


3GPP TSG-RAN WG2 Meeting #109 Electronic	R2-2000156
[bookmark: _Hlk16347938]Elbonia, 24 Feb – 6 Mar 20202020 

Source:	Vodafone
Title:	Completing the Solution for the 5G Indicator 
Agenda Item:	5.4.2
Document for:	Discussion and Decision 
Introduction
In RAN #86, a LS was received from GSMA in RP-193053 requesting further work from 3GPP to enhance the existing 5G indicator handling. RAN plenary requested RAN 2 to work on this in RP-193265 and, in this contribution, we propose some solutions to complete and improve the existing 5G indicator handling. 
Discussion
The LS from GSMA highlights 2 aspects for enhancement of the 5G indicator handling:
1- In Idle Mode, If the base station and the UE do not have any NR frequency bands in common, then the UE should NOT indicate 5G to the customer. An example of this can be seen in following Figure 1
[image: ]
[bookmark: _Ref29888079]Figure 1: An example of no common NR band between the eNB and the UE. With the existing Rel 15 solution the idle mode UE indicates “5G” while GSMA are requesting that this does not happen.

2- Active Mode: in general, 5G should only be displayed if the RRC Configuration includes NR. However, GSMA recognised that there were some exceptions for certain LTE-only cases. For example, when a mobile performs periodic “heart beats” to an application server and the eNB only needs to allocate an LTE radio configuration, there is a danger that the device indicator could toggle frequently between 4G and 5G. TSG RAN felt that this was not in the scope of 3GPP, instead it could be left to operator control. However, we disagree with that, and provide some justification in this document for that. 
[bookmark: _GoBack]
Independently, neither TSG RAN nor GSMA considered the case when the UE is in Connected mode DRX (C-DRX). We believe that a UE in C-DRX should follow the IDLE mode behaviour regarding the upperLayerIndication.
Functionality to cater for the “Idle mode enhancement” and the “Active mode enhancement” is proposed in sections 3 and 4 respectively. This builds on the document Vodafone submitted to RAN 2 in August 2019, see R2-1910687. 
Overall Description of the Idle Mode Solution
Using NAS signalling to transfer RRC Container
When considering the GSMA requirements, we believe that there are too many NR frequency bands for it to be sensible to broadcast “one bit per NR band” in the System Information messages (e.g. SIB-2), as this would impact the system overhead and efficiency. Instead only a limited number of bits (e.g. 8) should be broadcast in each cell.
In order to support this, the proposed solution for the Idle Mode is as follows:
1- The NR Frequency Bands used for EN-DC by a particular network and the mapping of each NR band to the (new) bits broadcast in SIB-2 are stored as “RRC Containers” in the operator’s MME on a per-PLMN basis

NOTE: 	If the operator wants more flexibility, the information can be configured in the MME on a per MME or a per TAI-LIST basis.

2- The information on the mapping of NR bands to the new bits to be broadcast in SIB-2 is transferred to the UE in connected mode signalling and is stored within the UE in idle state.

This transfer is carried out when the UE performs Attach and Tracking Area Update procedures. As the UE needs only to contact to the network when it moves into a TA that is not in the TAI LIST allocated by the MME, the information provided by the MME must be valid over the whole TAI LIST.

3- When the LTE cell’s SIB-2 broadcast has the upperLayerIndication “present”, this information is extended by [8] bits to indicate the presence/absence of each of the [8] NR bands in that LTE cell’s coverage area.

4- On receipt of the SIB-2 message, if the UE supports EN-DC operation with any of the NR bands indicated as “present” then it shall consider the upperLayerIndication as “present”, otherwise the UE shall consider the upperLayerIndication as “not present”. 
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Figure 2 NR Band is transposed onto an 8-Bit Index. 

NAS Based Approach rather than an RRC Based Approach
An alternative to the above use of an “RRC Container in NAS signalling from the MME” might be to send this RRC information in pure-RRC messages directly from the eNB. However, this is likely to require the RAN to signal the information in every RRC Connection Release message. Attempts to reduce the amount of RRC Release signalling would need to consider: 
· Whether or not the NR band information is common across the whole PLMN.
· Whether or not all (including legacy) eNBs can detect that the UE is performing an Attach, or TAU (including cases of TAU following handover from another RAT).
· Whether or not all legacy eNBs can signal this new information. 
Owing to the likely signalling load and legacy eNB impact of an RRC-only solution, the co-signing companies prefer the solution of the MME sending an “RRC Container in NAS signalling from the MME”.
“RRC Container” transfer details
The proposed new RRC Container carrying the “NR band to NR band index” mapping information is proposed to be included in the following NAS Protocol messages [TS 24.301]:
1- Attach Accept
2- Tracking Area Update Accept 
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[bookmark: _Ref31113865]Figure 3 Flow of the new RRC Container over NAS from the Core Network to the UE 

The Information is loaded into the MME as an RRC Container by the O&M platform
Following an Attach Request or TAU Request, the MME includes the “RRC Container” in the Attach/TAU Accept message to the UE. See also Sections 6.1, and 6.2. 
Proposal 1: Request CT1 to add a new RRC Container element in Attach Accept and Tracking Area Update Accept messages in TS 24.301.  

[bookmark: _Ref31115986]NR Band Indexing details 
Table 1 gives an example of the information carried in the RRC Container in the NAS messages: 
[bookmark: _Ref29894061]Table 1 An example of “NR band : NR band index” 

	NR band represented
	Bit Position

	n1
	0

	n3
	1

	n78
	2

	n7
	3

	”not used”
	4

	”not used”
	5

	”not used”
	6

	”not used”
	7


 
In each cell, the SIB-2 would signal an 8-bit bitmap corresponding to the NR band indices. The presence of the NR band in the LTE cell’s coverage area is indicated as “1” and absence as “0”. 
Therefore, a cell connected to an MME sending the information in Table 1 to the UE in Attach/TAU Accept, and the cell broadcasting “01100000” in SIB-2, would mean that only NR bands n3 and n78 are present in that cell’s coverage area. 

The SIB-2 message encoding could be specified as shown below:
SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=		SEQUENCE {
(* content not shown *)
	timeAlignmentTimerCommon			TimeAlignmentTimer,
	...,
	lateNonCriticalExtension		OCTET STRING (CONTAINING SystemInformationBlockType2-v8h0-IEs)						OPTIONAL,
	[[	ssac-BarringForMMTEL-Voice-r9		AC-BarringConfig				OPTIONAL,	-- Need OP
		ssac-BarringForMMTEL-Video-r9		AC-BarringConfig				OPTIONAL	-- Need OP
	]],
	(* content not shown *)
	[[	mbsfn-SubframeConfigList-v1430		MBSFN-SubframeConfigList-v1430	OPTIONAL,	-- Need OP
		videoServiceCauseIndication-r14		ENUMERATED {true}				OPTIONAL	-- Need OP
	]],
	[[	plmn-InfoList-r15					PLMN-InfoList-r15				OPTIONAL	-- Need OP
	]],
	[[	cp-EDT-r15							ENUMERATED {true}				OPTIONAL,	-- Need OR
		up-EDT-r15							ENUMERATED {true}				OPTIONAL,	-- Need OR
		idleModeMeasurements-r15			ENUMERATED {true}				OPTIONAL,	-- Need OR
		reducedCP-LatencyEnabled-r15		ENUMERATED {true}				OPTIONAL	-- Need OR
	]],
	[[	mbms-ROM-ServiceIndication-r15	ENUMERATED {true}				OPTIONAL	-- Need OR
	]],
	[[	plmn-InfoList-r16					PLMN-InfoList-r16				OPTIONAL	-- Need OP
	]]
}


PLMN-InfoList-r15 ::=				SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-Info-r15

PLMN-Info-r15 ::=			SEQUENCE {
	upperLayerIndication-r15			ENUMERATED {true}			OPTIONAL		-- Need OR
}
PLMN-InfoList-r16 ::=				SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-Info-r16

PLMN-Info-r16 ::=			SEQUENCE {
	upperLayerIndication-r16			BIT STRING (SIZE (8))		OPTIONAL		-- Need OR
}
Proposal 2: the “NR band to NR band index” mapping is sent to the UE from the MME in NAS signalling within an “RRC Container”.
Proposal 3: The presence of each NR Band (represented by an 8-bit bit string) within the LTE cell’s coverage area is broadcast in SIB-2.
Proposal 4: The UE compares the cell’s local NR bands with its own Radio capabilities, and if there is any match, the UE sets upperLayerIndication to 1 and informs higher layers
[bookmark: _Ref30493566]Connected Mode Solution  
[bookmark: _Ref30493649]Connected DRX Mode
Before the RRC connection is released, the RAN normally uses C-DRX while its (operator specific) RRC-Inactivity timer is running. In order to conserve UE battery power, the device is likely to be just listening to the LTE channels in this situation. If the UE’s AS indicates to its NAS every time it activates and deactivates the NR bearer (as proposed in the RAN LS), then the C-DRX operation would mean that the UE is potentially frequently toggling between displaying 4G and 5G. Given that the C-DRX state is only known within AS, then to avoid this toggling it is proposed that C-DRX should be treated by the UE’s Access Stratum in the same way as idle mode.
Proposal 5: In C-DRX, the UE should set the indicator according to the IDLE mode handling of the indicator within the “area”.  
	Other Active Mode exceptions where “NR is not present” highlighted in the LS
GSMA indicated that the operator should be able to set a time period over which a short LTE-only connection does not make a “5G” indicator toggle off and on again. TSG RAN indicated that this was not a 3GPP issue and operators should control the time hysteresis for this. However, operators have little or no control over “open market devices”! 
Despite TSG–RAN believing that such time hysteresis is not a 3GPP issue, there is a long-established practice that has been specified in 3GPP and its SMG forerunner since about 1995, whereby the Service Indicator is allowed to be displayed for 10 seconds after the criteria for “service” has ceased to exist. We believe that the same approach could be used here to prevent toggling of the upperLayerIndication.
[bookmark: _Toc462927519]See TS 23.122 clause 4.6 (and note that the “A/Gb mode only” text is probably there solely in relation to the Cordless Telephony System).
----------------------------------------------------------------------------------------------------------
Service indication (A/Gb mode only)
This is an indication to the user that service or CTS service is available.
The service indication should be set if the following conditions are all satisfied:
a)   Cell Selection: Camped on a suitable cell and in updated state, or in connected mode having been camped on a suitable cell.
b)   Location registration: In updated state, for MSs capable of services requiring registration.
A specific CTS service indication should be set when the CTS MS is attached to a CTS FP.
However due to the fact that there may be some transitory changes of state, the service indication is permitted to continue to be set for up to 10 seconds after the above conditions cease to be met. Also, the service indication is permitted to take up to 1 second to be set after the above conditions are met.
-------------------------------------------------------------------------------------------------------------------------------
Proposal 6: In order to avoid confusion to the user and to support Open Market Devices, in RRC Connected state, the UE should be allowed to run a 10 second hysteresis before turning off the “upperLayerIndication”
 
Proposals and Conclusion
In this contribution, we have presented practical solutions to address GSMA’s concerns and to improve customer experience.
The following are proposed to implement this solution:
Proposal 1: Request CT1 to add a new RRC Container element in Attach Accept and Tracking Area Update Accept messages indicated in TS 24.301.  
Proposal 2: the “NR band : NR band index” mapping is sent to the UE from the MME in NAS signalling within an “RRC Container”.
Proposal 3: The presence of each NR Band (represented by the 8-bit NR band Index) within the LTE cell’s coverage area is sent in SIB-2 to the UE.
Proposal 4: The UE compares the cell’s local NR bands with its own Radio capabilities, and if there is any match, the UE sets upperLayerIndication to 1 and sends it to higher layers
Proposal 5: In C-DRX, the UE should set the indicator according to the IDLE mode handling of the indicator within the “area”.  
Proposal 6: In order to avoid confusion to the user and to support Open Market Devices, in RRC Connected state, the UE should be allowed to run a 10 second hysteresis before turning off the “upperLayerIndication”
In order to implement this solution small changes are required in the core network, RAN and within the UE. They minimise radio signalling overhead – especially on broadcast signalling messages.



Technical Annex
[bookmark: _Ref31115494]Attach Accept Message TS 24.301
Attach Accept Message [section 8.2.1 of TS 24.301] 
The following Table 3 illustrates the new RRC Container information element in the Attach Accept message. Similar changes would be made to the Tracking Area Update message in section 8.2.26 of TS 24.301.  
	[bookmark: _Ref31120954]Table 3 Attach Accept Message Content with new RRC Container

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator
9.2
	M
	V
	1/2

	
	Security header type
	Security header type
9.3.1
	M
	V
	1/2

	
	Attach accept message identity
	Message type
9.8
	M
	V
	1

	
	EPS attach result
	EPS attach result
9.9.3.10
	M
	V
	1/2

	
	Spare half octet
	Spare half octet
9.9.2.9
	M
	V
	1/2

	
	T3412 value
	GPRS timer
9.9.3.16
	M
	V
	1

	
	TAI list
	Tracking area identity list
9.9.3.33
	M
	LV
	7-97

	
	ESM message container
	ESM message container
9.9.3.15
	M
	LV-E
	5-n

	50
	GUTI
	EPS mobile identity
9.9.3.12
	O
	TLV
	13

	13
	Location area identification
	Location area identification
9.9.2.2
	O
	TV
	6

	23
	MS identity

	Mobile identity
9.9.2.3
	O
	TLV
	7-10

	53
	EMM cause
	EMM cause
9.9.3.9
	O
	TV
	2

	17
	T3402 value
	GPRS timer
9.9.3.16
	O
	TV
	2

	59
	T3423 value
	GPRS timer
9.9.3.16
	O
	TV
	2

	4A
	Equivalent PLMNs
	PLMN list
9.9.2.8
	O
	TLV
	5-47

	34
	Emergency number list
	Emergency number list
9.9.3.37
	O
	TLV
	5-50

	64
	EPS network feature support
	EPS network feature support
9.9.3.12A
	O
	TLV
	3-4

	F-
	Additional update result
	Additional update result
9.9.3.0A
	O
	TV
	1

	5E
	T3412 extended value
	GPRS timer 3
9.9.3.16B
	O
	TLV
	3

	6A
	T3324 value
	GPRS timer 2
9.9.3.16A
	O
	TLV
	3

	6E
	Extended DRX parameters
	Extended DRX parameters
9.9.3.46
	O
	TLV
	3

	65
	DCN-ID
	DCN-ID
9.9.3.48
	O
	TLV
	4

	E-
	SMS services status
	SMS services status
9.9.3.4B
	O
	TV
	1

	D-
	Non-3GPP NW provided policies
	Non-3GPP NW provided policies
9.9.3.49
	O
	TV
	1

	6B
	T3448 value
	GPRS timer 2
9.9.3.16A
	O
	TLV
	3

	C-
	Network policy
	Network policy
9.9.3.52
	O
	TV
	1

	6C
	T3447 value
	GPRS timer 3
9.9.3.16B
	O
	TLV
	3

	7A
	Extended emergency number list
	Extended emergency number list
9.9.3.37A
	O
	TLV-E
	7-65538

	7C
	Ciphering key data
	Ciphering key data
9.9.3.56
	O
	TLV-E
	35-2291

	66
	UE radio capability ID
	UE radio capability ID
9.9.3.60
	O
	TLV
	3-n

	B-
	UE radio capability ID deletion indication
	UE radio capability ID deletion indication
9.9.3.61
	O
	TV
	1

	xx
	Negotiated WUS assistance information
	WUS assistance information
9.9.3.62
	O
	TLV
	3-n

	yy
	RRC Container 
	RRC Container
9.3.3.xxx
	O
	TLV
	12




[bookmark: _Ref31634285]RRC Container NAS Information Element for TS 24.301
[bookmark: _Toc20218662][bookmark: _Toc27744550]9.9.3.xxx	RRC Container
The purpose of the RRC Container information element is to transfer a list of NR Bands used from the Network to the UE. 
The RRC Container information element is coded as shown in figure 9.9.3.xxx.
10 bits have been allocated to cater for up to 1023 NR Bands. The all zero value indicates that that field carries no NR band information.
The RRC Container information element is comprised is a type 4 information element with a length of 12 octets. 
	8
	7
	6
	5
	4
	3
	2
	1
	octet

	RRC Container IEI
	octet 1

	Length of RRC Container contents
	octet 2

	NR Band 1
	octet 3

	NR Band 2
	NR Band 1
	octet 4

	NR Band 3
	NR Band 2
	octet 5

	NR Band 4
	NR Band 3
	octet 6

	NR Band 4
	octet 7

	NR Band 5
	octet 8

	NR Band 6
	NR band 5
	octet 9

	NR band 7
	NR band 6
	octet 10 

	NR Band 8
	NR band 7
	octet 11

	NR band 8
	octet 12


Figure 4 9.9.3.xxx RRC Container information element


	R2-2000156
	14




image1.jpeg
SIB2 { upperLayerindication } <<<w>>>

Mismatch between the eNB and UE's Radio
Capabilities
- >

Rel15 UE eNB supporting Dual
Connectivity

Freq. Freq.





image2.jpeg
NAS Signalling

Dual connected BTS
Option 3X

LTE eNodeB

I upperLayerindication = 10or 0

_ The UE compares the Bands indicated as

present on the SIB2 with its own Band
Capabilities, and sets the
upperlLayerindication to 1 if there is a
match




image3.jpeg
UE

DLInformationTransfer
{ dedicatedinfoNAS }

Downlink NAS Transport
{ NAs-PDU
(Attach /TAU Accept) }

RB

(H)
]
|

LTE eNodeB

1-Al

MME

PLMN specific RRC Container
-—

O&M Platform





