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1 Introduction
In the last meeting the impact of possible mismatch between the eNB configured CE mode and the actual signal quality perceived by the UE was discussed in [1-2]. 
In this contribution we further analyse the impact on UE behaviour of the mismatch between the configured CE mode and the actual signal quality at the UE and propose a way forward.

2 Requirements Applicability for Different CE Modes
The following rules are specified in section 3.6.1 regarding the conditions under which the UE in RRC connected shall meet requirements for CE Mode A (normal coverage) and for CE Mode B (enhanced coverage): 
· The requirements for CEMode A shall apply provided the UE category M1 is configured with CEMode A, SCH Ês/Iot ( -6 dB and CRS Ês/Iot ( -6 dB.   The CEMode A and the number of repetition levels for different physical channels are defined in [3]. 
· The requirements for CEMode B shall apply provided the UE category M1 is configured with CEMode B, SCH  Ês/Iot ( -15 dB and CRS Ês/Iot ( -15 dB. The CEMode B and the number of repetition levels for different physical channels are defined in [3].
Based on the above rule the UE shall meet RRM requirements defined for normal coverage or for enhanced coverage when two conditions are met i.e.

· Normal coverage: when 1) configured mode is CE Mode A and 2) SCH and CRS Ês/Iot ( -6 dB
· Enhance coverage: when 1) configured mode is CE Mode B and 2) SCH and CRS Ês/Iot ( -15 dB
This is summarized in table 1. Table 1 also summarizes the remaining two cases 3 and 4 for which there are no requirements. 
Table 1: UE behaviour under different combinations of configured CE Mode and signal quality
	Cases
	Configured CE Mode
	Actual signal quality at UE
	UE behaviour

	1
	CE Mode A
	SCH and CRS Ês/Iot ( -6 dB
	UE shall meet RRM requirements for CE Mode A

	2
	CE Mode B
	SCH and CRS Ês/Iot ( -15 dB
	UE shall meet RRM requirements for CE Mode B

	3
	CE Mode A
	SCH and CRS Ês/Iot ( -15 dB
	Unspecified

	4
	CE Mode B
	SCH and CRS Ês/Iot ( -6 dB
	Unspecified


3 Modification of RRM Requirements in CE Mode B

In previous RAN4 meetings it has been discussed to modify the current CE Mode B RRM requirements in RRC connected state [2]. It has been proposed that these requirements should be applicable assuming serving and neighbour cells’ SCH and CRS Ês/Iot ( -15 dB. 
The network configured CE mode is applicable for the serving cell of the UE in RRC connected state. So for example if the UE is configured with CE Mode B then the UE can assume that the serving cell can be down to SCH and CRS Ês/Iot of -15 dB. However neighbour cell can still be much stronger. In a typical handover case the old serving cell is much weaker (i.e. in CE Mode B) while the target cell is much stronger (i.e. CE Mode A). Therefore the UE can assume that when configured with CE Mode B its serving cell Ês/Iot  ≥ -15 dB but the neighbour cell Ês/Iot could still be ≥ -6 dB. We therefore suggest that the existing RRM requirements for UE category M1 in CE Mode B (e.g. in Table 8.13.3.1.1.1-2 in Section 8.13.3.1 of TS 36.133) are modified according to table 2 below. The corresponding CR is provided in [3].
Table 2: Proposed Modifications to Conditions on SCH Ês/Iot for cell identification delay and measurement delay for FDD intrafrequency cell in Section 8.13.3.1
	Neighouring cell SCH Ês/Iot: Q2
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	-15≤ Q2 < -6
	As defined in table 8.13.3.1.1.1-1
	As defined in table 8.13.3.1.1.1-1

	Q2(-6
	Requirements in 8.13.2 apply
	Requirements in 8.13.2 apply


4 Mechanism to Update CE Mode

We agree not to specify any requirements for the cases 3 and 4 stated in table 1. But there should be viable mechanism available at the network to prevent these cases. The network configures the UE in RRC connected state with either CE mode A or with CE Mode B via RRC signalling on semi-static basis. This is typically done after setting up dedicated control channels. The network initially determines the CE mode typically based on the random access transmission procedure. In practice channel conditions experienced at the UE can change over time due to for example change in the radio conditions, load, UE mobility etc. This can cause mismatch between the configured CE mode and the actual value of the SCH and CRS Ês/Iot at the UE in the serving cell. Under several cases of such mismatch the UE is required to meet any RRM requirements. This in turn may result in the failure of several operations e.g. RLM, mobility etc. To prevent this situation the network is expect to reconfigure the UE with the new CE mode in case the SCH and CRS Ês/Iot levels have changed substantially resulting in the mismatch.  
One option for the network is to use UE reported RSRQ measured on the serving cell to update the CE Mode. This will typically require periodic RSRQ reporting, which will drain UE battery especially when the UE in enhanced coverage. Another major problem is that RSRQ and SCH and CRS Ês/Iot differ substantially. This is because CRS Ês/Iot is equivalent to RS-SINR which is not supported by eMTC device. The difference between RSRQ and CRS Ês/Iot estimated for the same cell is shown in table 3. The figures are based on RSRQ accuracy test case defined in A.9.2.1 in TS 36.133. There is also no linear relationship between RSRQ and SCH or CRS Ês/Iot. 
Table 3: Difference between RSRQ and CRS Ês/Iot. Source Table A.9.2.1.2-1 in TS 36.133
	Example
	RSRQ [dB]
	SCH or CRS Ês/Iot [dB]

	1
	-14.77
	-1.76

	2
	-16.76
	-4.7 

	3
	-17.34
	-5.46


Therefore currently there is no adequate tool to update the CE mode of the UE. Since normal and enhanced coverage levels are specified in terms of SCH and CRS Ês/Iot, therefore only the UE can correctly detect whether any of the cases 3 or 4 in table 1 occur. Therefore we suggest that under situations 1 and 2 in table 4, the UE recommends the network to change the CE Mode. It is up to the network whether it follows the UE recommendation or not. The signalling can be defined in Rel-14. A draft LS is provided in [4].
Table 4: Proposed UE recommendation when configured CE mode and actual quality don’t match
	No.
	Current configured CE Mode
	Signal quality at the UE
	Proposed UE Indication (new event)

	1
	CE Mode A
	SCH and CRS Ês/Iot < -6 dB
	Recommends to change the current CE Mode i.e. to CE Mode B

	2
	CE Mode B
	SCH and CRS Ês/Iot > -6 dB
	Recommends to change the current CE Mode i.e. to CE Mode A


5 Conclusion
In this paper we have analysed the UE behaviour in terms of requirement applicability for different combinations of the network configured CE mode and the actual signal quality (Ês/Iot) estimated at the UE. The following are the main proposals:

· Proposal 1: Modify the existing RRM requirements for UE category M1 in CE Mode B as follows: 
Table 2: Proposed Modifications to Conditions on SCH Ês/Iot for cell identification delay and measurement delay for FDD intrafrequency cell in Section 8.13.3.1
	Neighouring cell SCH Ês/Iot: Q2
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	-15≤ Q2 < -6
	As defined in table 8.13.3.1.1.1-1
	As defined in table 8.13.3.1.1.1-1

	Q2(-6
	Requirements in 8.13.2 apply
	Requirements in 8.13.2 apply


· Proposal 2: Send LS to RAN2 requesting them to specify UE signalling which allows UE to recommend the network to change CE Mode for the scenarios 1 and 2 in table 4 in Rel-14:
Table 4: Proposed UE recommendation when configured CE mode and actual quality don’t match
	No.
	Current configured CE Mode
	Signal quality at the UE
	Proposed UE Indication (new event)

	1
	CE Mode A
	SCH and CRS Ês/Iot < -6 dB
	Recommends to change the current CE Mode i.e. to CE Mode B

	2
	CE Mode B
	SCH and CRS Ês/Iot > -6 dB
	Recommends to change the current CE Mode i.e. to CE Mode A


The corresponding Rel-13 CR and the LS to RAN2 are provided in [3] and [4] respectively.

6 References
[1] R4-1701596, “Analysis of mismatch between configured CE mode and Signal quality in eMTC”, Ericsson.
[2] R4-1701391, “CR on eMTC measurement requirement R13”, Huawei, HiSilicon.

[3] R4-1703131, “Correction to CONNECTED mode Cat-M1 requirements”, Ericsson.

[4] R4-1703349, “LS on mismatch between configured CE mode and Actual CRS Es/Iot”, Ericsson.
PAGE  
4

