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1 Introduction
The following objective is in the scope of Rel-16 additional enhancement of MTC [1]:
	Extreme coverage for non-BL UEs:

· Specify CE mode A and B improvements for non-BL UEs from among the following list[RAN1, RAN2, RAN4]

· Enhancements to idle mode mobility

· UE demodulation performance requirements for 2 RX antennas and full duplex FDD

· Dual layer DL reception

· Feedback based on CSI-RS

· ETWS/CMAS in connected mode



For enhancements to idle mode mobility, following agreement was made in RAN2#107:

	Agreement in RAN2#107

· FFS if, from Rel-16, it should be possible for a non-BL UE that fullfills S criteria for normal coverage to camp in a “normal” cell, i.e. not standalone, in enhanced coverage.

· This discussion will continue as part of the AI 12.1.8 Improvements for non-BL UEs.


In this paper, we discuss above issues further.

2 Discussion
In non-standalone deployment, since Rel-13, non-BL UEs in CE mode basically have the same features as BL UEs. That means, non-BL UEs can monitor either PDCCH or MPDCCH. In Rel-15 and earlier releases, the operation mode, i.e. whether monitoring PDCCH in normal coverage mode or monitoring MPDCCH in enhanced coverage mode, is determined based on RSRP. Alternatively, non-BL UEs in normal coverage (i.e. with high RSRP) could operate in CE mode to improve UE performance, e.g. higher reliability and more power saving. 

One use case is that non-BL UEs with high RSRP receive system information and paging by monitoring MPDCCH on the narrowband without repetitions. Without repetitions, normal coverage and enhanced coverage are comparable in terms of power consumption, but considering narrowband operation, non-BL UEs can save power by monitoring on narrowband compared to wideband operation. The drawback is the paging capacity in the narrowbands may decrease since non-BL UEs in normal coverage may operate in CE mode. Considering eMTC system supports a massive number of connections, minimal impact is foreseen from non-BL UEs.
Observation1: non-BL UEs in normal coverage operating in coverage enhancement mode benefit for UE power saving.
Proposal1: Non-BL UEs with S criterion in normal coverage fulfilled are allowed to (may) camp in coverage enhancement mode.
Since Rel-13, the NW is not aware of the UE operation mode i.e. in CE mode or NC mode. The NW may page the UE with CE mode and NC mode. For example, if the NW doesn’t page the UE successfully in NC mode, the NW can page the UE again using CE mode. This will increase the paging load in the NW. To address this issue, one option is for the UE to report its operation mode if changed. This will increase the UE power consumption and signaling overhead. However, if a non-BL UE reports its preference of camping on CE mode regardless of in enhanced coverage or in normal coverage, the NW can always page the UE in CE mode. This will reduce the paging load and latency.
Observation2: It is beneficial in paging load and latency for non-BL UEs to reports their preference of camping on CE mode.

Proposal2: Non-BL UEs can report their preference of camping on CE mode even when S criterion in normal coverage is fulfilled.
As we have discussed in RAN2#105 meeting, companies seems have the common understanding that the intended UE behaviors should be that non-BL UE supporting CE mode can operate either in CE mode or NC mode in IDLE mode, regardless of the condition when performing cell selection. However, if the UE reports a preference for camping in CE mode, and the NW uses this to decide to page only in CE mode, then UE must be required to camp in CE mode otherwise paging will be missed.

Proposal 3: There should be no requirement for UE to operate in either NC mode or CE mode in IDLE mode after cell selection, but if the UE reports a preference for camping in CE mode then it must behave according to the indicated preference (i.e. be required to camp in CE mode).
In the TS 36.304, there is only the statement about whether normal coverage or enhanced coverage is to be considered, when UE performs cell selection.

	If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled, where:

Qrxlevmin
UE applies coverage specific value Qrxlevmin_CE (dBm)

Qqualmin
UE applies coverage specific value Qqualmin_CE (dB)

If cell selection criterion S in normal coverage is not fulfilled for a cell and UE does not consider itself in enhanced coverage based on coverage specific values Qrxlevmin_CE and Qqualmin_CE, UE shall consider itself to be in enhanced coverage if UE supports CE Mode B and CE mode B is not restricted by upper layers and the cell selection criterion S for enhanced coverage is fulfilled, where:

Qrxlevmin
UE applies coverage specific value Qrxlevmin_CE1 (dBm)

Qqualmin
UE applies coverage specific value Qqualmin_CE1 (dB)

For the UE in enhanced coverage, coverage specific values Qrxlevmin_CE and Qqualmin_CE (or Qrxlevmin_CE1 and Qqualmin_CE1) are only applied for the suitability check in enhanced coverage (i.e. not used for measurement and reselection thresholds).


In summary, UE only considers itself in enhanced coverage based on the cell selection criterion S.

As specified in TS 36.331, UE only considers itself in enhanced coverage as specified in TS 36.304.
	The Bandwidth reduced Low Complexity (BL) UEs and UEs in Coverage Enhancement (CE) apply Bandwidth Reduced (BR) version of the SIB, posSIB or SI messages. A UE considers itself in enhanced coverage as specified in TS 36.304 [4]. In this and subsequent clauses, anything applicable for a particular SIB, posSIB or SI message equally applies to the corresponding BR version unless explicitly stated otherwise.


Observation 3: In the current specification, UE only considers itself in enhanced coverage based on the cell selection criterion S.

In addition, UE has to apply the BR version of SIB if UE is in enhanced coverage as specified in TS 36.331.
	The Bandwidth reduced Low Complexity (BL) UEs and UEs in Coverage Enhancement (CE) apply Bandwidth Reduced (BR) version of the SIB, posSIB or SI messages. A UE considers itself in enhanced coverage as specified in TS 36.304 [4]. In this and subsequent clauses, anything applicable for a particular SIB, posSIB or SI message equally applies to the corresponding BR version unless explicitly stated otherwise.


In that case, in idle mode, if UE camps on the cell by considering itself in normal coverage, UE has to acquire both BR version of SIB and legacy LTE SIB after cell selection, in order to achieve the switching between NC and CE without re-acquiring the SIB. For example, in idle mode, the UE prefers camping on CE mode, after receiving paging, the UE accesses the NW via NC mode.
Proposal 4: RAN2 confirms that UE can acquire both versions of SIB, after cell selection, in order to achieve the switching between NC mode and CE mode without re-acquiring the SIB in IDLE mode.
In the previous meeting, a question was raised on whether there is an issue on the SI change: Since the UE will store two versions of SI, when the UE camps on CE mode, it should be possible to notify the UE the change in the SI of NC mode, and vice-versa. SI change is a rare event, and most of the content of SI in enhanced coverage and normal coverage is the same, so the network would anyway have to inform UEs in both EC and NC of the change.

Should non-BL UEs be allowed to camp in enhanced coverage even when the suitability criterion for normal coverage is met, and in the rare case that the network updates some parameters in only EC or NC SIBs, the network can ensure these UEs are informed of the change in SI by sending SI change notification in both normal coverage and enhanced coverage. The non-BL UE camping on CE mode should update both versions of the SI.
Proposal5: When the non-BL UE camps in CE mode, UE updates both EC and NC versions of the SIB when SI change notification is received.
3 Conclusion
In this document we discussed the enhancements to idle mode mobility and ETWS/CMAS in connected mode, and made following observations and proposals:
Observation1: non-BL UEs in normal coverage operating in coverage enhancement mode benefit for UE power saving and transmission reliability.

Observation2: It is beneficial in paging load and latency for non-BL UEs to reports their preference of camping on CE mode.

Observation3: In the current specification, UE only considers itself in enhanced coverage based on the cell selection criterion S.

Proposal1: Non-BL UEs with S criterion in normal coverage fulfilled are allowed to (may) camp in coverage enhancement mode.
Proposal2: Non-BL UEs can report their preference of camping on CE mode even when S criterion in normal coverage is fulfilled.
Proposal3: There should be no requirement for UE to operate in either NC mode or CE mode in IDLE mode after cell selection, but if the UE reports a preference for camping in CE mode then it must behave according to the indicated preference (i.e. be required to camp in CE mode).
Proposal4: RAN2 confirms that UE can acquire both versions of SIB, after cell selection, in order to achieve the switching between NC mode and CE mode without re-acquiring the SIB in IDLE mode.
Proposal5: When the non-BL UE camps in CE mode, UE updates both EC and NC versions of the SIB when SI change notification is received.
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