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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.
This contribution which is revision of R2-2000156, we offer a RAN based solution to the 5G Indicator. While the radio efficiency of this approach is likely to be worse than that of R2-2000156, this RAN based approach has the advantage of only requiring updates to the eNB and UE.
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. 

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. 

RAN Based Solution
General
With RAN based approach we make use of the System Information Block (SIB) to convey the NR frequency bands supported in the LTE cell’s coverage area to the UE. 
We assume that “Option 2” is the PLMN’s short/medium/long term target for NR usage and hence there is no need for an LTE cell to signal more than 10 NR frequency bands for use with “Option 3” in that cell’s coverage area. Also, the radio overhead of the signalling can probably be optimised for a cell with just 2 or 3 NR frequency bands in the cell’s coverage area. 
We note that 10 bits are normally used to identify an NR frequency bands. 
Two alternatives for this solution are investigated. 
Alternative 1: SIB24 with added frequency band information 
Alternative 2: New SIB (e.g. SIB27) to carry NR Frequency Bands 
These two options are discussed in the following sections:
Alternative 1: SIB24 
The first option is to extend SIB24 to signal the NR Frequency Bands that an “option 3” UE can use in that cell’s coverage area.
SIB 24 currently carries information about NR carrier frequencies and NR neighbouring cells relevant for cell re-selection. As this information enables cell reselection to adjacent (and possibly more distant) base station sites, its R15 NR information might be different to the NR bands that are available in the current cell’s coverage area.
As Release 15 SIB 1 can already schedule the transmission of SIB 24, and, we anticipate that most mobile operators deploying “Option 3” will also support “Option 2” and hence need to transmit SIB 24, we do not believe that this alternative will increase the size of SIB 1. See following Figure 2. The only impact is the size of the SIB24. 
[image: ]
[bookmark: _Ref37079585]Figure 2 Scheduling of System Information Blocks from SIB1

An example of the SIB scheduling is illustrated in the following Figure 3
[image: ]
[bookmark: _Ref37079598]Figure 3 An example of SIB24 scheduling 

With reference to the SIB24 Information element, illustrated in following Figure 4, we see that the lateNonCriticalExtenstion can be used to carry the list of the LTE cell’s local NR Frequency bands to the UE. 
SystemInformationBlockType24 information element
-- ASN1START

SystemInformationBlockType24-r15 ::=	SEQUENCE {
	carrierFreqListNR-r15				CarrierFreqListNR-r15				OPTIONAL, 		-- Need OR
	t-ReselectionNR-r15					T-Reselection,
	t-ReselectionNR-SF-r15				SpeedStateScaleFactors				OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}
[bookmark: _Ref37153417]Figure 4 An extract of SIB24 Information element from 36.331

Furthermore, the Table 5 in Technical Annex illustrates the available transport block size for multiplexing SIB24 with other SIBs. Assuming that no more than 10 NR frequency bands (each encoded with 10 bits) need to be signalled to the UE, we do not anticipate size problems with SIB 24.
Observation 1: SIB24 can already be scheduled on SIB1. 
Observation 2: The LTE cell’s local NR frequency bands could be included in the lateNonCriticalExtension. 
Observation 3: SIB 24 should have space to carry information on 10 NR frequency bands.
Observation 4: SIB 24 is probably sent less frequently than SIB 2. This can compensate for the increase in the number of bits signalled in this solution compared to the solution in Vodafone’s R2-2000156 which just sent 9 bits in SIB 2.

Alternative 2: New SIB 27
Another option which is available to us is to define a new SIB, e.g. SIB27, to signal the LTE cell’s local NR frequency bands from the cell to the UE.
As the content of “SIB27” is not critical to the network nor UE operation, it could be transmitted very infrequently, compared to other SIBs such as SIB2 or SIB3 etc. 
This new SIB27 would require new scheduling information in SIB1 e.g. as shown in the following Figure 5. If this new SIB is sent less frequently than other SIBs, a separate instance of the SchedulingInfo would need to be sent in SIB1. 
The authors do not know how many bits this would require, but the addition of SIBType27 “after the ellipsis” indicates that this might be of the order of several octets. 
Observation 5: The use of a new SIB requires the impact on the size of SIB1 to be carefully analysed.

[image: ]
[bookmark: _Ref37079609]Figure 5 Addition of new SIB27 to the list of System Information Blocks
 
[bookmark: _GoBack]As this is not a critical information, we can afford to transmit SIB27 just once every 2560ms, see following Figure 6. This infrequent transmission reduces the overhead of the new SIB.
[image: ]
[bookmark: _Ref37079621]Figure 6 New SIB27 is scheduled infrequently at every 2560ms

The Table 5 in Technical Annex illustrates the available transport block size for multiplexing the new SIB27 with other SIBs. 
Observation 6: A new SIB, SIB27, can be designed to signal the NR Frequency bands in the cell’s coverage area.
Observation 7: As this is a non-critical piece of information it can be scheduled to be transmitted infrequently, e.g. every 2560ms. 
Summary on RAN based solution
Proposal 1: To avoid increasing the size of SIB 1, it is proposed to add signalling to SIB 24 rather than to specify a new SIB.

[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 2: In C-DRX, the UE should set the indicator according to the IDLE mode handling of the indicator within the “area”.  
Proposal 3: RAN 2 should discuss whether this knowledge of C-DRX operation should be implemented in AS or NAS. This discussion should be combined with that on proposal 5, below.

	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 or the MMI indication.
[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 4: 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 thecustomer indication related to the “upperLayerIndication”
Proposal 5: RAN 2 should discuss whether the timer hysteresis should be implemented in AS or NAS.
Proposal 6: If in proposal 5, RAN 2 prefer NAS, then RAN 2 should liaise to CT 1 and request them to update their specifications accordingly.
Proposals and Conclusion
In this contribution, we have presented an amended RAN based solution to address GSMA’s concerns and to improve customer experience. 
The following Observations were made in this technical analysis:
Observation 1: SIB24 can already be scheduled on SIB1. 
Observation 2: The LTE cell’s NR frequency bands could be included in the lateNonCriticalExtension. 
Observation 3: SIB 24 should have space to carry information on 10 NR frequency bands.
Observation 4: SIB 24 is probably sent less frequently than SIB 2. This can compensate for the increase in the number of bits signalled in this solution compared to the solution in Vodafone’s R2-2000156 which just sent 9 bits in SIB 2.
Observation 5: The use of a new SIB requires the impact on the size of SIB1 to be carefully analysed
Observation 6: A new SIB, SIB27, can be designed to signal the NR Frequency bands in the cell’s coverage area.
Observation 7: As this is a non-critical piece of information it can be scheduled to be transmitted infrequently, e.g. every 2560ms. 
And the following are proposed to implement this solution:
Proposal 1: To avoid increasing the size of SIB 1, it is proposed to add signalling to SIB 24 rather than to specify a new SIB.
Proposal 2: In C-DRX, the UE should set the indicator according to the IDLE mode handling of the indicator within the “area”.  
Proposal 3: RAN 2 should discuss whether this knowledge of C-DRX operation should be implemented in AS or NAS. This discussion should be combined with that on proposal 5, below.
Proposal 4: 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 customer indication related to the “upperLayerIndication”
Proposal 5: RAN 2 should discuss whether the timer hysteresis should be implemented in AS or NAS.
Proposal 6: If in proposal 5, RAN 2 prefer NAS, then RAN 2 should liaise to CT 1 and request them to update their specifications accordingly.

We kindly request RAN2 to discuss the RAN based solution and to agree on a SIB24 based solution for simplicity. 


Technical Annex
Transport Block and DL Throughput Capacity 
The following table highlights DL Throughput Capacity of a few combinations of Transport Blocks and MCS
By taking a cell edge example and assuming DL bandwidth of 10 MHz, for illustration purposes we select a coarse QPSK modulation with MCS index of 7,8 or 9 see following Table 1.
From 36.213 tables 7.1.7.1-1 and 7.1.7.2.1 we have the following combinations and corresponding theoretical throughputs for a 10 MHz DL Bandwidth and with a 2x2 MIMO scenarios, see following Table 1 and Table 2.
[bookmark: _Ref37091459]Table 1 Extract from 36.213: Table 7.1.7.1-1: Modulation and TBS index table for PDSCH
	MCS Index
[image: ]
	Modulation Order
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	Modulation Order
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	TBS Index
[image: ]

	0
	2
	2
	0

	1
	2
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	4
	5

	6
	2
	4
	6

	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9

	10
	4
	6
	9

	11
	4
	6
	10

	12
	4
	6
	11

	13
	4
	6
	12

	14
	4
	6
	13

	15
	4
	6
	14

	16
	4
	6
	15

	17
	6
	6
	15

	18
	6
	6
	16

	19
	6
	6
	17

	20
	6
	6
	18

	21
	6
	6
	19

	22
	6
	6
	20

	23
	6
	6
	21

	24
	6
	6
	22

	25
	6
	6
	23

	26
	6
	6
	24

	27
	6
	6
	25

	28
	6
	6
	26/26A

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	



[bookmark: _Ref37091758]Table 2 An extract from TS 36.213: Table 7.1.7.2.1-1: Transport block size table (dimension 44×110)
	[image: ]
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	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	0
	1128
	1160
	1192
	1224
	1256
	1256
	1288
	1320
	1352
	1384

	1
	1480
	1544
	1544
	1608
	1608
	1672
	1736
	1736
	1800
	1800

	2
	1800
	1864
	1928
	1992
	2024
	2088
	2088
	2152
	2216
	2216

	3
	2408
	2472
	2536
	2536
	2600
	2664
	2728
	2792
	2856
	2856

	4
	2984
	2984
	3112
	3112
	3240
	3240
	3368
	3496
	3496
	3624

	5
	3624
	3752
	3752
	3880
	4008
	4008
	4136
	4264
	4392
	4392

	6
	4264
	4392
	4584
	4584
	4776
	4776
	4968
	4968
	5160
	5160

	7
	4968
	5160
	5352
	5352
	5544
	5736
	5736
	5992
	5992
	6200

	8
	5736
	5992
	5992
	6200
	6200
	6456
	6456
	6712
	6968
	6968

	9
	6456
	6712
	6712
	6968
	6968
	7224
	7480
	7480
	7736
	7992

	10
	7224
	7480
	7480
	7736
	7992
	7992
	8248
	8504
	8504
	8760

	11
	8248
	8504
	8760
	8760
	9144
	9144
	9528
	9528
	9912
	9912

	12
	9528
	9528
	9912
	9912
	10296
	10680
	10680
	11064
	11064
	11448

	13
	10680
	10680
	11064
	11448
	11448
	11832
	12216
	12216
	12576
	12960

	14
	11832
	12216
	12216
	12576
	12960
	12960
	13536
	13536
	14112
	14112

	15
	12576
	12960
	12960
	13536
	13536
	14112
	14688
	14688
	15264
	15264

	16
	13536
	13536
	14112
	14112
	14688
	14688
	15264
	15840
	15840
	16416

	17
	14688
	15264
	15264
	15840
	16416
	16416
	16992
	17568
	17568
	18336

	18
	16416
	16416
	16992
	17568
	17568
	18336
	18336
	19080
	19080
	19848

	19
	17568
	18336
	18336
	19080
	19080
	19848
	20616
	20616
	21384
	21384

	20
	19080
	19848
	19848
	20616
	20616
	21384
	22152
	22152
	22920
	22920

	21
	20616
	21384
	21384
	22152
	22920
	22920
	23688
	24496
	24496
	25456

	22
	22152
	22920
	22920
	23688
	24496
	24496
	25456
	25456
	26416
	27376

	23
	23688
	24496
	24496
	25456
	25456
	26416
	27376
	27376
	28336
	28336

	24
	25456
	25456
	26416
	26416
	27376
	28336
	28336
	29296
	29296
	30576

	25
	26416
	26416
	27376
	28336
	28336
	29296
	29296
	30576
	31704
	31704

	26
	30576
	30576
	31704
	32856
	32856
	34008
	35160
	35160
	36696
	36696

	26A
	26416
	27376
	27376
	29296
	29296
	29296
	30576
	30576
	31704
	32856



For a coarse modulation and 10MHz DL bandwidth using Table 3 and Table 4 have the throughput illustrated in Table 5. 
[bookmark: _Ref37091845]Table 3 Transport Block Size indices for MCS of 7,8 and 9
	MCS Index
[image: ]
	Modulation Order
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	Modulation Order
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	TBS Index
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	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9



[bookmark: _Ref37091851]Table 4 DL Throughputs for 10MHz Bandwidth for 1 antenna port
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	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	7
	4968
	5160
	5352
	5352
	5544
	5736
	5736
	5992
	5992
	6200

	8
	5736
	5992
	5992
	6200
	6200
	6456
	6456
	6712
	6968
	6968

	9
	6456
	6712
	6712
	6968
	6968
	7224
	7480
	7480
	7736
	7992



[bookmark: _Ref37091821]Table 5 DL Throughputs for 1 and 2 antenna ports per 1ms time slot of a 10Mhz DL bandwidth 
	I TBS
	One Antenna Throughput (mbps) per 1ms slot
	Two Antenna Throughput (mbps) per 1ms slot

	7
	6.2
	12.4

	8
	6.9
	13.8

	9
	7.9
	15.8



0. [bookmark: _Ref31115494]Attach Accept Message TS 24.301
Attach Accept Message [section 8.2.1 of TS 24.301] 
The following Table 6 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 6 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 following Figure 7 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


[bookmark: _Ref37152893]Figure 7 9.9.3.xxx RRC Container information element
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..., sibTypel9-v1250, sibType20-v1310, sibType21-v1430,
5ibType24-v1530, sibType25-v1530, sibType26-v1530

U sibType27-v1530}
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