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1
Introduction
The Rel-13 eMTC Work Item [1] has finalized the requirements for Category M1 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
According to TS 36.300 [2], the CE feature is not restricted to Category M1 UEs and can be supported by any category LTE UE:

[image: image1]
Support for CE features by non-BL UEs which support CE is further subdivided into CE Mode A or CE Mode A and CE Mode B.

Examining the core and performance parts of TS 36.133, we observe that RAN4 has not explicitly defined RRM and demodulation requirements for a UE of any category that supports the CE feature.  During the RAN4 #82 meeting, a discussion was raised on this topic in [6].  Two outcomes were agreed during the meeting.  A way forward on RRM requirements captured the following agreements [7]:
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An LS to RAN2 captured the following agreements and request for clarification [8]:
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During the RAN2 #97 meeting, RAN2 had introduced a new S criterion for UEs that support CE Mode B [9]:
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The referenced CR for TS36.304 contains the following corrections [10]:
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2.1
Applicability clause
The applicability of requirements for the coverage enhancement feature of eMTC 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. 

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

-
The requirements for UE category M1 are derived assuming: DL Category M1 and Uplink Category M1, operation in any LTE system bandwidth but with a channel bandwidth of 1.4 MHz and transmission bandwidth of 6 PRBs in downlink and uplink, and a single antenna receiver. DL UE category M1 and UL UE category M1 are defined in [31].
-
The Category M1 requirements for normal coverage in idle mode shall apply provided the UE category M1 is with the radio condition as specified in Tables B.1.3-1 and B.1.3-2, depending on UE capability

-
The Category M1 requirements for enhanced coverage in idle mode shall apply provided the UE category M1 is with the radio condition as specified in Tables B.1.3-3 and B.1.3-4, depending on UE capability.

-
The Category M1 requirements for CEMode A shall apply provided the UE category M1 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 M1 requirements for CEMode B shall apply provided the UE category M1 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 M1 UE has only CE Mode A capability, then only CE Mode A requirements for Category M1 apply in connected mode, and only normal coverage requirements for Category M1 apply in idle mode.
-
If a Category M1 UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements for Category M1 apply in connected mode and normal coverage and enhanced coverage requirements for Category M1 apply in idle mode.
-
The requirements for non-bandwidth reduced low complexity UEs which support coverage enhancement (non-BL/CE) are derived assuming: any DL and UL category, operation in any LTE system bandwidth but with a channel bandwidth of 1.4 MHz and transmission bandwidth of 6 PRBs in downlink and uplink, and a dual-antenna receiver. Support of UEs in enhanced coverage is defined in [31].

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

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

-
The non-BL/CE requirements for CEMode A shall apply provided the UE is non-BL/CE and 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 non-BL/CE requirements for CEMode B shall apply provided the UE is non-BL/CE and 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 non-BL/CE UE has only CE Mode A capability, then only CE Mode A requirements for non-BL/CE UE apply in connected mode, and only normal coverage requirements for non-BL/CE UE apply in idle mode.
-
If a non-BL/CE UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements for non-BL/CE UE apply in connected mode and normal coverage and enhanced coverage requirements for non-BL/CE UE apply in idle mode.
The intention is to capture Proposal 1 as a CR to the Rel-13 specification and to mirror it to the Rel-14 specification.
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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In the case of the Category M1 UE, there is no ambiguity in this requirement with regards to the camped cell (i.e. it is a cell which the Category M1 UE acquired using SIB1-BR).  However, in the case of the non-BL/CE UE, this part is not clear unless explicitly stated in the specification.  Furthermore, the non-BL/CE UE should also not have to perform RSRQ measurement when camped on such a cell, because a requirement otherwise would imply that the non-BL/CE UE may potentially have to maintain copies of SIB1-BR and SIB1 for some cell.  Although the non-BL/CE UE is capable of RSRQ measurements of neighbour cells, this capability is not needed, because the serving cell measurement requirement is with RSRP only, and an RSRQ measurement of an intra-frequency neighbour cell by such a UE would not add value to the reselection criterion evaluation.
Proposal 2: adopt the following correction to the normal coverage paragraph of Clause 4.2.1 of TS36.133:
When the Category M1 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is 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.
We note that this proposal does not preclude the non-BL/CE UE from performing RSRQ measurements and leaves this aspect to UE implementation.
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: adopt the following correction to the enhanced coverage paragraph of Clause 4.2.1 of TS36.133:

When the Category M1 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is in enhanced coverage, 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 M1, non-BL/CE UE, and normal coverage applicability of the requirements are defined in Clause 3.6.
UE category M1, 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.  Proposals 5 through 8 below address this gap.
Proposal 5: in order to clarify the applicability of the serving cell measurement requirement, the following correction is proposed to Clause 4.2.2.1:

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

Proposal 6: in order to clarify the applicability of the intra-frequency measurement requirement, the following correction is proposed to Clause 4.2.2.3:

If the UE is a category M1 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 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 normal coverage based only on Qrxlevmin, as defined in [36.304], within Tdetect,EUTRAN_Intra 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.

All other UEs 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 normal coverage, as defined in [36.304], within Tdetect,EUTRAN_Intra 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.1.1.
Proposal 7: in order to clarify the applicability of the inter-frequency measurement requirement, the following correction is proposed to Clause 4.2.2.4:

If the UE is a category M1 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, it shall not be required to meet the requirements in this section.

Regarding inter-RAT measurements, we note that neither the Category M1 UE nor the non-BL/CE UE are required to perform RSRQ measurements (see Proposal 2).  We further confirm that inter-RAT re-selection requirements are not violated under such a restriction [3]:
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Proposal 8: in order to clarify the applicability of the inter-RAT measurement requirement, the following correction is proposed to Clause 4.2.2.5:
If the UE is a category M1 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, it shall not be required to meet the requirements in this section.
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 corrections in Proposals 9 and 10.
Proposal 9: 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 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, and it is in the enhanced coverage of the serving cell, it shall measure the RSRP level of the serving cell and evaluate the cell selection criterion S for enhanced coverage based only on Qrxlevmin_CE, if it supports only CE Mode A, or Qrxlevmin_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 10: 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 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 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 only on Qrxlevmin_CE, if it supports only CE Mode A, or Qrxlevmin_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.

2.4
Conditions for measurements

Annex B.1.3 defines the side conditions for measurement requirements for eMTC UEs and should be aligned with the applicability corrections for non-BL/CE UEs.  Furthermore, the applicability of the tables should align with eMTC idle mode requirement conditions (i.e. normal coverage/enhanced coverage) and not with connected mode conditions (CE Mode A/CE Mode B).
Proposal 11: 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 12: 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 for the Rel-14 feMTC case, a Cat-A CR will be used to capture the change for feMTC in Rel-14.

2.5
Measurement capability in connected mode
With the introduction of 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 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 M1 are derived assuming: DL Category M1 and Uplink Category M1, operation in any LTE system bandwidth but with a channel bandwidth of 1.4 MHz and transmission bandwidth of 6 PRBs in downlink and uplink, and a single antenna receiver. DL UE category M1 and UL UE category M1 are defined in [31].
-
The Category M1 requirements for normal coverage in idle mode shall apply provided the UE category M1 is with the radio condition as specified in Tables B.1.3-1 and B.1.3-2, depending on UE capability

-
The Category M1 requirements for enhanced coverage in idle mode shall apply provided the UE category M1 is with the radio condition as specified in Tables B.1.3-3 and B.1.3-4, depending on UE capability.

-
The Category M1 requirements for CEMode A shall apply provided the UE category M1 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 M1 requirements for CEMode B shall apply provided the UE category M1 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 M1 UE has only CE Mode A capability, then only CE Mode A requirements for Category M1 apply in connected mode, and only normal coverage requirements for Category M1 apply in idle mode.
-
If a Category M1 UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements for Category M1 apply in connected mode and normal coverage and enhanced coverage requirements for Category M1 apply in idle mode.
-
The requirements for non-bandwidth reduced low complexity UEs which support coverage enhancement (non-BL/CE) are derived assuming: any DL and UL category, operation in any LTE system bandwidth but with a channel bandwidth of 1.4 MHz and transmission bandwidth of 6 PRBs in downlink and uplink, and a dual-antenna receiver. Support of UEs in enhanced coverage is defined in [31].

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

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

-
The non-BL/CE requirements for CEMode A shall apply provided the UE is non-BL/CE and 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 non-BL/CE requirements for CEMode B shall apply provided the UE is non-BL/CE and 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 non-BL/CE UE has only CE Mode A capability, then only CE Mode A requirements for non-BL/CE UE apply in connected mode, and only normal coverage requirements for non-BL/CE UE apply in idle mode.
-
If a non-BL/CE UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements for non-BL/CE UE apply in connected mode and normal coverage and enhanced coverage requirements for non-BL/CE UE apply in idle mode.

Proposal 2: adopt the following correction to the normal coverage paragraph of Clause 4.2.1 of TS36.133:

When the Category M1 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is 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.

Proposal 3: adopt the following correction to the enhanced coverage paragraph of Clause 4.2.1 of TS36.133:

When the Category M1 UE or the non-BL/CE UE which is camped on a cell acquired using SIB1-BR and is in enhanced coverage, 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 M1, non-BL/CE UE, and normal coverage applicability of the requirements are defined in Clause 3.6.
UE category M1, non-BL/CE UE, and enhanced coverage applicability of the requirements are defined in Clause 3.6.
Proposal 5: in order to clarify the applicability of the serving cell measurement requirement, the following correction is proposed to Clause 4.2.2.1:

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

Proposal 6: in order to clarify the applicability of the intra-frequency measurement requirement, the following correction is proposed to Clause 4.2.2.3:

If the UE is a category M1 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 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 normal coverage based only on Qrxlevmin, as defined in [36.304], within Tdetect,EUTRAN_Intra 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.

All other UEs 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 normal coverage, as defined in [36.304], within Tdetect,EUTRAN_Intra 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.1.1.

Proposal 7: in order to clarify the applicability of the inter-frequency measurement requirement, the following correction is proposed to Clause 4.2.2.4:

If the UE is a category M1 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, it shall not be required to meet the requirements in this section.

Proposal 8: in order to clarify the applicability of the inter-RAT measurement requirement, the following correction is proposed to Clause 4.2.2.5:

If the UE is a category M1 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, it shall not be required to meet the requirements in this section.

Proposal 9: 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 or non-BL/CE UE which is camped on a cell acquired using SIB1-BR, and it is in the enhanced coverage of the serving cell, it shall measure the RSRP level of the serving cell and evaluate the cell selection criterion S for enhanced coverage based only on Qrxlevmin_CE, if it supports only CE Mode A, or Qrxlevmin_CE1, if it supports CE Mode B, as defined in [36.304], for the serving cell at least every DRX cycle.

Proposal 10: 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 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 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 only on Qrxlevmin_CE, if it supports only CE Mode A, or Qrxlevmin_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 11: 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 12: 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
4
References
[1] RP-150492, “Further LTE Physical Layer Enhancements for MTC,” Ericsson, 3GPP RAN #67, March 2015
[2] TS 36.300, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2,” V13.6.0, 3GPP, December 2016
[3] TS 36.304

[4] TS 36.101

[5] TS 36.133

[6] R4-1700661, “On requirements for any category UE with CE support,” Intel Corporation, 3GPP RAN4 #82, February 2017
[7] R4-1702326, “WF on RRM Requirements for UE Capable of Coverage Enhancement,” Ericsson, Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Intel, 3GPP RAN4 #82, February 2017

[8] R4-1702482, “LS on applicability of requirements to any category UE with CE support,” 3GPP RAN4 #82, February 2017

[9] R2-1702331, “LS on introducing new S criterion for CE Mode B,” 3GPP RAN2 #97, February 2017
[10] R2-1702329, “New S-criteria for enhanced coverage in idle mode,” Intel Corporation, Qualcomm Incorporated, 3GPP RAN2 #97, February 2017
[11] R4-160972, “Way Forward on eMTC,” Ericsson, Qualcomm Incorporated, Intel Corporation, CATT, Nokia Networks, 3GPP RAN

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 specification two enhanced coverage modes (mode A, mode B) are supported. The support of enhanced coverage mode A is mandatory for a BL UE.


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.


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. No additional mechanisms are introduced to support the use of enhanced coverage functionality to access an E-UTRA cell during inter-RAT handovers.





RAN4 shall specify RRM requirements for all UE Cat-L supporting CE in Rel-13.


With the exception of the RRM requirements listed below, existing RRM requirements defined for UE cat-M1 in Rel-13 can be reused for UE Cat-L according to its CE Mode capability:


Radio link monitoring (RLM),


SI acquisition time i.e. requirements involving time to acquire MIB and/or SIB1-BR 


RSRP and RSRQ measurement accuracies


RAN4 is to further investigate the above requirements under CE for UE Cat-L assuming 2Rx i.e.


RLM,


SI acquisition time (i.e. MIB and/or SIB1-BR)


RSRP/RSRQ accuracies


Timeline:


Interested companies are expected to provide analysis and results in RAN4#82bis.


Specify RRM requirements by RAN4#83 subject to the completion of analysis.





1. Overall Description


RAN4 has discussed RAN4 requirements for the support of coverage enhancement (CE) features by a UE of any category (except NB-IoT categories) and has concluded the following:


Clarification is needed on some connected mode scenarios


The following linkage between UE CE Mode capability and the applicability of RRM requirements has been agreed:


If a UE has only CE Mode A capability, then only CE Mode A requirements apply in connected mode, and only normal coverage requirements apply in idle mode


If a UE has both CE Mode A and CE Mode B capabilities, then CE Mode A and CE Mode B requirements apply in connected mode and normal coverage and enhanced coverage requirements apply in idle mode


RAN4 has specified RRM and demodulation performance requirements for category M1 UEs


RAN4 agreed to investigate RRM and demodulation performance requirements for UE of any UE category (other than Cat-M1 and Cat 0) which supports CE [R4-1702326, R4-1702164]


RAN4 respectfully asks RAN2 to take the above into account.


2. Actions


To RAN2 group:


Action 1: RAN4 respectfully asks RAN2 to clarify the following scenarios:


If a UE which supports CE and is connected to a cell which had been acquired using legacy system information can expect to receive parameters derived from SIB1-BR in a handover command in those instances where such a handover scenario is applicable


If a UE which supports CE and is connected to a cell which had been acquired using bandwidth reduced system information can expect to receive parameters derived from SIB1 in a handover command in those instances where such a handover scenario is applicable





RAN 2 has discussed the scenario where a UE supporting only CE Mode A get stuck in a cell supporting CE Mode B coverage. To solve this issue, RAN 2 agreed to introduce a new S criterion for enhanced coverage for UE supporting CE Mode B while the existing S criterion for enhanced coverage is for UE supporting only CE Mode A if the new S criterion for enhanced coverage for UE supporting CE Mode B  is broadcast.





The agreed RAN 2 CRs for TS36.304 and TS36.331 are attached.





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 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 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.





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





Cell reselection to another RAT, for which Squal based cell reselection parameters are broadcast in system information,�shall be performed based on the Squal criteria if the UE supports Squal (RSRQ) based cell reselection to E-UTRAN�from all the other RATs provided by system information which UE supports. Otherwise, cell reselection to another�RAT shall be performed based on Srxlev criteria.
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