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1 Introduction
In RAN2 and RAN1, following agreements [1-2] were made for use of LTE Control Channel Region for DL transmission:
	Agreements in RAN2:

· 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.
Agreements in RAN1:

· Use of LTE DL control region for PDSCH and MPDCCH is configured by SIB1-BR.

· In case of retuning, the UE is not required to receive all the symbols in LTE downlink control region.


In this paper, we further discuss the issue from RAN2 point of view.
2 Discussion
BL UEs can work via CE mode in normal coverage and enhanced coverage of the standalone cell – such UEs will always act upon the information received in SIB1-BR. However, non-BL UEs supporting CE mode, according to current specification, when the UEs attempt to select the standalone cell, try to read SIB1 or SIB1-BR. Since there is no SIB1, the UEs may attempt to receive SIB1-BR to check the S criteria for normal coverage and enhanced coverage. If the UEs are in normal coverage after checking S criteria, since there is no SIB1, the UEs will treat the cell as barred. If the UEs are in enhanced coverage, they can camp on the cell in CE mode. Then there is an anomaly for the standalone deployment that non-BL UEs supporting CE mode are allowed to work in relatively bad coverage but on the contrary are not allowed to work in good coverage as shown below. 
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Figure 1 Standalone deployment

For non-BL UEs in normal coverage, even though there is no PDCCH in the standalone cell, the non-BL UEs supporting CE mode are capable of monitoring MPDCCH. When considering the Rel-16 enhancement, it could be possible to allow non-BL UEs in normal coverage to monitor MPDCCH with some standardization effort. 

Additionally, for non-BL UEs supporting CE mode but in normal coverage, there is another anomaly. After a non-BL UE selects the standalone cell by considering itself in enhanced coverage, the RSRP and RSRQ may become better due to mobility. Once the S criterion of normal coverage is satisfied for this non-BL UE, it considers itself in normal coverage. If this non-BL UE is not allowed to monitor MPDCCH, it treats the cell as barred, since no SIB1 can be obtained. It is not rational to allow the access of UE with bad signal strength and bar the access of UE with good signal strength.
Therefore, RAN2 has agreed “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.” The issue left is whether this is supported by the current specification.

2.1 Interpretation on the current specification
The first step to perform the cell selection is to obtain the cell selection parameter, e.g. Qrxlevmin and Qqualmin in either SIB1 or SIB-BR. If there is no SIB1 broadcasted in the standalone cell, UE can obtain the cell selection parameter in SIB-BR.
Then, UE determines whether to consider itself in normal coverage or enhanced coverage. According to the TS 36.304 on the cell selection procedure, non-BL UEs supporting CE mode will first try to select the cell with criterion S in normal coverage fulfilled. If cell selection criterion S in normal coverage is not fulfilled for any cell, UE then considers itself to be in enhanced coverage if the S criterion fulfilled.
	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).


If UE selects a standalone cell in normal coverage, UE will try to acquire the SIB1. Since no SIB1 broadcasted in the standalone cell, UE will consider the cell as barred, according to TS 36.331.
	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];


Once a cell is considered as barred in normal coverage, UE is not permitted to select/reselect the same cell, according to TS 36.304, even if criterion S in enhanced coverage can be fulfilled.

	When cell status "barred" is indicated or to be treated as if the cell status is "barred",
-
The UE is not permitted to select/reselect this cell, except the following rule, not even for emergency calls.

-
The UE shall consider other cells for cell selection/reselection according to the following rule:

-
If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the MasterInformationBlock (or MasterInformationBlock-NB), the SystemInformationBlockType1 (or SystemInformationBlockType1-BR message or SystemInformationBlockType1-NB), or the SystemInformationBlockType2 (or SystemInformationBlockType2-NB):

-
the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.

-
the UE may select another cell on the same frequency if the selection criteria are fulfilled.

-
the UE may select the same cell in normal coverage if the UE was barred in the cell due to being unable to acquire MasterInformationBlock, SystemInformationBlockType1-BR, or SystemInformationBlockType2 in enhanced coverage, but was able to acquire MasterInformationBlock, SystemInformationBlockType1, and SystemInformationBlockType2 in normal coverage, if the selection criteria are fulfilled.
-
else

-
If the cell is a CSG cell:

-
the UE may select another cell on the same frequency if the selection/reselection criteria are fulfilled.

-
else

-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 (or SystemInformationBlockType1-BR message or SystemInformationBlockType1-NB) message is set to "allowed", the UE may select another cell on the same frequency if re-selection criteria are fulfilled.

-
The UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.

-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 (or SystemInformationBlockType1-BR message or SystemInformationBlockType1-NB) message is set to "not allowed" the UE shall not re-select a cell on the same frequency as the barred cell;

-
The UE shall exclude the barred cell and the cells on the same frequency as a candidate for cell selection/reselection for 300 seconds.




In summary, the non-BL UE supporting CE mode will perform the following cell selection procedure, according to the current specification.
· If UE finds any cell (e.g. cell #1) with criterion S in normal coverage fulfilled:
· UE considers itself to be in normal coverage;

· UE tries to acquire SIB1 in cell #1;

· If SIB1 is obtained in cell #1:

· UE camps on the cell #1 in normal coverage;

· Else (e.g. cell #1 is a standalone cell), 

· UE considers the cell #1 as barred, and try to find another cell in normal coverage;

· If no other cell is found with criterion S in normal coverage fulfilled:

· UE tries to find any cell with S criterion in enhanced coverage fulfilled, except the cell #1;

· If any other cell (e.g. cell #2) with S criterion in enhanced coverage fulfilled is found:

· UE considers itself to be in enhanced coverage;

· If SIB1-BR is obtained, UE camps on the cell in enhanced coverage;
· else, UE fails to selection a cell.
· else, 
· UE camps on the other cell (e.g. cell #3) in normal coverage.
Therefore, according to current specification if only a standalone cell with criterion S in normal coverage fulfilled is found by the UE, the UE cannot be served by this cell in in enhanced coverage.

Observation 1: In the current specification, UE is not allowed to select the same cell in enhanced coverage, if the cell is barred due to being unable to acquire SystemInformationBlockType1 in normal coverage (i.e. criterion S for normal coverage is fulfilled).

2.1 Approaches to support the new agreement
As agreed by the CR R2-152849, the behaviour upon failure to acquire MIB/SIB1/SIB2 is changed from “UE shall exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds” to “UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds”. In summary, starting from TS36.304 v12.5.0, “exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds” is not the only option for UE anymore. In later release, other UE behaviours are added in case of failure to acquire MIB/SIB1/SIB1-BR/SIB2:

· Option 1: the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.

· Option 2: the UE may select another cell on the same frequency if the selection criteria are fulfilled.

· Option 3: the UE may select the same cell in normal coverage if the UE was barred in the cell due to being unable to acquire MasterInformationBlock, SystemInformationBlockType1-BR, or SystemInformationBlockType2 in enhanced coverage, but was able to acquire MasterInformationBlock, SystemInformationBlockType1, and SystemInformationBlockType2 in normal coverage, if the selection criteria are fulfilled.

Observation 2: UE behaviour options are explicitly listed in the current specification TS 36.304, upon failure to acquire MIB/SIB1/SIB1-BR/SIB2. 
Observation 3: The agreed intended behaviours in Rel16 in case of being unable to acquire SIB1 in standalone cell should also be added in TS 36.304.
In order to support the agreement in last meeting, some changes are required for TS 36.304 to allow UE to select the same cell in the standalone case, as follows:
	When cell status "barred" is indicated or to be treated as if the cell status is "barred",

-
The UE is not permitted to select/reselect this cell, except the following rule, not even for emergency calls.

-
The UE shall consider other cells for cell selection/reselection according to the following rule:

-
If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the MasterInformationBlock (or MasterInformationBlock-NB), the SystemInformationBlockType1 (or SystemInformationBlockType1-BR message or SystemInformationBlockType1-NB), or the SystemInformationBlockType2 (or SystemInformationBlockType2-NB):

-
the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.

-
the UE may select another cell on the same frequency if the selection criteria are fulfilled.

-
the UE may select the same cell in normal coverage if the UE was barred in the cell due to being unable to acquire MasterInformationBlock, SystemInformationBlockType1-BR, or SystemInformationBlockType2 in enhanced coverage, but was able to acquire MasterInformationBlock, SystemInformationBlockType1, and SystemInformationBlockType2 in normal coverage, if the selection criteria are fulfilled.

-
the UE may select the same cell in enhanced coverage if the UE was barred in the cell due to being unable to acquire SystemInformationBlockType1 in normal coverage, but was able to acquire MasterInformationBlock, SystemInformationBlockType1-BR, and BR version of SystemInformationBlockType2 in enhanced coverage, if the selection criteria are fulfilled.

-
else
-
If the cell is a CSG cell:

-
the UE may select another cell on the same frequency if the selection/reselection criteria are fulfilled.

-
else

-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 (or SystemInformationBlockType1-BR message or SystemInformationBlockType1-NB) message is set to "allowed", the UE may select another cell on the same frequency if re-selection criteria are fulfilled.

-
The UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.

-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 (or SystemInformationBlockType1-BR message or SystemInformationBlockType1-NB) message is set to "not allowed" the UE shall not re-select a cell on the same frequency as the barred cell;

-
The UE shall exclude the barred cell and the cells on the same frequency as a candidate for cell selection/reselection for 300 seconds.




The above change could directly apply to Rel16 UEs, which means 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.
In addition, some clarifications may also be needed to eliminate any conflict or ambiguity.

According to the RAN2 agreements, non-BL UEs is able to camp in a standalone cell in enhanced coverage when it is not possible to acquire SIB1. However, the current 36.304 specification implicitly means UE can camp in enhanced coverage only if criterion S in normal coverage is not fulfilled. Therefore, additional condition should be added for UE to camp in enhanced coverage, as following. Two possible CR options are given:
Option 1: Adding condition to camp in enhanced coverage
	If cell selection criterion S in normal coverage is not fulfilled for a cell or not being unable to acquire SystemInformationBlockType1, 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).


Option 2: Adding NOTE
	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)

NOTE :
Non-BL UE supporting CE may consider itself to be in enhanced coverage if cell selection criterion S in normal coverage is fulfilled for a cell, as specified in subclause 5.3.1.


For the legacy UEs, if RAN2 can agree some CRs to implement the above changes with early implementation allowed, some earlier release UEs implementing the change can also operate in CE mode in standalone deployment regardless of whether criterion S for normal coverage is fulfilled. It is possible that not all legacy UEs support this, but this seems the approach which would allow the highest population of UEs to camp on standalone cells.
Another approach for supporting legacy UEs is that the standalone cell can set a relative high threshold of the criterion S for normal coverage, so that most of the legacy UEs can consider itself in enhanced coverage in the standalone cell.
Proposal 1: For Rel-16 non-BL UEs supporting CE mode, TP in R2-1910068 [3] is agreed for standalone cell.
Proposal 2: For legacy UEs, TP in R2-1910068 [3] can be early implementable.
3 Conclusion
In this document we discuss the standalone deployment for Rel-16 MTC, and made following proposals:
Observation 1: In the current specification, UE is not allowed to select the same cell in enhanced coverage, if the cell is barred due to being unable to acquire SystemInformationBlockType1 in normal coverage (i.e. criterion S for normal coverage is fulfilled).

Observation 2: UE behaviour options are explicitly listed in the current specification TS 36.304, upon failure to acquire MIB/SIB1/SIB1-BR/SIB2. 
Observation 3: The agreed intended behaviours in Rel16 in case of being unable to acquire SIB1 in standalone cell should also be added in TS 36.304.
Proposal 1: For Rel-16 non-BL UEs supporting CE mode, TP in R2-1910068 [3] is agreed for standalone cell.

Proposal 2: For legacy UEs, TP in R2-1910068 [3] can be early implementable.
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