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1 Introduction
Release 15 LTE-MTC WI introduced numerous features for machine-type communications for BL/CE UEs [1]. The term BL/CE UE refers to both Bandwidth-reduced Low-complexity (BL) UEs and non-BL UEs in coverage enhancement (CE). The term non-BL/CE UE means a UE that is neither a BL UE nor a non-BL UE in CE. It is noteworthy that the same terminology has been used in 3GPP since the first LTE-MTC release in release 13 (eMTC). 
The applicability requirements of non-BL CE UE requirements have been discussed for several meetings in RAN4 without any progress. This topic was also discussed in the last RAN plenary meeting and it was agreed that the RAN4 shall discuss the technical content and the corrected CR is to be submitted to the RAN plenary for approval [2]. 
In this contribution we discuss the applicability of RRM requirements for non-BL CE UE in release 15 and provide the justification for the changes proposed in our companion contribution [3].
2 Discussion 

Section 3.6.1 in TS 36.133 contains the general applicability requirements of the RRM requirements defined in [4]. In particular, the applicability of non-BL CE UE requirements is defined as follows:
	-
Unless explicitly defined the following additional requirements are applicable to non-BL/CE UE:

-
Cell Selection and Re-selection Requirements in section 4.7

-
Handover requirements in section 5.5 and 5.6

-
Random access requirements in section 6.2.3

-
RRC re-establishment requirements in section 6.7

-
RRC connection release with redirection requirements in section 6.8

-
UE transmit timing requirements in section 7.26

-
Radio Link monitoring requreiements in section 7.19

-
Timing advance requirements in section 7.28

-
UE timer accuracy requirement in section 7.27

-
E-UTRAN intra frequency measurement requirements in section 8.13.2.1 and 8.13.3.1
-
E-UTRAN inter frequency measurement requirements in section 8.13.2.6 and 8.13.3.5
-
UE measurement capability in section 8.13.2.7 and 8.13.3.6
-
E-UTRAN E-CID measurements requirements in section 8.13.2.5.1, 8.13.2.5.2, 8.13.2.5.3, 8.13.2.5.4, 8.13.2.5.5, 8.13.2.5.6 and 8.13.3.4
-
E-UTRAN OTDOA RSTD measurements requirements in section 8.16.2.3, 8.16.2.4, 8.16.3.1 and 8.16.3.2.

-
Measurement accuracy requirements in section 9.1.21 and 9.1.25 if the UE is of category 1bis.


According to the above applicability requirements, following features are supported by non-BL CE requirements:
· Support for higher UE velocity
· New gaps for dense PRS configurations

· Reduced system acquisition time

Higher velocity requirements

The RRM requirements for higher velocity support were defined in clause 8.13.2.1 and 8.13.2.6 of [4] for intra-frequency and inter-frequency operation respectively, and they apply only for CEModeA operation. It is noteworthy that the higher velocity requirements are numerically identical to the legacy cat-M requirements except for measurement gap sharing factor, see for example Table 8.13.2.1.1.1-2A for FDD. This means all the higher velocity measurement requirements (including measurement period, measurement reporting delay, measurement accuracy) are identical to the normal cat-M requirements, however the UE is allowed to use more allocation of measurement gaps to meet those requirements. Nevertheless, this does not affect the non-BL UE requirements, especially since these UEs are capable of receiving over larger DL bandwidth compared to BL UEs. Hence, they do not need measurement gaps to meet the same measurement requirements. 
Moreover, it is important to note that the non-BL CE UEs (except cat-1bis) typically have more than 1 receive antenna in contrast to BL UEs. It is also natural to assume that the measurement performance improves with increased number of receive antennas. It has been well studied and observed in RAN4 that measurement performance degrades with 1 receive antenna compared to legacy LTE UE measurement performance (e.g. release 8 UEs), and it was for this reason the measurement requirements have been relaxed in RAN4. Hence, it is obvious that measurement requirements which can be met by a single receive antenna UE should certainly be possible to be met by also UEs of at least two receive antennas. 
· Observation #1: Higher-velocity measurement requirements are identical to legacy cat-M measurement requirements.
· Observation #2: Non-BL CE UEs do not need measurement gaps to meet the legacy cat-M requirements.

· Observation #3: Non-BL CE UE measurement performance is at least equal or better than legacy cat-M measurement performance. 
· Proposal #1: Higher velocity RRM requirements shall apply for non-BL CE UEs.
New gaps for dense PRS configurations
New measurement gaps, also called gaps for dense PRS configurations, were introduced in release 15 LTE-MTC and can be found in Table 8.1.2.1-3 in [4]. Since the non-BL CE UEs are capable of receiving downlink over larger bandwidth compared to BL UEs, they do not need rely on measurement gaps for performing OTDOA RSTD measurements. Thus, OTDOA RSTD measurement requirements requiring configuring of any of the measurement gaps in Table 8.1.2.1-3 should not apply to non-BL CE UEs.
· Proposal #2: OTDOA RSTD measurement requirements requiring any of the measurement gaps in Table 8.1.2.1-3 shall not apply to non-BL CE UEs.  
Reduced system acquisition time
The work item included an objective to reduce the system acquisition time including MIB and SIB1-BR. This was achieved by UE performing cross-TTI combining of the received MIB and SIB1-BR repetitions under some assumptions on MIB and SIB1-BR content. Consequently, CGI acquisition delay was reduced from 5210 ms to 3200 ms when employing cross-TTI combing technique. This is an optional feature, and UEs which do not employ this feature shall meet the legacy CGI delay requirements of 5210 ms. These requirements, which were derived based on simulation study assuming single receive antenna, are in fact very relaxed for a non-BL CE UE which has at least two receive antennas and therefore should not have any problem in fulfilling them. In addition, for non-BL CE UEs which do not support cross-TTI MIB/SIB1-BR decoding the legacy requirements of 5210 ms apply. As a comparison, it is worth mentioning that the corresponding CGI reading requirements for a release 8 LTE is 150 ms under the side condition of Es/Iot -6 dB. 
· Observation #4: Cross-TTI MIB/SIB1-BR decoding is an optional feature, i.e. not all non-BL CE UEs may support it.
· Observation #5: Cat-M CGI reading delay requirements derived assuming single receive antenna are very relaxed for a non-BL CE UE with at least two receive antenna. 
· Proposal #3: Enhanced SI reading requirements assuming cross-TTI MIB/SIB1-BR decoding shall apply for non-BL CE UEs.
CRS muting
Another feature which was introduced in release 15 LTE-MTC WI was CRS muting. All requirements related to CRS muting are defined in the applicability section of 3.6.1.1 and 3.6.1.2 for category M1 and M2 respectively. The release WI objective for CRS muting also explicitly states BL UE and not non-BL/CE UE.  It is observed that none of these sections are included in the list of requirements introduced for non-BL CE UE, see the list in Section 2. Thus, no changes are needed in the specification.
· Observation #6: Current specification does not support CRS muting for non-BL CE UE.
3 Conclusion

In this contribution, we have discussed the applicability of non-BL CE UE requirements and identified three features which were not clear whether they should be supported by non-BL CE UEs. We have provided discussions and justifications for the proposed changes in our companion CR. Based on the discussions, following observations and proposals were made:
· Observation #1: Higher-velocity measurement requirements are identical to legacy cat-M measurement requirements.

· Observation #2: Non-BL CE UEs do not need measurement gaps to meet the legacy cat-M requirements.

· Observation #3: Non-BL CE UE measurement performance is at least equal or better than legacy cat-M measurement performance. 

· Observation #4: Cross-TTI MIB/SIB1-BR decoding is an optional feature, i.e. not all non-BL CE UEs may support it.

· Observation #5: Cat-M CGI reading delay requirements derived assuming single receive antenna are very relaxed for a non-BL CE UE with at least two receive antenna. 

· Observation #6: Current specification does not support CRS muting for non-BL CE UE.
· Proposal #1: Higher velocity RRM requirements shall apply for non-BL CE UEs.
· Proposal #2: OTDOA RSTD measurement requirements requiring any of the measurement gaps in Table 8.1.2.1-3 shall not apply to non-BL CE UEs.  
· Proposal #3: Enhanced SI reading requirements assuming cross-TTI MIB/SIB1-BR decoding shall apply for non-BL CE UEs. 
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