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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

· Feedback based on CSI-RS

· ETWS/CMAS in connected mode



For enhancements to idle mode mobility, following agreement was made in RAN2#107 [2]:

	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.


During RAN2#107bis [3] and RAN2#108 [4], there was lots of discussion, but no consensus was made. In this paper, we discuss above issues further.

2 Discussion
In previous meetings, we proposed a non-BL UE that fulfills S criteria for normal coverage should be allowed to consider itself to be in enhanced coverage. The following concerns were raised by companies:
1) Impact on the network performance
It has been suggested that this will affect the network performance and spectral efficiency. However, we have had BL UEs since Rel-13 which work on narrowband in normal coverage. The network controls the scheduling of the UE in RRC_CONNECTED so no impact is foreseen on performance or spectral efficiency in this case. This improvement applies only to RRC_IDLE. To support BL/CE UEs in RRC_IDLE today, the network must broadcast BR version of the SIBs, therefore no impact is foreseen here either.  
Observation1: There is no impact on the network performance and spectral efficiency when non-BL UE in normal coverage operates on narrowband.
2) Complexity for the UE

It has been suggested that the proposed operation may increase UE complexity since the UE may need to maintain up to date system information for both normal and enhanced coverage, implying some complexity in order to monitor SI change indication for both sets of SI. However, it can be observed that the contents of normal and BL versions of system information is practically identical. Therefore if any content changes, which in itself is not a frequent event, then the network will have to page UEs in both normal and enhanced coverage. A UE which has chosen to camp in enhanced coverage should in this case then attempt to check whether the system information is valid in normal and enhanced coverage. As such, we do not see any complexity or significant overhead for maintaining up to date system information or monitoring for SI change. 
Observation2: There is no significant complexity or overhead maintaining up to date system information for both normal and enhanced coverage when the UE is in normal coverage and operates in enhanced coverage.
3) No benefit

Non-BL UEs do not always have a large amount of data to transmit, e.g. the periodic keep-alive packet used by many applications is relatively small. The UE does not need to switch from narrowband to wideband. In RRC Idle mode, the gain is obvious as the UE can monitor MPDCCH on narrowband rather than monitoring PDCCH on wide band. 
In [5], based on data from field, NW on an average allocated 6 PRBs or less over a 20 MHz carrier bandwidth for about 85% of time on UL and about 50% of time on DL. That means UEs can satisfy the service requirements in a majority of scenarios with a smaller carrier bandwidth. In addition 13% power saving gain was observed from camping in BR mode compared to normal mode.
Observation3: Non-BL UEs can benefit from narrowband operation for power saving, e.g. MPDCCH monitoring for paging etc.
4) Impact to upper layers and paging
Since Rel-13, the UE does not notify the coverage enhancement level change. The NW has to support paging on normal and enhanced coverage, since it is not known to the network whether the UE has moved from normal to enhanced coverage or vice-versa. For non-BL UEs, the NW may tend to page the UEs with normal coverage mode i.e. on PDCCH first. In order to improve the paging performance, we additionally proposed that the UE can report its preference (capability). When paging occurs, the CN can deliver the UE preference to the eNB, so that the eNB pages the UE with the preferred operation mode.  Alternatively, as proposed in [6] and [7], the NW can control the UE behavior, e.g. indicate whether non-BL UEs is allowed to operate on narrowband when S criteria of normal coverage is fulfilled. If allowed, the eNB can first page the non-BL UEs in narrowband. Even with no enhancement, it is still up to the network to attempt paging in the most likely coverage, e.g. last known coverage level in order to make paging as efficient as possible, and the presence of UEs with a preference to camp in enhanced coverage can be taken into account. Overall there is no significant impact to the overall paging functionality, the efficiency can be ensured with smart network implementation and can even be improved if the UE preference/capability is introduced. 
Observation4: No significant impact to upper layers or paging performance is foreseen, and can even be improved.

5) Impact to cell reselection

During email discussion, the cell reselection issue due to enhanced coverage operation and normal coverage operation was raised. In normal coverage, the inter-frequency prioritization will be applied for cell reselection. This is not applicable for enhanced coverage operation. When a non-BL UE selects enhanced coverage operation while it is actually in normal coverage, if the legacy rules are applied then the UE will not use absolute priorities. In Rel-13, ranking is instead used for enhanced coverage to ensure the cell with the best radio conditions is selected, regardless of coverage. It seems reasonable to use absolute priorities in this scenario when the UE actually has good coverage. In addition, in standalone deployment, BL UE or non-BL UE has to consider itself to be in enhanced coverage even S criteria of normal coverage is fulfilled. In this case, the UE should use absolute priorities rather than ranking, as discussed and proposed in [8]. We propose the non-BL UE camping on enhanced coverage when the normal coverage S criteria is met also uses absolute priorities.
In [8], we proposed to differentiate “in enhanced coverage” and “consider itself to be in enhanced coverage”. For non-BL UE improvement, the UE does consider itself to be in enhanced coverage rather than in enhanced coverage actually. Therefore, there is no additional impact to section 5.2.4.6a of TS 36.304, compared to what is needed for standalone operation. 
	5.2.4.6a
Reselection for enhanced coverage

Ranking as defined in sub-clause 5.2.4.6 is applied for intra-frequency and inter-frequency cell reselection (irrespective of configured frequency priorities, if any) while the UE is in enhanced coverage.


Observation5: No impact is foreseen on cell reselection from non-BL UE improvement.
Taking the above discussion and observations into account, we propose:

Proposal1: Non-BL UE is allowed to camp on enhanced coverage mode when S criteria for normal coverage is fulfilled.

Proposal2: NW control can be discussed further.
Proposal3: Absolute priorities rather than ranking applies for non-BL UEs using enhanced coverage when S criteria for normal coverage is fulfilled.
Following TP for TS 36.321 based on the latest running CR is provided for proposal 1:

	5.2.3.2
Cell Selection Criterion

<Omitted>

If cell selection criteria S in normal coverage is fulfilled for a cell, UE [may] consider itself to be in enhanced coverage if SystemInformationBlockType1 cannot be acquired but UE is able to acquire MasterInformationBlock, SystemInformationBlockType1-BR and SystemInformationBlockType2.
<Omitted>


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: There is no impact on the network performance and spectral efficiency when non-BL UE in normal coverage operates on narrowband.

Observation2: There is no significant complexity or overhead maintaining up to date system information for both normal and enhanced coverage when the UE is in normal coverage and operates in enhanced coverage.
Observation3: Non-BL UEs can benefit from narrowband operation for power saving, e.g. MPDCCH monitoring for paging etc.

Observation4: No significant impact to upper layers or paging performance is foreseen, and can even be improved.

Observation5: No impact is foreseen on cell reselection from non-BL UE improvement.
Proposal1: Non-BL UE is allowed to camp on enhanced coverage mode when S criteria for normal coverage is fulfilled.

Proposal2: NW control can be discussed further.
Proposal3: Absolute priorities rather than ranking applies for non-BL UEs using enhanced coverage when S criteria for normal coverage is fulfilled.

4 Reference

[1] RP-192875, Revised WID Additional MTC enhancements for LTE, Ericsson
[2] R2-1912001, Report of 3GPP TSG RAN2#107 meeting, Prague, Czech Republic, 26 – 30 August, 2019

[3] R2-1914301, Report of 3GPP TSG RAN2#107bis meeting, Chongqing, China, 14 – 18 October, 2019
[4] R2-2000009, Report of 3GPP TSG RAN2#108 meeting, Reno, USA, 18 – 22 November, 2019

[5] R2-1915883, Improvements for non-BL UEs camping in CE Mode, Apple Inc.

[6] R2-1912908, Remaining issue of non-BL UE enhancement, ZTE Corporation, Sanechips

[7] R2-1914861, Non-BL UE in normal and enhanced coverage, Intel Corporation
[8] R2-2001070, Remaining issue on standalone deployment, Huawei, HiSilicon

4/4


