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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. 
RAN1 has reached the following agreements relevant to RAN2 discussion during RAN1#94, RAN1#94bis, RAN1#95 and RAN1#96:
	· LTE Control region supports PDSCH broadcast transmission, FFS for what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) for MPDCCH and PDSCH are applied
· PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details.
· LTE control channel can be used for MPDCCH that is used to schedule broadcast PDSCH channel
· [bookmark: _GoBack]For MPDCCH transmission in LTE control region, part of the MPDCCH are mapped into the LTE DL control region.
· For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping then wrap around starting with OFDM symbol 0.
· Use of LTE DL control region for PDSCH and MPDCCH is configured by SIB1-BR.



RAN2#103bis and RAN2#105 made the following 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.
· 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.
· [bookmark: _Hlk4421046]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 contribution we discuss the current behavior defined in the specifications for legacy non-BL UEs supporting CE and we address the remaining issue from RAN2 point of view.
[bookmark: _Ref178064866]2	Discussion
2.1	UE behaviour
This WI objective aims to enable the possibility to operate LTE-M standalone cells where only BL UEs and UEs in 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 user data or other signals. Also, these UEs, normally, would not decode SIB1 in such cells; therefore, only SIB1-BR is supposed to be transmitted. 
The specified behaviour for BL UEs and UEs in CE is to decode MIB first, then SIB1-BR and then apply the S-criterion.
Below we report, for the sake of clarity, a portion of sections 5.2.2.3 and 5.2.2.5 of [2] and 5.2.3.2 of [3] which define the required behaviour of UEs in order to camp in the cell and what they should do if SI is not acquired successfully. For the sake of simplicity, we highlighted the parts relevant for the discussion.
[2] 5.2.2.3	System information required by the UE [2]
 The UE shall:
1>	ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information:
2>	if in RRC_IDLE:
3>	if the UE is a NB-IoT UE:
4>	the MasterInformationBlock-NB/ MasterInformationBlock-TDD-NB and SystemInformationBlockType1-NB as well as SystemInformationBlockType2-NB through SystemInformationBlockType5-NB, SystemInformationBlockType22-NB;
3>	else:
4>	the MasterInformationBlock and SystemInformationBlockType1 (or SystemInformationBlockType1-BR depending on whether the UE is a BL UE or the UE in CE) as well as SystemInformationBlockType2 through SystemInformationBlockType8 and SystemInformationBlockType24 (depending on support of the concerned RATs), SystemInformationBlockType17 (depending on support of RAN-assisted WLAN interworking when the UE is connected to EPC), SystemInformationBlockType25 (depending on support of E-UTRA/5GC);
[2] 5.2.2.5	Essential system information missing
The UE shall:
1>	if in RRC_IDLE, RRC_INACTIVE or in RRC_CONNECTED while T311 is running:
2>	if the UE is unable to acquire the MasterInformationBlock (MasterInformationBlock-NB/ MasterInformationBlock-TDD-NB in NB-IoT); or
2>	if the UE is neither a BL UE nor in CE nor in NB-IoT and the UE is unable to acquire the SystemInformationBlockType1; or
2>	if the BL UE or UE in CE is unable to acquire SystemInformationBlockType1-BR or SystemInformationBlockType1-BR is not scheduled; or
2>	if the NB-IoT UE is unable to acquire the SystemInformationBlockType1-NB:
3>	consider the cell as barred in accordance with TS 36.304 [4]; and
3>	perform barring as if intraFreqReselection is set to allowed, and as if the csg-Indication is set to FALSE;
2>	else:
3>	if the UE is unable to acquire the SystemInformationBlockType2 (or SystemInformationBlockType2-NB in NB-IoT) and for NB-IoT, SystemInformationBlockType22-NB if scheduled; or
3>	if SystemInformationBlockType25 is broadcast and if the UE is connected to 5GC and is unable to acquire the SystemInformationBlockType25:
4>	treat the cell as barred in accordance with TS 36.304 [4];
[3] 5.2.3.2	Cell Selection Criterion
The cell selection criterion S in normal coverage is fulfilled when:
[…]
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:
[…]
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:
[…]
2.1.1	BL UEs
Currently BL UEs already try to decode SIB1-BR to connect to the cell, so no specific behaviour is required for this feature to be implemented.
[bookmark: _Toc4713441]BL UEs can successfully connect to a standalone cell.
2.1.2	Rel-16 non-BL UEs with CE capability
The behaviour for non-BL UEs supporting CE is less clear. In fact, these UEs are required to decode SIB1-BR only if they are in CE, but in order to determine if they are in CE or not they have first to apply the S-criterion, which require the reception of either SIB1 or SIB1-BR. It is possible UE implementations in some cases consider the UE being in CE if it cannot acquire SIB1 (for some time), but such behaviour is not currently clearly captured in the specifications. 
[bookmark: _Toc4713442]The behaviour of non-BL UEs supporting CE is not clear. Specifically, it is not defined if these UEs are required to attempt decoding SIB1-BR before they have determined if they are in CE or not.
[bookmark: _Toc4713444]From Rel-16 onwards, non-BL UEs supporting CE are required to attempt decoding SIB1-BR in case they are unable to acquire SIB1.
Proposal 1 would clarify the expected behaviour for starting in Rel-16, otherwise such UEs could be unable to camp in the cell if SIB1 is not transmitted. 
[bookmark: _Hlk4156763]Assuming that a non-BL UE with CE capability correctly decodes SIB1-BR, the coverage thresholds could lead to UE to consider itself to be in normal coverage according to TS 36.304. In this case these UEs are still required to acquire SIB1. These UEs should still consider only SIB1-BR even in normal coverage.
[bookmark: _Toc4713445]If SIB1-BR indicates the current cell is a standalone cell, all non-BL UEs should consider to be in CE regardless of the S-criterion outcome.
P1 and P2 can be clarified for example in TS 36.304 and/or in TS 36.331, by stating that in the case SIB1 cannot be decoded, the UE would consider itself to be in enhanced coverage.
2.1.3	Legacy non-BL UEs with CE capability
Similarly to what is discussed for Rel-16 UEs, assuming that SIB1-BR is decoded correctly, the coverage thresholds could result in the UEs configured in normal coverage, implying that these UEs will try to decode only SIB1.
If the legacy implementation does not allow the UE to use SIB1-BR in this case very few options are available. The coverage thresholds can be configured to minimize the probability that a UE will consider itself in normal coverage, specifically q-RxLevMin, Qoffsettemp in SIB1-BR can be set to its maximum value and q-RxLevMinOffset can be set to its minimum value, but this does not eliminate completely the possibility to have UEs in normal coverage.
[bookmark: _Toc4713443]The probability of making a non-BL UE camp on or connect to a standalone cell can be increased, up to a certain limit, by careful selection of cellSelectionInfo parameters.
Since the specifications are not perfectly clear, already-deployed legacy UEs may try to decode SIB1-BR after SIB1 decoding failed or they may just consider the cell as barred. However, looking at how the cell selection is defined in TS 36.304 already now, we assume also the legacy UEs will decode SIB1-BR if SIB1 cannot be found or decoding fails: 
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)



We assume the above condition is implicitly says that if S-criterion in normal coverage is not fulfilled, the UE would then understand to acquire SIB1-BR to check the condition for enhanced coverage, thus, one could interpret above like:
[bookmark: _Toc4713446]Legacy non-BL UEs supporting CE shall attempt decoding SIB1-BR after SIB1 decoding failed.
[bookmark: _Hlk4157196]2.2	Signalling
In latest agreements a further FFS is present regarding introducing signalling in a dedicated message to enable using the LTE control channel region for DL unicast transmission.
Moreover, it is necessary to indicate in SIB1-BR if the current cell is standalone or not according to P2.
In general the former configuration depends on future RAN1 agreements, and it might be designed jointly with the indication in SIB1-BR for the cell being standalone. Therefore, we propose to wait for further RAN1 agreements before addressing the signalling requested.
[bookmark: _Toc4713447]Wait for further RAN1 agreements before addressing the signalling definition.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	BL UEs can successfully connect to a standalone cell.
Observation 2	The behaviour of non-BL UEs supporting CE is not clear. Specifically, it is not defined if these UEs are required to attempt decoding SIB1-BR before they have determined if they are in CE or not.
Observation 3	The probability of making a non-BL UE camp on or connect to a standalone cell can be increased, up to a certain limit, by careful selection of cellSelectionInfo parameters.

Based on the discussion in the previous sections we propose the following:
Proposal 1	From Rel-16 onwards, non-BL UEs supporting CE are required to attempt decoding SIB1-BR in case they are unable to acquire SIB1.
Proposal 2	If SIB1-BR indicates the current cell is a standalone cell, all non-BL UEs should consider to be in CE regardless of the S-criterion outcome.
Proposal 3	Legacy non-BL UEs supporting CE shall attempt decoding SIB1-BR after SIB1 decoding failed.
Proposal 4	Wait for further RAN1 agreements before addressing the signalling definition.
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