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1	Introduction
The Rel-16 WI on “Additional MTC enhancements for LTE” [1] has the following objectives on stand-alone deployment for LTE-MTC:
	Stand-alone deployment:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.



In RAN1#94bis it is clarified that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier. 
In RAN1#96 it was agreed to configure the use of the control region for PDSCH and MPDCCH in SIB1-BR.
RAN2#103bis, RAN2#105 and RAN2#105bis made the following agreements [2]: 
	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.

RAN2#105bis agreements:
· RAN2 agrees with the intention that non-BL UEs should be able to camp in a standalone cell when it is not possible to acquire SIB1.
RAN2#106 agreements: None.



In this contribution we discuss the current behavior defined in the specifications and the possible modifications and clarification that can be added for the correct behavior of all kinds of UEs. We also discuss few aspects related to feature and capability signaling and a possible solution for a particular scenario where the performance is suboptimal highlighted in previous meetings.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk4157196]2.1	Signalling in SI
This WI objective aims to enable the possibility to operate LTE-M standalone cells where only BL UEs and UEs that support CE can camp on. Since LTE specific physical channels, such as PDCCH, are not transmitted, the control region of each subframe is then free to be used for transmission of user data or other signalling. Also, based on the discussion in previous meetings, there should be no need to transmit SIB1 in such cells.
In [5] it is proposed to add an indication in MIB notifying that SIB1 is not transmitted in the current cell. It is claimed that this indication, apart from signalling that the cell is LTE-M standalone, would allow an easier cell selection procedure preventing the non-BL UEs to attempt the decoding of SIB1 and possibly considering the cell as barred.
We think that the current standard does not prevent non-BL UEs to select an LTE-M Standalone cell for camping if only SIB1-BR can be decoded, but it would be good if this aspect is clarified (for further details see Section 2.2). For this reason, an indication in MIB is not strictly necessary, and thus it should be avoided since MIB bits are valuable. Finally, a modification of the MIB would impact only Rel-16 UEs.
[bookmark: _Toc16799684]An indication in MIB for serving cell being LTE-M standalone would inform only Rel-16 UEs and thus is not necessary. 
In RAN1 and RAN2, it was agreed to introduce an indication in SIB1-BR to indicate that the cell is a LTE-M standalone cell. Specifically, the indication expresses the possibility to use the control region for broadcast transmissions and/or PDSCH and MPDCCH transmission (pending RAN1 agreements on the details); if present, it indicates the cell being LTE-M standalone.
For cell reselection procedure, the information to apply the S-criterion on neighbour cells are provided by the serving cell. In particular, the information is transmitted in SIB5 for inter-frequency cell reselection and in SIB4 for intra-frequency cell reselection.
Similarly to what is mentioned above, and to implement the cell reselection procedure proposed in Section 2.2, it is necessary to have an indication related to the neighbour cells being LTE-M standalone. 
[bookmark: _Toc16799679]Indication whether a neighbouring cell is a LTE-M standalone cell should be provided in SIB4 and SIB5.
2.2	Behaviour of non-BL UEs
One of the main concerns has been related to the behaviour of legacy non-BL UEs trying to camp in an LTE-M standalone cell, specifically whether or not they will consider the cell as barred after failing to decode SIB1.
In TS 36.331 it is specified that if a UE not in CE is unable to acquire SIB1 it should treat the cell as barred. Nevertheless, during initial cell selection, the UE is neither in CE nor in normal coverage before applying the S-Criterion, and for applying S-Criterion either SIB1 or SIB1-BR decoding would be needed. Therefore, it is reasonable to assume that a non-BL UE will attempt to decode both SIB1 and SIB1-BR during cell (re)selection.
It is common understanding that a legacy non-BL UE would ultimately camp in a standalone cell transmitting only SIB1-BR, even though it is not clear in the specifications if, once SIB1-BR is acquired and the outcome of the S-Criterion indicates “normal coverage”, this would mean that the cell should be treated as barred. There seems to be a need to clarify the intended behaviour for this case.
[bookmark: _Toc16799685]There is a need to clarify the intended behaviour for non-BL UEs that support CE when SIB1-BR is successfully decoded whereas decoding SIB1 fails. 
In TS 36.304 several behaviours are specified in case cell is considered barred due to failed decoding of SIB1 or SIB1-BR while in normal coverage or extended coverage, respectively. A non-BL UE that supports CE should be allowed to camp in the cell in extended coverage if SIB1-BR and SIB2-BR are decoded successfully regardless of decoding of SIB1 fails (i.e., when the UE would try to camp in normal coverage). In order to align the UE behaviour in the relevant contexts we provide a text proposal for TS 36.304 in [4]. 
[bookmark: _Toc16799680]If cell selection criteria in normal coverage is fulfilled and SIB1-BR is decoded but SIB1 cannot be decoded, non-BL UE supporting CE is allowed to camp in the cell in enhanced coverage.
In the same way it should be highlighted that an early implementation of this requirement is possible as required by the WID in [1]:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.

[bookmark: _Toc16799686]Early-implementation of such behaviour for non-BL UEs that support CE should be possible.
In the previous meetings concern has been raised for non-BL UEs camping in a standalone cell in enhanced coverage when not needed. A UE may end up camping in the standalone cell, due to higher ranking compared to the neighbouring cells, even though it would be possible for the UE to fulfil the S-criterion for normal coverage in a neighbour non-standalone cell. If the UE could camp in the non-standalone cell, it could use more advanced features such as broadcast/multicast in idle mode or in general transmissions with better energy efficiency.
This scenario is described in Figure 1. In the graph the ranks used for the cell reselection algorithm are shown ( in green, in blue) as a function of UE position. It is assumed the UE is camping in the standalone cell (left) while performing the cell reselection procedure. 
In region 1 (left) the rank of the camped cell, i.e. standalone cell, is higher than the one for neighboring cell so the UE does not reselect the neighbor cell. Assuming that in region 1 the UE would be in enhanced coverage if it were to perform cell reselection to the neighbor cell, and thus current mechanism for ranking would be sufficient.
In region 2 (center) the rank of the camped cell, i.e. standalone cell, is still higher than the one for neighboring cell so the UE does not perform cell reselection. Nevertheless, the UE may benefit from performing cell reselection to the neighboring cell if it would be in normal coverage even though the UE is required to be camped in the standalone cell based on the ranking mechanism.
In region 3 (right) the rank of the neighboring cell becomes higher than the one of the camped cell, so the UE performs cell reselection.


[bookmark: _Ref11855754]Figure 1: Representation of a scenario where a non-BL UE may camp in a standalone cell with suboptimal performance
[bookmark: _Toc16799687]In some cases the cell reselection procedure for BL UEs or UEs in CE let a non-BL UE to camp in a standalone cell even though it would be possible for such UE to camp in a neighbouring non-standalone cell in “normal” coverage.
We propose to modify the cell reselection algorithm as follows (a detailed text proposal can be found in [4]).
A new configurable offset  is introduced and signalled in SIB4 and SIB5.
This offset is added or subtracted to the legacy  if the UE is respectively in the standalone cell and it could camp in the neighbour non-standalone cell in normal coverage or if the UE is in normal coverage and the neighbour cell is standalone.
[bookmark: _Toc16799681]A new offset is introduced in the calculation of the neighbour cell rank when the UE is in a standalone cell and could camp in the neighbour non-standalone cell in normal coverage or vice-versa
Figure 2 shows the resulting ranks in the same scenario. With a proper configuration of  it is possible to completely avoid non-BL UEs working in suboptimal conditions, or it is possible to tune the probability of a non-BL UE moving to a more suitable cell. An offset equal to 0 is equivalent to use the legacy cell reselection procedure.


[bookmark: _Ref16599419]Figure 2: Representation of the aforementioned scenario with the new calculation of the rank when the UE is camping in the standalone cell (a) or when it is camping in a normal cell (b)
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	An indication in MIB for serving cell being LTE-M standalone would inform only Rel-16 UEs and thus is not necessary.
Observation 2	There is a need to clarify the intended behaviour for non-BL UEs that support CE when SIB1-BR is successfully decoded whereas decoding SIB1 fails.
Observation 3	Early-implementation of such behaviour for non-BL UEs that support CE should be possible.
Observation 4	In some cases the cell reselection procedure for BL UEs or UEs in CE let a non-BL UE to camp in a standalone cell even though it would be possible for such UE to camp in a neighbouring non-standalone cell in “normal” coverage.

[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	Indication whether a neighbouring cell is a LTE-M standalone cell should be provided in SIB4 and SIB5.
Proposal 2	If cell selection criteria in normal coverage is fulfilled and SIB1-BR is decoded but SIB1 cannot be decoded, non-BL UE supporting CE is allowed to camp in the cell in enhanced coverage.
Proposal 3	A new offset is introduced in the calculation of the neighbour cell rank when the UE is in a standalone cell and could camp in the neighbour non-standalone cell in normal coverage or vice-versa
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