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Introduction
Since standardization for Rel-16 kicked off, the following were agreed in RAN2 for the Rel-16 work item Stand-alone deployment.
	RAN2#103bis agreements:
The standalone deployment supports legacy operations for legacy BL UEs or UEs in CE mode.
LTE control channel region for DL transmission is supported for Rel-16 BL UEs and UEs in CE mode.

RAN2#104 agreements: None.

RAN2#105 agreements:
Rel-16 non-BL UEs supporting CE mode can operate in CE mode in both idle and connected mode in standalone deployment regardless of whether criterion S for normal coverage is fulfilled.
FFS if legacy non-BL UEs supporting CE mode can operate in CE mode in both idle and connected mode in standalone deployment regardless of whether criterion S for normal coverage is fulfilled.
Introduce signalling in SIB1-BR to enable using the LTE control channel region for broadcast transmission assuming that only an indicator is needed.
FFS: Introduce signalling in a dedicated message to enable using the LTE control channel region for DL unicast transmission.
Introduce UE capability to indicate that UE supports unicast PDSCH reception in LTE control channel region.



In this paper, we discuss an issue that we think may arise as a consequence of non-BL UE operating in CE mode in the same standalone cell as other BL UE.
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Spec Background (TS 36.321)
Normal coverage for a UE, regardless of whether it is a non-BL or BL UE, is governed by the following equations in [1].
The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0 AND Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 36.331 [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN TS 23.122 [5]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN TS 23.122 [5]

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
if PPowerClass is 14 dBm:
max(PEMAX1 –(PPowerClass – Poffset), 0) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 36.101 [33]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101 [33]



For determining normal coverage for non-BL UE operating in WB mode, Q_rxlevmin and Q_qualmin are provided in and read from SIB1. Similarly, these two parameters are also provided for determining normal coverage for BL UE in SIB1-BR.
SystemInformationBlockType1-BR-r13 ::=	SystemInformationBlockType1

SystemInformationBlockType1 ::=		SEQUENCE {
...
	cellSelectionInfo					SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		q-RxLevMinOffset					INTEGER (1..8)			OPTIONAL	-- Need OP
	},
	p-Max								P-Max						OPTIONAL,			-- Need OP
...
CellSelectionInfo-v920 ::=			SEQUENCE {
	q-QualMin-r9						Q-QualMin-r9,
	q-QualMinOffset-r9					INTEGER (1..8)						OPTIONAL	-- Need OP
}
...
}

In enhanced coverage under CE Mode A, the values Q_rxlevminCE and Q_qualminCE are used in place of Q_rxlevmin and Q_qualmin respectively. Similarly, in enhanced coverage under CE Mode B, the values Q_rxlevminCE1 and Q_qualminCE1 are used. These CE-mode-specific values provided only in SIB1-BR.
SystemInformationBlockType1-v1310-IEs ::=	SEQUENCE {
	hyperSFN-r13								BIT STRING (SIZE (10))		OPTIONAL,	-- Need OR
	eDRX-Allowed-r13							ENUMERATED {true}			OPTIONAL,	-- Need OR
	cellSelectionInfoCE-r13					CellSelectionInfoCE-r13	OPTIONAL,	-- Need OP
	...
}

SystemInformationBlockType1-v1350-IEs ::=	SEQUENCE {
	cellSelectionInfoCE1-r13				CellSelectionInfoCE1-r13	OPTIONAL,	-- Need OP
	nonCriticalExtension					SystemInformationBlockType1-v1360-IEs				OPTIONAL
}

CellSelectionInfoCE-r13 ::=		SEQUENCE {
	q-RxLevMinCE-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE-r13			Q-QualMin-r9						OPTIONAL	-- Need OR
}

CellSelectionInfoCE1-r13 ::=		SEQUENCE {
	q-RxLevMinCE1-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE1-r13			Q-QualMin-r9						OPTIONAL	-- Need OR
}


	SystemInformationBlockType1 field descriptions

	cellSelectionInfoCE
Cell selection information for BL UEs and UEs in CE. If absent, coverage enhancement S criteria is not applicable. NOTE 3.

	cellSelectionInfoCE1
Cell selection information for BL UEs and UEs in CE supporting CE Mode B. E-UTRAN includes this IE only if cellSelectionInfoCE is present in SystemInformationBlockType1-BR. NOTE 3.



NOTE 3:	E-UTRAN configures this field only in the BR version of SIB1 message.
As a result of the current spec, non-BL in WB mode and BL UE look at different coverage thresholds (in SIB1 and SIB1-BR respectively) for evaluating normal coverage. However, both non-BL and BL UE evaluate enhanced coverage in CE Modes A and B based on the same coverage thresholds (provided only in SIB1-BR). We also note that non-BL UE with the capability of operating in either WB or BR mode is not required to read and monitor both SIB1 and SIB1-BR at the same time, only the SIB appropriate to the current mode of operation.
Observation 1: In order to determine normal coverage, non-BL UE operating in WB mode monitor SIB1, while BL-UE monitor SIB1-BR.
Observation 2: In order to determine enhanced coverage, both non-BL UE and BL UE read the same thresholds provided in SIB1-BR.
Furthermore, in light of the agreements made at RAN2#105 for standalone deployment, there will be cases where non-BL UE are operating in CE Mode alongside BL UE in CE Mode within the same cell, and as an operator we will be unable to optimize the thresholds between these two types of UE. This may lead to the following issues described below.
Issues Foreseen Using Common Coverage Thresholds in CE Mode
Assume that a non-BL UE operates with a maximum transmission power output of 23 dBm (Power Class 3), and a BL UE operates with a maximum transmission power output of 20 dBm (Power Class 5). 
In a cell populated solely by BL-UE, the coverage area might look something like this. The coverage thresholds for normal and enhanced coverage exist only in SIB1-BR, and so as an operator we can tune those thresholds appropriately.
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Figure 1: Coverage area for BL-UE on their own.
Similarly, in a cell populated solely by non-BL UE operating in WB mode, the UE determine whether or not they are in normal coverage based on the thresholds in SIB1. If the UE need to switch over to CE mode, then they determine their coverage based on the CE/CE1 parameters in SIB1-BR. Because they have a higher power class to begin with, the coverage area is wider than that of the BL UE in Figure 1. 
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Figure 2: Coverage area for non-BL UE on their own.
When both of the above UE are put together into the same cell and are both operating in CE Mode, then we foresee running into the following issues because both kinds of UE will determine their enhanced coverage based on the same shared thresholds in SIB1-BR.
CE Mode Thresholds Aligned to Low-power BL UE
Suppose that we align the coverage thresholds in enhanced coverage to that of the low-power BL UE.
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Figure 3: CE Mode coverage thresholds aligned to BL UE, causing issues for non-BL UE.
When it switches to CE Mode, the non-BL UE reads the thresholds that have been tuned and optimized for low-power BL UE. The first issue that may arise in this scenario is marked by (1): the non-BL UE would normally be able to reach the cell by using a number of repetitions appropriate to CE Mode A, but since the thresholds provided by the cell tell it to use CE Mode B, the non-BL UE operates with further reduced bandwidth than it needs to. The second and more serious issue that may arise is marked by (2): based on the received thresholds, the UE believes itself to be out of coverage, when it would actually be able to reach the cell in CE Mode B.
CE Mode Thresholds Aligned to High-power non-BL UE
If we flip the previous scenario and align the thresholds to the high-power non-BL UE, then the following issues arise for the BL UE.
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Figure 4: CE Mode coverage thresholds aligned to non-BL UE, causing issues for BL UE.
In this situation, when operating in CE Mode, the BL UE reads the thresholds that have been tuned and optimized for high-power non-BL UE. The first issue that may arise in this scenario is marked by (3): the BL UE reads the thresholds set in SIB1-BR and believes that it can reach the cell using only a number of repetitions appropriate to CE Mode A, but because of its lower power class, in actuality it should be using a much higher number of repetitions appropriate to CE Mode B; as a result it is unable to reach the cell despite indicating to its user that it is in enhanced coverage. The more serious issue is marked by (4): the UE indicates to its user that it is still within enhanced coverage, when in actuality it is entirely out of coverage; any attempts to reach the cell, even with the maximum number of repetitions available to the UE, would be unsuccessful despite what may be indicated by the broadcasted coverage thresholds.
Observation 3: Because the coverage thresholds for CE mode are shared between non-BL UE and BL UE, there may be scenarios where enhanced coverage in the cell cannot be optimized properly by operators.
Proposed Solutions
To avoid the issues discussed above, we think that non-BL UE should have separate coverage thresholds when operating in enhanced coverage, in order to allow operators to more efficiently optimize coverage in standalone cells between non-BL UE and BL UE. We propose three options as below, but are also open to other suggestions.
[bookmark: _GoBack]At the very least we could consider making a simple division between non-BL and BL UE, wherein BL UE would simply continue reading the legacy coverage thresholds in CE Mode, while non-BL UE would read non-BL-only parameters as suggested in red below.
CellSelectionInfoCE-r13:=		SEQUENCE {
	q-RxLevMinCE-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE-r13			Q-QualMin-r9,						OPTIONAL	-- Need OR,
	q-RxLevMinCE-nonBL-r16		Q-RxLevMin,
	q-QualMinRSRQ-CE-nonBL-r16		Q-QualMin-r9						OPTIONAL	-- Need OR
}

CellSelectionInfoCE1-r13:=		SEQUENCE {
	q-RxLevMinCE1-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE1-r13			Q-QualMin-r9,						OPTIONAL	-- Need OR
	q-RxLevMinCE1-nonBL-r16			Q-RxLevMin,
	q-QualMinRSRQ-CE1-nonBL-r16		Q-QualMin-r9						OPTIONAL	-- Need OR
}
Proposal 1a: Additional coverage parameters shall be provided in SIB1-BR based on whether the UE is non-BL UE or BL UE operating in enhanced coverage.
If the power classes between the different categories for Rel-16 MTC UE are relatively aligned with one another, then we could also consider adding additional thresholds based on the UE category as follows, which we think would allow operators to control coverage with finer granularity than for Proposal 1a.
CellSelectionInfoCE-r13:=		SEQUENCE {
	q-RxLevMinCE-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE-r13			Q-QualMin-r9,						OPTIONAL	-- Need OR,
	q-RxLevMinCE-Cat1-r16			Q-RxLevMin,
	q-RxLevMinCE-Cat1bis-r16		Q-RxLevMin,
	q-RxLevMinCE-CatM-r16			Q-RxLevMin,
	q-QualMinRSRQ-CE-Cat1-r16		Q-QualMin-r9,						OPTIONAL	-- Need OR,
	q-QualMinRSRQ-CE-Cat1bis-r16	Q-QualMin-r9,						OPTIONAL	-- Need OR,
	q-QualMinRSRQ-CE-CatM-r16		Q-QualMin-r9						OPTIONAL	-- Need OR
}

CellSelectionInfoCE1-r13:=		SEQUENCE {
	q-RxLevMinCE1-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE1-r13			Q-QualMin-r9						OPTIONAL	-- Need OR,
	q-RxLevMinCE1-Cat1-r16			Q-RxLevMin,
	q-RxLevMinCE1-Cat1bis-r16		Q-RxLevMin,
	q-RxLevMinCE1-CatM-r16			Q-RxLevMin,
	q-QualMinRSRQ-CE1-Cat1-r16		Q-QualMin-r9,						OPTIONAL	-- Need OR,
	q-QualMinRSRQ-CE1-Cat1bis-r16	Q-QualMin-r9,						OPTIONAL	-- Need OR,
	q-QualMinRSRQ-CE1-CatM-r16		Q-QualMin-r9						OPTIONAL	-- Need OR
}
Proposal 1b: Additional coverage parameters shall be provided in SIB1-BR for UE operating in enhanced coverage based on the UE category.
We could also consider dividing based on the power class of the UE as follows, which again, we think would allow operators to control coverage with finer granularity than for Proposal 1a.
CellSelectionInfoCE-r13:=		SEQUENCE {
	q-RxLevMinCE-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE-r16			Q-QualMin-r9						OPTIONAL	-- Need OR,
	q-RxLevMinCE-PowerClass3-r16	Q-RxLevMin,
	q-RxLevMinCE-PowerClass5-r16	Q-RxLevMin,
	q-RxLevMinCE-PowerClass6-r16	Q-RxLevMin,
	q-QualMinRSRQ-CE-PowerClass3-r16 	Q-QualMin-r9,					OPTIONAL	-- Need OR,
	q-QualMinRSRQ-CE-PowerClass5-r16	Q-QualMin-r9,					OPTIONAL	-- Need OR,
	q-QualminRSRQ-CE-PowerClass6-r16	Q-QualMin-r9					OPTIONAL	-- Need OR
}

CellSelectionInfoCE1-r13:=		SEQUENCE {
	q-RxLevMinCE1-r13				Q-RxLevMin,
	q-QualMinRSRQ-CE1-r13			Q-QualMin-r9						OPTIONAL	-- Need OR,
	q-RxLevMinCE1-PowerClass3-r16	Q-RxLevMin,
	q-RxLevMinCE1-PowerClass5-r16	Q-RxLevMin,
	q-RxLevMinCE1-PowerClass6-r16	Q-RxLevMin,
	q-QualMinRSRQ-CE1-PowerClass3-r16 	Q-QualMin-r9,					OPTIONAL	-- Need OR,
	q-QualMinRSRQ-CE1-PowerClass5-r16	Q-QualMin-r9,					OPTIONAL	-- Need OR,
	q-QualminRSRQ-CE1-PowerClass6-r16	Q-QualMin-r9					OPTIONAL	-- Need OR
}
Proposal 1c: Additional coverage parameters shall be provided in SIB1-BR for UE operating in enhanced coverage based on the power class.
Some companies pointed out that it seems like the power class of the UE is already being taken into account in the coverage equation in the form of Pcompensation. However, we checked this with our RAN4 colleagues, and our understanding is that this compensation factor is for an unrelated issue, namely complying with additional per-band power emission requirements.
Conclusion
The following are observed based on the discussion above.
Observation 1: In order to determine normal coverage, non-BL UE operating in WB mode monitor SIB1, while BL-UE monitor SIB1-BR.
Observation 2: In order to determine enhanced coverage, both non-BL UE and BL UE read the same thresholds provided in SIB1-BR.
Observation 3: Because the coverage thresholds for CE mode are shared between non-BL UE and BL UE, there may be scenarios where enhanced coverage in the cell cannot be optimized properly by operators.
The following are proposed based on the discussion above.
Proposal 1a: Additional coverage parameters shall be provided in SIB1-BR based on whether the UE is non-BL UE or BL UE operating in enhanced coverage.
Proposal 1b: Additional coverage parameters shall be provided in SIB1-BR for UE operating in enhanced coverage based on the UE category.
Proposal 1c: Additional coverage parameters shall be provided in SIB1-BR for UE operating in enhanced coverage based on the power class.
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