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Introduction
3GPP introduced a 1-bit information element in the form of the upperLayerIndication IE in E-UTRA SIB2 to indicate that the LTE cell is EN-DC capable [2]. This indicator is one of the factors that can be used by the device to determine when to display the 5G icon. A recent contribution [1] pointed out some deployment use cases that may lead to a 5G icon incorrectly being displayed when it should not be, and not being displayed when it should be. That contribution proposes changes to the upperLayerIndication, but those proposed changes do not really improve the situation enough to justify a change to the frozen Release 15 ASN.1, or the use of an additional precious SIB2 bit.  This contribution demonstrates that the existing 5G indicator is not really broken if used correctly, and how the new indicator doesn’t really fix the problem that it claims to fix.
5G icon display scenarios
Contribution [1] provides some examples of how the Device might have erroneous display of 5G icon when applied to NR supporting devices for FR1 only, FR2 only and FR1 and FR2. And for network deployment/migration for a mix of FR1 only, FR2 only and FR1 and FR2 deployment. This is argued to be due to the current upperLayerIndication IE of 1 bit [2].
At this point it should be noted part of the challenge is a lack of coverage parity for LTE and FR2. For example refer to Case 2 in the network configurations figure 1.
 [1] proposes the addition of upperLayerIndication IEs FR1 and FR2 to solve this problem of incorrect Device 5G icon display.
PLMN-InfoList-r15 ::=				SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-Info-r15

PLMN-Info-r15 ::=			SEQUENCE {
	upperLayerIndication-r15			ENUMERATED {true}			OPTIONAL		-- Need OR
}

PLMN-InfoList2-r15 ::=		SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-Info2-r15

PLMN-Info2-r15 ::=			SEQUENCE {
	upperLayerIndication-FR1-r15			ENUMERATED {true}		OPTIONAL,		-- Need OR
	upperLayerIndication-FR2-r15			ENUMERATED {true}		OPTIONAL		-- Need OR









Examples of various network and UE configurations and possible UE icon [1].
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And [1] has concerns for state 2 and state 4 configuration D to misrepresent 5G service.
Refer to following table from GSMA [3], SP-170850, 
[bookmark: _Ref497593156]UE state/indicator configuration matrix
	State
	Config. A
	Config. B
	Config. C
	Config. D

	1 (IDLE under or Connected to LTE cell not supporting NSA)
	4G
	4G
	4G
	4G

	2 (IDLE under or Connected to LTE cell supporting NSA and no detection of NR coverage)
	4G
	4G
	4G
	5G

	3 (Connected to LTE only under LTE cell supporting NSA and detection of NR coverage)
	4G
	4G
	5G
	5G

	4 (IDLE under LTE cell supporting NSA and detection of NR coverage)
	4G
	5G
	5G
	5G

	5 (Connected to LTE + NR under LTE cell supporting NSA)
	5G
	5G
	5G
	5G

	6 (IDLE under or connected to NG-RAN while attached to 5GC)
	5G
	5G
	5G
	5G



Discussion
Two examples in Figure 1 were given for when a 5G icon is displayed when it should not be. In Case 2, the 5G icon is incorrectly displayed when 5G is available in an FR1 band, but the UE only supports 5G in FR2. In Case 4, the 5G icon is incorrectly displayed when 5G is available in FR2, but the UE only supports 5G in FR1.   
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These examples don’t mean that there is a problem with the current one-bit upperLayerIndication, only with how some are proposing to use it. In SP-170850 [3] three of the four configurations require that the detection of an NR signal for displaying the 5G icon, as shown in Table 1. For Configuration A, B and C, the current 5G indicator works perfectly well. In order to save power, the UE doesn’t need to do a full scan for NR every DRX cycle. It can do a scan much less often to save power. Once it detects the appropriate NR signal it can periodically check to see that it is still in range.  
[bookmark: _Ref14446951] Table 1UE state/indicator configuration matrix from SP-170850 [3]
	State
	Config. A
	Config. B
	Config. C
	Config. D

	1 (IDLE under or Connected to LTE cell not supporting NSA)
	4G
	4G
	4G
	4G

	2 (IDLE under or Connected to LTE cell supporting NSA and no detection of NR coverage)
	4G
	4G
	4G
	5G

	3 (Connected to LTE only under LTE cell supporting NSA and detection of NR coverage)
	4G
	4G
	5G
	5G

	4 (IDLE under LTE cell supporting NSA and detection of NR coverage)
	4G
	5G
	5G
	5G

	5 (Connected to LTE + NR under LTE cell supporting NSA)
	5G
	5G
	5G
	5G

	6 (IDLE under or connected to NG-RAN while attached to 5GC)
	5G
	5G
	5G
	5G





There are still two additional problems. The first problem with the proposal is that if the upperLayerIndication was modified to indicate the frequency range(s) of the NR band that is available in the network, the UE still does not know if it supports the particular NR band. It may support a different NR band in the indicated frequency range, but not the one the network has deployed as shown in Figure 2.
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[bookmark: _Ref14448849]Figure 2UE supports NR in FR2 Band X, but the network has NR in FR2 band Y

One way to correct this would be to indicate the 5G band number(s) that are available in the SIB, not just the frequency ranges. However, given the large and growing number of NR bands, this would likely require more bits in the SIB than can reasonably be allocated for this purpose. 

Another problem is that even if the UE supported the NR band that is available in the network, there is no guarantee that the UE is in range of the NR signal. This especially true since the coverage of FR2 is quite limited compared to FR1. In this case the UE could display the 5G icon, even when it is out of range of the NR signal as shown in Figure 3. 
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[bookmark: _Ref14528752]Figure 3 mmW coverage much smaller than Sub 6 GHz LTE coverage
Conclusion
Contribution [1] asserts the upperLayerIndication IE is limited in its capability to signal for different Frequency Ranges (FR1, FR2) and combination of FR. However, the upperLayerIndication was only intended to indicate the anchor as EN-DC. The indication of EN-DC (upperLayerIndication=true), coupled with inherent Device knowledge of its state and connections provides the rest of the necessary pieces for the Device to accurately indicate 5G service availability regardless of FR.
Since the proposed Frequency Range enhancement to the upperLayerIndication only tells the frequency range of the 5G signal, and not the band number, it is of limited practical use compared to the existing 5G indicator. There is a simple work around to the supposed problem, and that is to only display the 5G icon when the upperLayerIndication is true and NR signal is detected by the UE. Measuring NR has been a point of concern for Device battery, however it seems possible once the UE has scanned and saw the NR signal once, it could periodically turn on the receiver to see if it is still in range.
The bar is high to justify changes to the Release 15 ASN.1 given Release 15 ASN.1 is frozen. In this case there is a simple work around to the supposed problem, and since the proposed solution doesn’t really solve the problem of the 5G icon being displayed when it should not be, the upperLayerIndication IE should be kept as is for Release 15.
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Figure 1 : 5G icon — FR1 only UE in different network configurations
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Figure 2 : 5G icon — FR2 only UE in different network configurations
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Figure 3 : 5G icon — FR1 & FR2 UE in different network configurations

FR1 only coverage

Case 7 : 5G icon correctly enabled

FR2 only coverage

ﬁ

Case 8 : 5G icon correctly enabled

FR1 and FR2 coverage

Case 9 : 5G icon correctly enabled





image4.png
Case 2 : 5G icon incorrectly displayed
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