, then it implies that the UE supports the new sub-range 3.45-3.55 GHz, and if the UE does not set the bit, then it implies that the UE does not support the new sub-range (i.e. it only supports 3.7-3.98 GHz).
We note that the approach outlined in Observation 3 is not preferred and is included for completeness.  A corresponding CR to TS38.101-1 which implements the simpler scheme (Solution 1) is available in [6].
As a final consideration of this solution, we 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 [7].  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
We observe that there is actually no explicit differentiation, in terms of signaling, between the UE which supports the Rel-15 version of band n77 and the Rel-16 (May 2020) version.  Since, according to Proposal 4, the absence of the modifiedMPR bit associated with band n77 implies that the UE supports only the 3.7-3.98 GHz range.  Thus, it may be useful to discuss whether an additional modifiedMPR bit needs to be added to explicitly indicate to the network that the UE supports the 3.7-3.98 GHz frequency range in band n77.  Similiarly to the earlier proposals in this paper, this change would also not introduce a backward compatibility issue, since the RRC signaling already contains enough reserved bits for modifiedMPR signaling, and legacy UEs in the field can be updated over the air to implement this signaling.
Proposal 5:	3GPP should discuss further whether explicit indication, via another modifiedMPR behavior bit, is needed to distinguish UEs which implement the Rel-15 version of band n77 requirements from UEs which implement the Rel-16 (May 2020) version of band n77 requirements.
3	Conclusions
We draw the following conclusions: 
Proposal 1:	RAN4 shall adopt the band n77 note to read “In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz.”
Proposal 2:	The legacy UE issue identified last meeting is not possible to resolve outside of 3GPP scope.
Proposal 3:	3GPP shall introduce a method for the specification to phase in regional regulatory changes associated with a 3GPP band and for UEs to indicate to the network with which regulation the UE is in compliance.
Proposal 4:	3GPP shall define one modifiedMPR bit corresponding to band n77, such that if the UE sets the bit, then it implies that the UE supports the new sub-range 3.45-3.55 GHz, and if the UE does not set the bit, then it implies that the UE does not support the new sub-range (i.e. it only supports 3.7-3.98 GHz).
Proposal 5:	3GPP should discuss further whether explicit indication, via another modifiedMPR behavior bit, is needed to distinguish UEs which implement the Rel-15 version of band n77 requirements from UEs which implement the Rel-16 (May 2020) version of band n77 requirements.
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The IE AdditionalSpectrumEmission is used to indicate emission requirements to be fulfilled by the UE (see TS 38.101-1 [15], clause 6.2.3, and TS 38.101-2 [39], clause 6.2.3).
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Table L.1-1: Definitions of the bits in the field modifiedMPR-Behavior

NR Band Index of field Definition Notes
(bit number) (description of the supported functionality if indicator
set to one)
n41 0 (leftmost bit) | - EN-DC contiguous intraband MPR as defined in - This bit shall be set to 1
clause 6.2B.2.1 of 38.101-3 v15.5.0 by a UE supporting
DC_(n)41AA UE EN-DC
1 - EN-DC non-contiguous intraband MPR as defined | - This bit shall be set to 1
in clause 6.2B.2.2 of 38.101-3 v15.5.0 by a UE supporting
DC_41A_n41A EN-DC
2 - EN-DC contiguous and non-contiguous intraband -This bit may be set to 1 by
MPR and A-MPR as defined in 38.101-3 v16.4.0. If | a UE supporting
this bit is not set the UE uses Rel-15 MPR or A- DC_(n)41AA or
MPR for EN-DC contiguous and non-contiguous DC_41A_n41A EN-DC
intraband MPR and A-MPR
n71 0 (leftmost bit) | - EN-DC contiguous intraband MPR as defined in - This bit shall be set to 1

clause 6.2B.2.1 of 38.101-3 v15.5.0

by a UE supporting
DC_(n)71AA UE EN-DC
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Table H.1-1: Definitions of the bits in the field modifiedMPRbehavior

NR Band

Index of field
(bit number)

Definition
(description of the supported functionality if
indicator set to one)

Notes

n257

0 (leftmost bit)

- FR2 power class 3 MPR as defined in clause
6.2.2.3 of 38.101-2 v16.2.0

- This bit may be set to 1 by
a UE supporting n257

n258

0 (leftmost bit)

- FR2 power class 3 MPR as defined in clause
6.2.2.3 of 38.101-2 v16.2.0

- This bit may be set to 1 by
a UE supporting n258

1

- AMPR for NS_201 as defined in clausue 6.2.3.2
of 38.101-2 v15.7.0

- This bit may be set to 1 by
a UE supporting n258

2

- NS_203 as defined in clause 6.5.3.2.4 or both
NS_203 and CA_NS_203 as defined in clause
6.5A.3.2.4 0f 38.101-2 v15.11.0

- This bit shall be set to 1
by a UE supporting n258 or
both n258 and CA_n258

n260

0 (leftmost bit)

- FR2 power class 3 MPR as defined in clause
6.2.2.3 of 38.101-2 v16.2.0

- This bit may be set to 1 by
a UE supporting n260

n261

0 (leftmost bit)

- FR2 power class 3 MPR as defined in clause
6.2.2.3 of 38.101-2 v16.2.0

- This bit may be set to 1 by
a UE supporting n261
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