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1. Introduction
At TSG-RAN #93e, the signalling issue related to Band n77 was discussed, which has been discussed under the WI on RF requirement enhancements for NR FR1 in RAN1. TSG-RAN endorsed the following guidance [1].
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.
This paper attempts to design UE capability signalling in order for the network to distinguish new Band n77 UEs from legacy Band n77 UEs.
2. Discussion
2.1. Summary of Band n77 definition
According to the latest TS 38.101-1, Band n77 is defined as shown below.
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n7712
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	NOTE 12:	In the USA this band is restricted to 3700 – 3980 MHz.



As described in the NOTE, the operating band is restricted to 3700 – 3980 MHz in US. In terms of UE capability signalling, the UE merely reports supported frequency bands via bandNR in RF-Parameters. There is no explicit capability signalling to indicate support of the frequency restriction, as defined for US. Thus, the gNB deployed in US implicitly learns that the UE supports 3700 – 3980 MHz, when support of Band n77 is reported.
In addition, a new spectrum range of 3450 – 3550 MHz is to be available in US. For UEs supporting Band n77 in US, the following UEs are to be populated into the market.
-	Legacy Band n77 UEs supporting 3700 – 3980 MHz;
-	New Band n77 UEs supporting 3450 – 3550 MHz as well as 3700 – 3980 MHz.
Once the network supports the new spectrum range and starts to deploy cells operating on the new spectrum range, the network needs to learn whether Band n77 UEs support the new spectrum range or not. Given that the legacy Band n77 UE only supports 3700 – 3980 MHz, the legacy Band n77 UE cannot access the cell operating on 3450 – 3550 MHz. Therefore, when a handover is performed for the legacy Band n77 UE, the source gNB has to select a cell operating on 3700 – 3980 MHz as a target. For the new Band n77 UE, the source gNB can select a target cell amongst the neighbour cells operating on 3700 – 3980 MHz or 3450 – 3550 MHz. Nonetheless, the existing capability signalling cannot provide clues about supporting the new spectrum range. Therefore, the capability signalling needs to be extended so that the UE can report the operational band restriction supported for Band n77.
2.2. Solution alternatives
With regards to the capability signalling extension, the following alternatives can be considered.
Atl.1:	Use one bit in modifiedMPR-Behaviour [2];
Alt.2:	Introduce a new capability bit indicating support of 3450 – 3550 MHz for Band n77;
Alt.3:	Introduce a new bit string per band to indicate the supported operational band restriction;
Alt.1 leverages the existing capability signalling of modifiedMPR-Behaviour. Hence, there is neither ASN.1 impact nor update of TS 38.306. Potential specification impact would be to define the meaning of the bit for Band n77 to indicate the supported operation band restriction (i.e. 3450 – 3550 MHz and 3700 – 3980 MHz). To ensure the backward compatibility with legacy Band n77 UEs, clarification is made such that the absence of modifiedMPR-Behaviour implies that the UE only supports 3700 – 3980 MHz. An example of the specification impact on TS 38.101-1 is shown in section A.1. On the other hand, the use of modifiedMPR-Behaviour signalling for this purpose is not aligned with the original definition, since the modifiedMPR-Behaviour signalling is defined for the UE to indicate supporting an MPR or A-MPR modified in a given version of the spec.
Alt.2 is the regular approach of defining a new UE capability bit, as shown in section A.2, for example. Both the update of ASN.1 and definition of the new bit in TS 38.306 are deemed as necessary. Likewise, the absence of the new capability bit implies the legacy UE behaviour, i.e. only supporting 3700 – 3980 MHz. Whilst this regular approach seems straightforward, if the same issue happens again for the same band or for the other frequency bands in future, further update of ASN.1 is needed to introduce another capability signalling.
Alt.3 is aimed for future proofing, so that the new bit string can be reused in future when the operational band restriction is modified for the same band or the other bands. The meaning of bits can be defined in the similar way to the modifirdMPR-Behaviour signalling. An example of the specification impacts is shown in section A.3. On the other hand, there remains unused bits, if it does not happen again for the same band. To avoid such a risk, the size of the bit string is defined as one, if there is confidence that the operation band restriction will never be modified in future. Likewise, if there is confidence that such an operational band restriction will never be introduced for any other bands than Band n77, there is no point to go for Alt.3. 
Table 2.2-1 summarises the pros and cons of the solution alternatives.
Table 2.2-1:	Summary of potential solution analysis
	
	Alt.1
	Alt.2
	Alt.3

	Advantage
	No RAN2 spec impact (incl. ASN.1)
	Leverage the regular approach of defining a new UE capability
	Future proofing such that further RAN2 spec update (incl. ASN.1) is not needed even though the operational band restriction is modified for Band n77 or the other bands in future

	Drawback
	Not aligned with the original definition of modifiedMPR-Behaviour
	Further ASN.1 update is needed every time when the operational band restriction is modified for Band n77 or the other bands
	The new bit string will never be used except for Band n77, if the operational band restriction is not modified for Band n77 or the other bands.



As can be seen in the table, there seems not a clear-cut choice amongst the alternatives. Nevertheless, it is worthwhile discussing Alt.3 as a candidate, since Alt.1 and Alt.2 is already on the table, anyway. Therefore, this paper proposes to put Alt.3 on the table. Given that RAN2 and RAN4 are tasked to complete the specification work at this meeting. The solution direction decided by RAN2 should be shared with RAN4 as early as possible via an LS.
3. Summary and proposal
This paper discussed and analysed the potential solution alternatives for the network to distinguish new Band n77 UEs from legacy Band n77 UEs. In conclusion, the followings are proposed:
Proposal 1:	Introduce a new bit string for indicating modified restricted operating band range per band.
Proposal 1a:	The size of the bit string is at least one bit and could be more if there is likelihood of modifying 			the operational band restriction for the same band or the other bands in future.
Proposal 2:	If the new bit string is not included, the UE supports the legacy restricted range (e.g. 3700 – 				3980 MHz for Band n77 in US).
Proposal 3:	Send an LS to inform RAN4 of the solution direction.
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Annex A:
Specification impacts on solution alternatives
A.1	Alternative 1
TS 38.101-1, Annex L1	Indication of modified MPR behavior:
Table L.1-1: Definitions of the bits in the field modifiedMPR-Behavior
	NR Band
	Index of field
(bit number)
	Definition
(description of the supported functionality if indicator set to one)
	Notes

	n41
	0 (leftmost bit)
	- EN-DC contiguous intraband MPR as defined in clause 6.2B.2.1 of 38.101-3 v15.5.0
	- This bit shall be set to 1 by a UE supporting DC_(n)41AA UE EN-DC 

	
	1
	- EN-DC non-contiguous intraband MPR as defined in clause 6.2B.2.2 of 38.101-3 v15.5.0
	- This bit shall be set to 1 by a UE supporting DC_41A_n41A EN-DC 

	
	2
	- EN-DC contiguous and non-contiguous intraband MPR and A-MPR as defined in 38.101-3 v16.4.0. If this bit is not set the UE uses Rel-15 MPR or A-MPR for EN-DC contiguous and non-contiguous intraband MPR and A-MPR 
	-This bit may be set to 1 by a UE supporting DC_(n)41AA or DC_41A_n41A EN-DC 

	n71
	0 (leftmost bit)
	- EN-DC contiguous intraband MPR as defined in clause 6.2B.2.1 of 38.101-3 v15.5.0
	- This bit shall be set to 1 by a UE supporting DC_(n)71AA UE EN-DC 

	n77
	0 (leftmost bit)
	- In USA, the UE supports the restricted operating band range of 3450 – 3550 MHz and 3700 – 3980 MHz. if modifiedMPR-Bahaviour is not included for n77, the UE supports 3700 – 3980 MHz in US.
	- This bit may be set to 1 by a UE supporting n77.



A.2	Alternative 2
TS 38.331:
[bookmark: _Toc60777475][bookmark: _Toc76423763]–	RF-Parameters
The IE RF-Parameters is used to convey RF-related capabilities for NR operation.
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
<< skip unrelated part >>
BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
<< skip unrelated part >>
    ]],
	[[
	additionalRestrictedBandRangeN77-r16	ENUMERATED {supported}			OPTIONAL
	]]
}

-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP

	RF-Parameters field descriptions

	additionalRestrictedBandRangeN77
The UE is only allowed to set this field if bandNR indicates support of Band n77, as specified in TS 38.101-1 [15].



TS 38.306:
[bookmark: _Toc12750894][bookmark: _Toc29382258][bookmark: _Toc37093375][bookmark: _Toc37238651][bookmark: _Toc37238765][bookmark: _Toc46488660][bookmark: _Toc52574081][bookmark: _Toc52574167][bookmark: _Toc76511767]4.2.7.2	BandNR parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	additionalRestrictedBandRangeN77-r16
Indicates whether the UE supports the restricted operating band range of 3450 – 3550 MHz and 3700 – 3980 MHz for Band n77 in US, as specified in TS 38.101-1 [2]. If this field is not included for Band n77, the UE supports 3700 – 3980 MHz in US.
	Band
	No
	N/A
	N/A



A.3	Alternative 3
TS 38.331:
–	RF-Parameters
The IE RF-Parameters is used to convey RF-related capabilities for NR operation.
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
<< skip unrelated part >>
BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
<< skip unrelated part >>
    ]],
	[[
	modifiedRestrictedRange-r16               BIT STRING (SIZE (TBD))
	]]
}

-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP

TS 38.306:
[bookmark: _Toc67919874]4.2.7.2	BandNR parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	modifiedRestrictedRange-r16
Indicates whether UE supports modified restricted operating band range defined in TS 38.101-1 [2] and TS 38.101-2 [3]. The absence of this field means that the UE supports the restricted operating band range as defined in clause 5.1 of TS 38.101-1 version 16.8.0 [2] and TS 38.101-2 version 16.8.0 [3] for the given band.
	Band
	No
	N/A
	N/A



TS 38.101:
[bookmark: _Toc21343237][bookmark: _Toc29770203][bookmark: _Toc29799702][bookmark: _Toc59650561][bookmark: _Toc61357833][bookmark: _Toc61359607][bookmark: _Toc67916547]Annex X (normative):
ModifiedRestrictedRange
[bookmark: _Toc21345705][bookmark: _Toc29806554][bookmark: _Toc59650562][bookmark: _Toc61357834][bookmark: _Toc61359608][bookmark: _Toc67916548]X.1	Indication of modified restricted operating band range
This annex contains the definitions of the bits in the field modifiedRestrictedRange indicated per supported NR band in the IE RF-Parameters [7] by a UE supporting the restricted operating band range in a given version of this specification, as specified in sub-clause 5.2.
Table X.1-1: Definitions of the bits in the field modifiedRestrictedRange
	NR Band
	Index of field
(bit number)
	Definition
(description of the supported functionality if indicator set to one)
	Notes

	n77
	0 (leftmost bit)
	In the USA, the UE supports the restricted operating band range of 3450 – 3550 MHz and 3700 – 3980 MHz.
	






5

