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1	Introduction
At the RAN plenary #80, a new Work Item (WI) on “Rel-16 MTC enhancements” was approved [1]. The WID states that one objective is to specify CE mode A and B improvements for non-BL UEs from among the techniques listed below:

	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]
· [bookmark: _Hlk521496697]Enhancements to idle mode mobility
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· Feedback based on CSI-RS
· ETWS/CMAS in connected mode



This contribution provides an analysis on each of the potential enhancements listed in the WID’s objective.
[bookmark: _Ref178064866]2	Candidates for achieving CE mode A and B improvements for non-BL UEs
Among the candidate improvements listed in the WI objective, a subset (potentially the full set) will be selected for specification in Rel-16. The potential enhancements are very different from each other, and some of them are even more tied to the area of expertise of other Working Groups. Hence, aiming at knowing what they are about, their feasibility, foreseen achievable gains, and complexity, we provide below a brief description for each of these potential enhancements as listed in the WID for achieving CE mode A and B improvements for non-BL UEs.
2.1	Enhancements to idle mode mobility
Support of UEs in Enhanced Coverage is described in 36.300 clause 23.7b [2]:
	[bookmark: _Toc518705508]23.7b	Support of UEs in Enhanced Coverage
A UE in enhanced coverage is a UE that requires the use of enhanced coverage functionality to access the cell. In this release of the specification two enhanced coverage modes (mode A, mode B) are supported. The support of enhanced coverage mode A is mandatory for a BL UE. The maximum PDSCH/PUSCH bandwidth in connected mode for unicast transmission depends on the UE category and enhanced coverage mode as summarized in table 23.7a-1.
A UE may access a cell using enhanced coverage functionality only if the MIB of the cell indicates that scheduling information for SIB1 specific for BL UEs is scheduled. System information procedures for UEs in enhanced coverage are identical to the system information procedures for bandwidth reduced low complexity UEs. A UE capable of enhanced coverage acquires, if needed, and uses legacy system information when in normal coverage if it is not a BL UE. A UE capable of enhanced coverage acquires, if needed, and uses system information specific for UEs in enhanced coverage. A UE in enhanced coverage is not required to detect SIB change when in RRC_CONNECTED.
A set of PRACH resources (e.g. time, frequency, preamble); each associated with a coverage enhancement level, is provided in SIB. Number of PRACH repetitions and number of maximum preamble transmission attempts per coverage enhancement level are provided in SIB. UEs in same enhanced coverage level use random access resources associated with the same enhanced coverage level. Time/frequency resources and repetition factor for random access response messages for UEs in enhanced coverage are derived from the used PRACH resources.
A UE in enhanced coverage is paged using the same mechanism for paging BL UEs. The starting subframe of a paging occasion and the repetition pattern (in both time and frequency domain for downlink common control signaling) of that paging occasion are determined irrespective of the UEs enhanced coverage level.
The paging request from the MME for a UE supporting enhanced coverage functionality may contain enhanced coverage level related information and corresponding cell ID. If neither the UE Radio Capability for Paging IE nor the Assistance Data for Paging IE is included in the paging request from the MME, the eNB may need to page the UE in both PDCCH and MPDCCH.
A UE in RRC_IDLE does not inform the network when it changes the enhanced coverage level.
A UE in enhanced coverage camps on a suitable cell where S criterion for UEs in enhanced coverage is fullfilled.The UE shall re-select to inter-frequency cells in which it is able to operate in normal coverage over cells in which it has to be in enhanced coverage.
Connected mode mobility mechanisms such as measurement reporting, network controlled handover etc., are supported for UEs in enhanced coverage. At handover from a source cell in normal or enhanced coverage mode to a target cell in enhanced coverage mode, the network may provide SIB1-BR to the UE in the handover command. No additional mechanisms are introduced to support the use of enhanced coverage functionality to access an E-UTRA cell during inter-RAT handovers.
Reconfiguration of a UE in connected mode from normal to enhanced coverage mode (and vice versa) is supported by a means of intra-cell handover or RRC configuration without handover.



The cell selection criterion is described in TS 36.304 clause 5.2.3.2 [3]:
	The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
if PPowerClass is 14 dBm:
max(PEMAX1 –(PPowerClass – Poffset), 0) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 36.101 [33]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101 [33]



⁞
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).



[bookmark: _Hlk521491759]In our view any updates to the idle mode behaviour of non-BL UEs using enhanced coverage functionality should be RAN2-led and motivated by use cases. 
[bookmark: O1]Observation 1	Any updates to the idle mode behaviour of non-BL UEs using enhanced coverage functionality should be RAN2-led and motivated by use cases.
2.2	UE demodulation performance requirements for 2RX antennas and full duplex FDD
“UE demodulation performance requirements for 2 RX antennas and full duplex FDD” has also been listed as a potential candidate for improving CE Mode A and B for non-BL UEs. The Technical Specification 36.101, which is under RAN4 responsibility, contains already several requirements touching upon this description from Rel-13 (e.g., clause 8.11.1.1.2, “Closed-loop spatial multiplexing performance”, which assumes 2Rx for CE Mode A and clause 8.11.1.1.3, “Transmit diversity performance”, which assumes 2Rx for CE Mode B) [4]. Indeed, RAN4 has already covered performance requirements related to “CEMode A/B + 2Rx/4Rx + FDD/HD-FDD/TDD,” as can be seen from clause 8.1.2.8A of [4].
[bookmark: _Hlk521496279][bookmark: O2]Observation 2	RAN4 has already standardized performance requirements related to “CEMode A/B + 2Rx/4Rx + FDD/HD-FDD/TDD”. Hence, any “UE demodulation performance requirement concerning this candidate may only be triggered if a new feature touching upon “2 RX antennas and full duplex FDD” were in the end standardized.
2.3	Dual layer DL reception
Aiming at increasing the data rate, multiple data layers are transmitted simultaneously in the same frequency range via multiple transmit antennas to multiple receive antennas. In a dual-layer transmission scheme, two data streams are transmitted over Nt ≥ 2 antennas, while the receiver detects the transmitted streams using Nr ≥ 2 receive antennas. 
To develop an intuition on the applicability of “Dual layer DL reception” as a potential improvement for non-BL UEs in CE mode A and B, we need to consider how a dual-layer transmission behaves in low and high SNR, respectively.
· High SNR case: At high SNR, the rank of the channel matrix determines the capacity (multiplexing gain). For large SNR, the spectral efficiency of the MIMO channel is greater than the one of a SISO channel. The capacity increases linearly with the rank of the MIMO channel matrix.

· Low SNR case: At low SNR, only a few or even just one of the eigenvalues of the MIMO channel matrix become larger than the noise floor, meaning a low rank of the channel matrix. Thus, at low SNR the channel capacity is limited by the strength of the strongest channel mode and the ability of the transmitter to beamform in that direction. Moreover, at low SNR(s), channel estimates are significantly worse, resulting in a higher uncertainty of the estimates for resolving the MIMO channel matrix (e.g., eigenvalues), which in turn decreases the decoding performance.


Based on the above, the applicability of “Dual layer DL reception”  for non-BL UE in deep coverage needs to be studied/proven, since only for a large SNR the capacity increases linearly with the rank of the MIMO channel matrix, which might not be the case even for non-BL UE in CE Mode A, let alone non-BL UEs in CE mode B..
[bookmark: O3]Observation 3	“Dual layer DL reception” has also been considered as a mean of improving CE Mode A and B for non-BL UEs. Nonetheless, fundamental MIMO aspects seem to indicate that the applicability of dual layer DL reception for non-BL UEs in deep coverage needs to be studied/proven, since only for a large SNR the capacity increases linearly with the rank of the MIMO channel matrix, which might not be the case even for non-BL UE in CE Mode A, let alone non-BL UEs in CE mode B.
2.4	Feedback based on CSI-RS
In Rel-10, up to 8 layers were made available for spatial multiplexing, which created a need for 8-layer channel estimation due that the Cell-specific RS (CRS) was originally designed for up to 4-layer spatial multiplexing. This was the reason the Channel State Information Reference Signal (CSI-RS) was introduced, which is used to provide channel estimation for up to 8 layers (antenna ports). One important aspect to mention is that due to the sparse placement of CSI-RS (as to minimize the interference on UEs that perceive CSI-RS as interference), the CSI-RS-based CSI reports will be reported over longer time intervals than CRS-based CSI reports.
It is quite possible that CSI reporting based on CSI-RS can show similar benefits for a UE operating in coverage enhancement as when the feature was introduced to support TM9 in Rel-10. In particular, it can be expected to be useful for transmission based on beamforming, since improved channel estimation can be crucial for improving the selection of correct precoder at low SNR. Moreover, for single-layer beamforming in TM9, the actually used precoder can be completely transparent to the UE, which only performs channel estimation and demodulation based on one UE-specific antenna port, even if multiple CSI-RS ports are used to derive the precoder matrix in the CSI report. Whether or not there are any significant gains for at least some practical scenarios should be studied and shown by simulations.
[bookmark: O4]Observation 4	Feedback based on CSI-RS can be expected to show benefits for beamforming-based transmission also in deep coverage.
2.5	ETWS/CMAS in connected mode
The last of the listed candidates for improving non-BL UEs in CE Mode A and B is “ETWS/CMAS in connected mode”. ETWS stands for Earthquake and Tsunami Warning System, which is a public warning system aimed at broadcasting emergency information to users within a specific area in situations such as an Earthquake or a Tsunami. CMAS stands for Commercial Mobile Alert System, which can also be used e.g. for notifications and warnings in emergency situations. The Technical Specification 36.331 clause 4.2.1 refers to the “UE states and state transitions including inter RAT”, where in terms of ETWS/CMAS the following is stated [5]:
-	RRC_IDLE:
-	The UE:
-	Monitors a Paging channel to detect incoming calls, system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification;
-	RRC_CONNECTED:
-	The UE:
-	Monitors a Paging channel and/ or System Information Block Type 1 contents to detect system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification (not applicable for NB-IoT);
In Rel-16, the intention is to make ETWS/CMAS available in connected mode for non-BL UEs if possible in both CE Mode A and B. On this matter, any updates to ETWS/CMAS in connected mode for non-BL UEs using enhanced coverage functionality should be lead and discussed in RAN2.
[bookmark: O5]Observation 5	Any updates to ETWS/CMAS in connected mode for non-BL UEs using enhanced coverage functionality should be lead and discussed in RAN2.
Based on the above discussion we have the following proposal:
[bookmark: P1]Proposal 1	Discuss the RAN1 related candidates (i.e., Dual layer DL reception, Feedback based on CSI-RS) to improve CE Mode A and B for non-BL UEs as to commence a down-selection, and let RAN2 lead the discussion on “Enhancements to idle mode mobility” and “ETWS/CMAS in connected mode”.
3	Conclusion
In the previous sections we made the following observations: 
· Enhancements to idle mode mobility
Observation 1	Any updates to the idle mode behaviour of non-BL UEs using enhanced coverage functionality should be RAN2-led and motivated by use cases.
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
Observation 2	RAN4 has already standardized performance requirements related to “CEMode A/B + 2Rx/4Rx + FDD/HD-FDD/TDD”. Hence, any “UE demodulation performance requirement concerning this candidate may only be triggered if a new feature touching upon “2 RX antennas and full duplex FDD” were in the end standardized.
· Dual layer DL reception
Observation 3	“Dual layer DL reception” has also been considered as a mean of improving CE Mode A and B for non-BL UEs. Nonetheless, fundamental MIMO aspects seem to indicate that the applicability of dual layer DL reception for non-BL UEs in deep coverage needs to be studied/proven, since only for a large SNR the capacity increases linearly with the rank of the MIMO channel matrix, which might not be the case even for non-BL UE in CE Mode A, let alone non-BL UEs in CE mode B.

· Feedback based on CSI-RS
Observation 4	Feedback based on CSI-RS can be expected to show benefits for beamforming-based transmission also in deep coverage.

· ETWS/CMAS in connected mode
Observation 5	Any updates to ETWS/CMAS in connected mode for non-BL UEs using enhanced coverage functionality should be lead and discussed in RAN2.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Discuss the RAN1 related candidates (i.e., Dual layer DL reception, Feedback based on CSI-RS) to improve CE Mode A and B for non-BL UEs as to commence a down-selection, and let RAN2 lead the discussion on “Enhancements to idle mode mobility” and “ETWS/CMAS in connected mode”.
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