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1
Introduction
The Rel-14 feMTC Work Item [1] has been defining the requirements for Rel-14 Category M1 and M2 devices in TS 36.101 [4] and TS 36.133 [5].  However, the specification does not clarify if any of these requirements also apply to UEs which are not bandwidth-reduced and low-complexity (non-BL) and which support coverage enhancement (CE).  We note that non-BL UEs which support CE may be of any LTE category.  This paper shares Intel’s views on the topic of RRM requirements for non-BL UEs which support CE.
2
Discussion
The starting point of this discussion is similar to the Rel-13 discussion on RRM requirements for non-BL UE/CE UEs prepared for the eMTC Work Item [12].  Because some aspects, such as new Rel-14 UE capabilities in feMTC cannot be mirrored from Rel-13, this paper addresses all of the relevant topics from the Rel-14 perspective.
2.1
Applicability clause
The applicability of requirements for the coverage enhancement feature of feMTC needs to be corrected in Clause 3.6 of TS36.133, since UEs of any category can support CE.  Furthermore, Annex B.1.3 defines the side conditions for idle mode requirements (≥ -4 for normal coverage and ≥ -15 for enhanced coverage), while Clause 3.6 refers to the SNR points of ≥ -6 for normal coverage and ≥ -15 for enhanced coverage.  This is a contradiction, and it is desired to resolve it by replacing the values with a reference to the Annex. 

We note that the introduction of larger bandwidth capability for feMTC, which is not applicable to Category M1, motivates the change of the channel and transmission BW from 1.4 MHz to a BW according to UE capability.

Proposal 1: adopt the following corrections to Clause 3.6.1 of TS 36.133:

-
The requirements for UE category M2 are derived assuming: DL Category M2 and Uplink Category M2, operation in any LTE system bandwidth but with a channel bandwidth and transmission bandwidth according to UE capability in downlink and uplink, and a single antenna receiver. DL and UL categories are defined in [31].

-
The Category M2 requirements for normal coverage in idle mode shall apply provided the UE category M2 is with the radio condition as specified in Tables B.1.3-1 and B.1.3-2, depending on UE capability

-
The Category M2 requirements for enhanced coverage in idle mode shall apply provided the UE category M2 is with the radio condition as specified in Tables B.1.3-3 and B.1.3-4, depending on UE capability.

-
The Category M2 requirements for CEMode A shall apply provided the UE category M2 is configured with CEMode A and with the radio condition as specified in Tables B.2.14-1 and B.2.14-2, depending on UE capability.   The CEMode A and the number of repetition levels for different physical channels are defined in [3]. 

-
The Category M2 requirements for CEMode B shall apply provided the UE category M2 is configured with CEMode B and with the radio condition as specified in Tables B.2.14-3 and B.2.14-4. The CEMode B and the number of repetition levels for different physical channels are defined in [3].
-
If a Category M2 UE has only CE Mode A capability, then only CE Mode A requirements for Category M2 apply in connected mode, and only normal coverage requirements for Category M2 apply in idle mode.
-
If a Category M2 UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements for Category M2 apply in connected mode and normal coverage and enhanced coverage requirements for Category M2 apply in idle mode.
We note that the non-BL/CE applicability of requirements has been introduced in the Rel-13 discussion of this issue, and the corresponding Rel-13 CR has been mirrored to Rel-14.
2.2
Measurement capability in idle mode

It useful to consider three scenarios according to which a non-BL/CE UE performs measurements of neighbour cells:
Scenario 1: Non-BL/CE UE camped on a cell acquired using legacy LTE system information (SIB1)
Scenario 2: Non-BL/CE UE camped on a cell acquired using bandwidth-reduced system information (SIB1-BR) under normal coverage side conditions

Scenario 3: Non-BL/CE UE camped on a cell acquired using bandwidth-reduced system information (SIB1-BR) under enhanced coverage side conditions
In the case of Scenario 1, the UE is not required to maintain both SIB1 and SIB1-BR for any given cell, but this behaviour is not precluded in the specifications.  Thus, the UE may also monitor neighbour cells acquired using SIB1-BR, but this behaviour is not required.  Therefore, we anticipate no change to the specification for this scenario.
In the case of Scenario 2, Clause 4.2.1 of TS36.133 [5] contains the following:
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RAN2 has introduced a new UE IOT bit indicating the UE’s support of intra- and inter- frequency measurements of RSRQ in connected mode (ceMeasurements-r14).  This bit is mandatory for Category M1 and Category M2 in Rel-14.  However, it is not clear whether this bit also implies that intra- and inter- frequency measurements of RSRQ are also mandatory for Category M1 and Category M2 in Rel-14 in idle mode.

Proposal 2: Clarification is needed whether the IOT bit ceMeasurements-r14 applies to idle mode.  Sending an LS to RAN2 to clarify this issue is proposed.
Two possible outcomes can be envisioned (other outcomes are not precluded):

Option 1: The IOT bit applies to idle mode in the same way.  Thus, intra- and inter- frequency RSRQ measurement capability in Rel-14 aligns the idle mode measurement capability between Category M1/M2 and non-BL/CE UEs.  Thus, all three device types are expected to perform RSRP and RSRQ measurements of intra- and inter-frequency neighbour cells when camped on a cell acquired using SIB1-BR.
Option 2: The IOT bit does not apply to idle mode and a separate IOT bit is defined for idle mode in a similar manner (i.e. it is defined as mandatory for both categories in Rel-14).  This raises the possibility of mixed RSRQ measurement support across connected and idle modes.  In this case, further discussions are needed to align the RAN4 specification.

The analysis and proposals in this paper pertaining to RSRQ measurement capability are written assuming Option 1 represents the clarification of RAN2 intentions.  Further confirmation of the RAN2 decision is needed prior to adopting such proposals as agreements.
According to Clause 23.7b of TS36.300 [2], inter-RAT mobility is not precluded from Category M2 or non-BL/CE UEs:
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Furthermore, TS36.331 [13] does not preclude the interRAT-Parameters IE from the Rel-13 version of UE-EUTRA-Capability IE, which includes the ce-Parameters IE.  Thus, our understanding is that Category M2 and non-BL/CE UEs can support inter-RAT mobility, depending on capability.  
Proposal 2: based on Option 1, adopt the following correction to the normal coverage paragraph of Clause 4.2.1 of TS36.133:
The Category M1/M2 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is in normal coverage shall attempt to detect, synchronise, and monitor intra-frequency, inter-frequency and, depending on capability, inter-RAT cells indicated by the serving cell according to the requirements in section 4.2.2.
In the case of Scenario 3, Clause 4.2.1 of TS36.133 [5] contains the following:
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Similarly to the above reasoning, a clarification is needed regarding the camped cell and the applicability to non-BL UEs which support CE.
Proposal 3: based on Option 1, adopt the following correction to the enhanced coverage paragraph of Clause 4.2.1 of TS36.133:

The Category M1/M2 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is in enhanced coverage conditions, the requirements in Clause 4.2.2.11 apply.

Further corrections to Clause 4.2.2.11 are discussed in the next section of this paper.

Proposal 4: to further clean up the applicability reference from Clause 4.2.1 to Clause 3.6, the following further correction is proposed:

UE category M2, non-BL/CE UE, and normal coverage applicability of the requirements are defined in Clause 3.6.
UE category M2, non-BL/CE UE, and enhanced coverage applicability of the requirements are defined in Clause 3.6.
2.3
Cell re-selection

In this section we refer to the same three scenarios described in Section 2.2.

Regarding Scenario 1, the same reasoning as described above is applicable, and we anticipate no change to the specification for this scenario.
In the case of Scenario 2, one aspect currently not addressed by the cell re-selection requirements is the applicability of each requirement to the non-BL/CE UE. 
Proposal 5: based on Option 1, in order to clarify the applicability of the serving cell measurement requirement and to make the applicability of normal coverage conditions explicit, the following correction is proposed to Clause 4.2.2.1:

If the UE is a category M1/M2 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, and it is in the normal coverage of the serving cell, it shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S for normal coverage, as defined in [36.304], for the serving cell at least every DRX cycle.

Based on Option 1, the intra-frequency requirements in Clause 4.2.2.3 and the inter-frequency requirements in Clause 4.2.2.4 are currently written with respect to any LTE UEs and can remain without change.

Regarding inter-RAT measurements, we note that based on Option 1 the Rel-14 Category M1/M2 UE and the non-BL/CE UE are required to perform both RSRP and RSRQ measurements (see Proposal 2).  Clause 4.2.2.5, as currently written with respect to any LTE UE, can remain without change.

In the case of Scenario 3, the introduction of the new S criterion for enhanced coverage [10] as well as the need to clarify applicability motivate the following corrections.
Proposal 6: based on Option 1, in order to align the RAN4 RRM specification with the applicable S criteria and to clarify the applicability, the following correction is proposed to Clause 4.2.2.11.1:
If the UE is a category M1/M2 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, and it is in enhanced coverage, it shall measure the RSRP and RSRQ levels of the serving cell and evaluate the cell selection criterion S for enhanced coverage based on Qrxlevmin_CE and Qrxqualmin_CE, if it supports only CE Mode A, or Qrxlevmin_CE1 and Qrxqualmin_CE1, if it supports CE Mode B, as defined in [36.304], for the serving cell at least every DRX cycle.

Likewise, in Clause 4.2.2.12 the correction of applicability of requirements is merited.

Proposal 7: based on Option 1, in order to align the RAN4 RRM specification with the applicable S criteria the following correction is proposed to Clause 4.2.2.11.2:

If the UE is a category M1/M2 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, it shall be able to identify new intra-frequency cells and perform RSRP and RSRQ measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.  The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the cell selection criterion S for enhanced coverage based on Qrxlevmin_CE and Qrxqualmin_CE, if it supports only CE Mode A, or Qrxlevmin_CE1 and Qrxqualmin_CE1, if it supports CE Mode B, as defined in [36.304], within Tdetect,EUTRAN_Intra_EC when that Treselection= 0. An intra frequency cell is considered to be detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot for a corresponding Band as defined in Annex B.1.3.

Based on Option 1, because Rel-14 feMTC introduces inter-frequency measurement capability, a new clause is needed.

Proposal 8: Based on Option 1, a new clause defining the inter-frequency cell reselection requirement for Category M1/M2 and non-BL/CE UEs in enhanced coverage is needed in the Rel-14 RRM specification.

2.4
Conditions for measurements

Annex B.1.3 defines the side conditions for measurement requirements for feMTC UEs and should be aligned with the applicability corrections for non-BL/CE UEs.  Furthermore, the applicability of the tables should align with feMTC idle mode requirement conditions (i.e. normal coverage/enhanced coverage) and not with connected mode conditions (CE Mode A/CE Mode B).
Proposal 9: It is proposed to change the heading of B.1.3 to “Conditions for measurements of intra-frequency EUTRAN cells for cell re-selection for UE supporting coverage enhancement”

Proposal 10: It is proposed to replace instances of “CE Mode A” and “CE Mode B” in the table headings with “normal coverage” and “enhanced coverage,” respectively

Since the changes are same as the Rel-13 eMTC case, a Cat-A CR is used to capture the change to Annex B.1.3 for feMTC in Rel-14.

2.5
Measurement capability in connected mode
With the introduction of measurement gap sharing among intra- and inter- frequency measurements, as well as the recent RAN2 CRs on updated handover procedures between wideband/bandwidth-reduced and bandwidth-reduced/bandwidth-reduced, further study is merited into the impact of these changes on the RAN4 RRM specification.

Proposal 11: The impact of measurement gap sharing among intra- and inter- frequency measurements and updated RAN2 handover procedures for feMTC on the RAN4 RRM specification should be studied.
3
Conclusions
This paper shared Intel’s views on the topic of RRM requirements for non-BL UEs which support CE.  The following proposal has been made: 

Proposal 1: adopt the following corrections to Clause 3.6.1 of TS 36.133:

-
The requirements for UE category M2 are derived assuming: DL Category M2 and Uplink Category M2, operation in any LTE system bandwidth but with a channel bandwidth and transmission bandwidth according to UE capability in downlink and uplink, and a single antenna receiver. DL and UL categories are defined in [31].

-
The Category M2 requirements for normal coverage in idle mode shall apply provided the UE category M2 is with the radio condition as specified in Tables B.1.3-1 and B.1.3-2, depending on UE capability

-
The Category M2 requirements for enhanced coverage in idle mode shall apply provided the UE category M2 is with the radio condition as specified in Tables B.1.3-3 and B.1.3-4, depending on UE capability.

-
The Category M2 requirements for CEMode A shall apply provided the UE category M2 is configured with CEMode A and with the radio condition as specified in Tables B.2.14-1 and B.2.14-2, depending on UE capability.   The CEMode A and the number of repetition levels for different physical channels are defined in [3]. 

-
The Category M2 requirements for CEMode B shall apply provided the UE category M2 is configured with CEMode B and with the radio condition as specified in Tables B.2.14-3 and B.2.14-4. The CEMode B and the number of repetition levels for different physical channels are defined in [3].
-
If a Category M2 UE has only CE Mode A capability, then only CE Mode A requirements for Category M2 apply in connected mode, and only normal coverage requirements for Category M2 apply in idle mode.
-
If a Category M2 UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements for Category M2 apply in connected mode and normal coverage and enhanced coverage requirements for Category M2 apply in idle mode.
Proposal 2: Clarification is needed whether the IOT bit ceMeasurements-r14 applies to idle mode.

Proposal 3: based on Option 1, adopt the following correction to the enhanced coverage paragraph of Clause 4.2.1 of TS36.133:

The Category M1/M2 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is in enhanced coverage conditions, the requirements in Clause 4.2.2.11 apply.

Proposal 4: to further clean up the applicability reference from Clause 4.2.1 to Clause 3.6, the following further correction is proposed:

UE category M2, non-BL/CE UE, and normal coverage applicability of the requirements are defined in Clause 3.6.
UE category M2, non-BL/CE UE, and enhanced coverage applicability of the requirements are defined in Clause 3.6.
Proposal 5: based on Option 1, in order to clarify the applicability of the serving cell measurement requirement and to make the applicability of normal coverage conditions explicit, the following correction is proposed to Clause 4.2.2.1:

If the UE is a category M1/M2 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, and it is in the normal coverage of the serving cell, it shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S for normal coverage, as defined in [36.304], for the serving cell at least every DRX cycle.

Proposal 6: based on Option 1, in order to align the RAN4 RRM specification with the applicable S criteria and to clarify the applicability, the following correction is proposed to Clause 4.2.2.11.1:

If the UE is a category M1/M2 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, and it is in enhanced coverage, it shall measure the RSRP and RSRQ levels of the serving cell and evaluate the cell selection criterion S for enhanced coverage based on Qrxlevmin_CE and Qrxqualmin_CE, if it supports only CE Mode A, or Qrxlevmin_CE1 and Qrxqualmin_CE1, if it supports CE Mode B, as defined in [36.304], for the serving cell at least every DRX cycle.

Proposal 7: based on Option 1, in order to align the RAN4 RRM specification with the applicable S criteria the following correction is proposed to Clause 4.2.2.11.2:

If the UE is a category M1/M2 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, it shall be able to identify new intra-frequency cells and perform RSRP and RSRQ measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.  The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the cell selection criterion S for enhanced coverage based on Qrxlevmin_CE and Qrxqualmin_CE, if it supports only CE Mode A, or Qrxlevmin_CE1 and Qrxqualmin_CE1, if it supports CE Mode B, as defined in [36.304], within Tdetect,EUTRAN_Intra_EC when that Treselection= 0. An intra frequency cell is considered to be detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot for a corresponding Band as defined in Annex B.1.3.

Proposal 8: Based on Option 1, a new clause defining the inter-frequency cell reselection requirement for Category M1/M2 and non-BL/CE UEs in enhanced coverage is needed in the Rel-14 RRM specification.

Proposal 9: It is proposed to change the heading of B.1.3 to “Conditions for measurements of intra-frequency EUTRAN cells for cell re-selection for UE supporting coverage enhancement”

Proposal 10: It is proposed to replace instances of “CE Mode A” and “CE Mode B” in the table headings with “normal coverage” and “enhanced coverage,” respectively

Proposal 11: The impact of measurement gap sharing among intra- and inter- frequency measurements and updated RAN2 handover procedures for feMTC on the RAN4 RRM specification should be studied.
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If the UE is of category M1 and in normal coverage, it shall attempt to detect, synchronise, and monitor intra-frequency cells indicated by the serving cell according to the requirements in section 4.2.2, except that UE is not required to perform RSRQ measurement. The UE category M1 and normal coverage applicability of the requirements is defined in Section 3.6.





Connected mode mobility mechanisms such as measurement reporting, network controlled handover etc., are supported for UEs in enhanced coverage. No additional mechanisms are introduced to support the use of enhanced coverage functionality to access an E-UTRA cell during inter-RAT handovers.





If the UE is in enhanced coverage as defined in section 3.6, the requirements in section 4.2.2.11 apply.
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