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1 Introduction

In RAN2#107 meeting, following agreement was made.

· 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 the last meeting, this topic was discussed but no conclusion was made during online and offline email discussion.
In this contribution, we discuss the current understanding of non-BL UE operation when it is in BR mode (i.e., reading SIB1-BR) and what can be done for Rel-16 non-BL UE to control the load in a normal cell that supports CE mode operation.
2 Discussion
2.1 Non-BL UE operating in CE mode in normal coverage

Current specification does not restrict whether non-BL UE uses either cell selection criteria S in normal coverage in BR mode or in WB mode. This was done on purpose when specifying Rel-13 eMTC as there were some UE vendors and operators planning to use non-BL UEs supporting CE feature for MTC deployments.  For example, consider the existing suitability check criteria S specified in TS 36.304 as

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).
A non-BL UE is not required to store different version of SIBs (i.e., normal version of SIB1 and SIB1-BR, as well as, other SIBs sent in SI and SI-BR message) while in RRC_IDLE. The normal coverage criteria are provided separately in normal version of SIB1 and SIB1-BR which potentially could even include different cell reselection priorities and cell selection criteria. This clearly indicates that a non-BL UE operating in BR mode (reading SIB1-BR) is allowed to check suitability criteria in normal coverage and select the cell similar to the BL UEs. There is no difference specified between non-BL UE and BL UE.
Table 1 Interpretation of non-BL UE in normal coverage

	UE
	Support for CE mode
	The UE camps in a cell with suitability check in:
	The UE initiates Random Access using:
	The UE monitors Paging message in:

	BL
	Supported

(Mandatory)
	Enhanced coverage
	PRACH resource per CE level
	MPDCCH

	
	
	Normal coverage
	
	

	Non-BL
	Supported

(UE in CE)
	Enhanced coverage
(SIB1-BR reading mode)
	PRACH resource per CE level
	MPDCCH

	
	
	Normal coverage 

(SIB1-BR reading mode)
	PRACH resource per CE level
(not prohibited in legacy specification)
	MPDCCH

(not prohibited in legacy specification)

	
	
	Normal coverage

(normal SIB reading mode)
	PRACH resource for normal LTE

(i.e., legacy PRACH resource)
	PDCCH

(i.e., legacy Paging channel)




Observation 1. TS 36.304 does not differentiate whether a non-BL UE can apply the normal coverage of BR mode or WB mode. Hence legacy non-BL UE can also apply the normal coverage of BR mode.

The Annex provides further exemplary cases in which a non-BL UE may be in normal coverage of BR mode or switch between WB and BR mode.  Specification has left it up to UE’s implementation for the corresponding switch between WB and BR mode while UE is in RRC_IDLE as explained above, such as in Observation 1. In the case of paging, as network does not know whether the non-BL UE is in WB mode or in BR mode, since UE does not have to inform the network when it switches between BR and WB modes. Network will have to page based on its paging strategy which is left to network implementation. 
Observation 2. There is no restriction for the non-BL UE to switch between WB and BR mode while UE is in idle mode. Paging by the network is left to network implementation based on its network paging strategy implementation (since UE does not inform CE level change as well as switching between BR and WB mode).
As long as a UE in RRC_IDLE camps in normal coverage either in BR mode or WB mode, the UE should perform both priority-based cell reselection for inter-frequency case, as well as, ranking based cell reselection for intra-frequency and equal priority inter-frequency case.  Ranking based cell reselection is only applied when UE in RRC_IDLE is in BR mode while camping in enhanced coverage. Hence the UE follows the dedicated priority provided by network regardless whether UE in RRC_IDLE camps in normal coverage in BR or WB mode. See extract below (as highlighted):
5.2.4.6a
Reselection for enhanced coverage
Ranking as defined in 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.
And from 5.2.3.2:
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:

Observation 3. Absolute priority based cell reselection for inter-frequency case is applied regardless of whether the UE in RRC_IDLE camps in normal coverage in BR mode or in WB mode (i.e. UE follows the (dedicated or common) cell reselection priority provide by the network).
Based on previous observations and the details described in the Annex, for Rel-16, we prefer to stick to the legacy behavior which can also be further clarify in the specification.
Proposal 1. As in legacy eMTC operation, a Rel-16 non-BL UE in RRC_IDLE can camp in a cell in normal coverage either in BR mode (if SIB1-BR is used) or in WB, i.e. non-BR mode (if SIB1 is used). 
If there were need identified to control the load in an eMTC cell (i.e., using enhanced coverage resources) by non-BL UEs (that are also capable of accessing a normal LTE cell), a new mechanism of redirection to normal cell (i.e. WB mode) can be studied for Rel-16. For example, the following approaches could be considered:

Approach 1. The eNB can configure a non-BL UE to operate in normal LTE mode (when in RRC_IDLE) just before or when moving the UE into RRC_IDLE.

Approach 2. Non-BL UEs are provided with a new cell selection criterion for normal coverage to enforce them firstly of trying the suitability check to camp in normal LTE cell (and not in the eMTC cell).

Approach 3. A new indication informs about whether or not a non-BL UE can camp in a cell satisfying S criteria for normal coverage in BR mode (i.e., using SIB1-BR). 
It is important to highlight that legacy specification already allows that if a non-BL UE accesses the cell in BR mode, then eNB could reconfigure it in NC mode (i.e., providing full configuration to move the UE to WB mode). Moreover, some UE vendors or operators may also use non-BL UEs to target MTC specific deployments.  On the other hand, the above can be seen as an optimization to have better control and reduce the unnecessary overhead due to reconfiguration. However, in view that we should have completed all functional aspect by now, it is proposed that network control to limit non-BL UE camping on a cell in normal coverage in BR mode is postponed to future release. 

Proposal 2. Network control to limit non-BL UE camping on a cell in normal coverage in BR mode is postponed to future release. 
3 Conclusion

The observations captured are the following:
Observation 1.
TS 36.304 does not differentiate whether a non-BL UE can apply the normal coverage of BR mode or WB mode. Hence legacy non-BL UE can also apply the normal coverage of BR mode.
Observation 2.
There is no restriction for the non-BL UE to switch between WB and BR mode while UE is in idle mode. Paging by the network is left to network implementation based on its network paging strategy implementation (since UE does not inform CE level change as well as switching between BR and WB mode).
Observation 3.
Absolute priority based cell reselection for inter-frequency case is applied regardless of whether the UE in RRC_IDLE camps in normal coverage in BR mode or in WB mode (i.e. UE follows the (dedicated or common) cell reselection priority provide by the network).
Observation 4.
When UE is operating in BR mode (i.e. SIB1-BR is in used), UE is not required to switch to WB mode from BR mode, in case UE meets cell selection criteria for normal coverage in the selected cell which broadcast BR version of SIB.
Observation 5.
When UE goes out of coverage of cells that support CE mode operation, UE can switch from BR mode to WB mode without the knowledge of network. Network may page UE in MPDCCH and if it fails, it can page in PDCCH or both in MPDCCH and PDCCH.
Observation 6.
When UE goes out of coverage, UE may switch from WB mode to BR mode without the knowledge of network. Network may page UE in PDCCH and if it fails, it can page in MPDCCH or both in MPDCCH and PDCCH (as paging strategy is left up to network implementation).

Based on the observations, following is proposed:
Proposal 1.
As in legacy eMTC operation, a Rel-16 non-BL UE in RRC_IDLE can camp in a cell in normal coverage either in BR mode (if SIB1-BR is used) or in WB, i.e. non-BR mode (if SIB1 is used).
Proposal 2.
Network control to limit non-BL UE camping on a cell in normal coverage in BR mode is postponed to future release.
4 
Annex

The following scenarios shows exemplary cases in which a non-BL UE may be in normal coverage of BR mode or switch between WB and BR mode:
Scenario#1: Non-BL UE in IDLE mode camps in BR mode (SIB1-BR is used)

Suppose, when UE was last in RRC_CONNECTED, it was operating in BR mode (reading BR version of SIB either in coverage level 0 i.e., normal coverage or in coverage level 1, 2 and 3 i.e., enhanced coverage). UE is released to RRC_IDLE in BR mode. Following cases are example where UE may or may not need to switch to WB (non-BR) mode.

Case 1: Staying in BR mode (SIB1-BR is used)

· It does not know any parameters related to normal SIB because it has normal coverage cell selection criteria provided only by BR version of SIB1 (SIB1-BR). When UE is in BR mode, UE is not required to read or store normal version of SIB.

· UE performs cell reselection and reads the SIB of the selected cell to check the suitability criteria. The UE is currently in BR mode reading only SIB1-BR and if the selected cell also broadcast the SIB1-BR, the UE is not required to store two types of SIBs (WB and BR ones, as previously explained). It means the UE is not required to acquire the normal version of SIB if it already acquires the SIB1-BR.

· When checking suitability criteria of the selected cell, UE meets normal coverage criteria corresponding to BR mode (i.e., UE found the suitable cell). 

· UE may continue staying in BR mode with normal coverage reading SIB1-BR (there is no requirement to switch to WB mode and trigger the cell reselection procedure consuming more power)

· Normal coverage is just implying UE can initiate RACH in PRACH CE level 0 which is not prohibited in the specification.

This implies that UE in RRC_IDLE is not required to switch to WB mode from BR mode, in case UE meets cell selection criteria for normal coverage.

Observation 4. When UE is operating in BR mode (i.e. SIB1-BR is in used), UE is not required to switch to WB mode from BR mode, in case UE meets cell selection criteria for normal coverage in the selected cell which broadcast BR version of SIB.

Case 2: Switching to WB (non-BR) mode (SIB1 is used) due to being unable to acquire SIB1-BR

· UE is not able to acquire SIB1-BR (cannot decode or cell does not broadcast SIB1-BR), the cell is barred.

· In this particular case, UE may switch to WB mode and perform the cell reselection using existing rules. Since UE is not required to exclude the barred cell in this case (as per TS 36.304), it is possible UE selects the same cell and reads normal version of SIB.

· UE finds the same cell suitable (cell selection criteria is met) in WB mode. Here there is just one suitability criteria, i.e., criteria for normal coverage.

· UE can camp in the cell reading normal version of SIB without letting network know.

Case 3: Switching to WB (non-BR) mode (SIB1 is used) due to out of service

· UE goes out of coverage (does not find cell that broadcasts BR version of SIB), and switches to WB mode.

· Finds coverage in WB mode (meets suitability criteria of normal cell).

· UE can camp in the cell in WB mode reading normal version of SIB without letting network know.

As previously explain, these exemplary cases show how UE in RRC_IDLE can switch from BR mode to WB mode without the knowledge of network. Network may page UE in MPDCCH and if it fails, it can page in PDCCH or both in MPDCCH and PDCCH.

Observation 5. When UE goes out of coverage of cells that support CE mode operation, UE can switch from BR mode to WB mode without the knowledge of network. Network may page UE in MPDCCH and if it fails, it can page in PDCCH or both in MPDCCH and PDCCH.

Scenario#2: Non-BL UE in IDLE mode camps in WB (non-BR) mode (SIB1 is used)

Suppose when UE was last in RRC_CONNECTED, it was operating in WB mode (i.e., reading normal SIB). UE goes to IDLE and camps in a cell with WB mode (reading normal SIB1).

Case 4: Switching to BR mode (SIB1-BR is used) due to out of service

· UE goes out of coverage (e.g., moves to underground parking), and UE tries to find coverage in BR mode (i.e., switches to BR mode).

· Finds coverage in BR mode, selects a cell satisfying enhanced coverage criteria as normal coverage criteria has already been tried in WB mode resulting in out of coverage.

· UE can camp in an enhanced coverage reading BR version of SIB without letting network know.

This implies UE can switch from WB mode to BR mode without the knowledge of network. Network may page UE in PDCCH and if it fails, it can page in MPDCCH or both in MPDCCH and PDCCH (knowing that paging strategy is left up to network implementation).

Observation 6. When UE goes out of coverage, UE may switch from WB mode to BR mode without the knowledge of network. Network may page UE in PDCCH and if it fails, it can page in MPDCCH or both in MPDCCH and PDCCH (as paging strategy is left up to network implementation).

All the cases observed above are not restricted in the current specification. Network is unaware of UE’s coverage level. Therefore, it is best to leave the behavior of non-BL UEs in RRC_IDLE up to UE implementation as per legacy specification. 

