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1. Introduction
A work item has been approved in RAN#60 on "Low cost & enhanced coverage MTC UE for LTE"[1] with the goal to specify a new UE category for MTC operation and provide a relative LTE coverage improvement of 15dB for FDD. This new UE type shall support the following capabilities:

· Reduce Cost features
· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth
· Half duplex FDD
· Coverage Enhancement features
· Repetition/TTI bundling
· PSD and RS power boosting.

Based on the fact that RAN1 is still discussing the coverage enhancement features, it is suggested to defer the detailed discussion of coverage enhancement in RAN4. In this paper we will discuss the possible impact of Low Cost MTC UE on the RAN4 RRM/Demodulation specifications.
2. Discussion
Based on the requirements defined in the work item on “Low cost & enhanced coverage MTC UE for LTE”, the following impacts to the RAN4 performance requirements are noted.
2.1. Single receive antenna
The requirements in the current UE specifications 36.101 and 36.133 are defined under the assumption that the UE is equipped with two receive antennas as the baseline. Naturally, the two receive antennas enable performance gains compared with single receiver antenna. Hence, there is a need to define both RRM and Demodulation/CSI requirements for this new UE category.
2.1.1. RRM Requirements
For RRM specification 36.133, possible following aspects may need to be revisited considering the introduction of single receive antenna in Low cost MTC UE:
· Cell selection and reselection in IDLE in Section 4.1/4.2
The necessity for cell selection and reselection requirement of low cost MTC UE needs to be studied after simulation and analysis.

· RLM in Section 7.6
The necessity for RLM requirement of low cost MTC UE also needs to be studied after simulation and analysis.

· Cell identification and measurement requirement in RRC-CONNECTED in Section 8.1
The requirement for cell identification by using single receive antenna may need to be revisited by simulation and analysis, especially the Intra-frequency measurement requirement.
· Measurement accuracy requirements in Section 9
The measurement accuracy requirement by using single receive antenna may need to be revisited by simulation, especially the Intra-frequency RSRP/RSRQ accuracy requirements.
Since low cost MTC UEs would most likely to have very limited mobility, other RRM requirements related to RRC-CONNECTED state mobility and connection mobility control also have to be revisited depending on the mobility assumptions of MTC UEs defined  by other groups. 

2.1.2. Demodulation/CSI requirements
The demodulation requirements that have to be revisited in 36.101 are listed below.

· Demodulation requirements in Section 8
· Including Demodulation of PDSCH, (E)PDCCH/PCFICH, PHICH, PBCH, and SDR(depending on whether new UE category would be defined)
· CSI requirements in Section 9
· CQI/PMI/RI reporting requirements in Sections 9.2, 9.3, and 9.4
Additional fixed reference channels also need to be defined to support MTC operation. In the design of new FRC channels, single receiver antenna feature should be jointly considered with reduced maximum TBS bits and downlink channel bandwidth, which will be further discussed in later section. 
As low cost MTC UE will not support transmissions over multiple layers, hence, it will only support a limited number of transmission modes. It is suggested to prioritize TM1/2, however TM4 single layer (TM6) and DM-RS based transmission modes with single layer (TM8/9) are not precluded for low cost MTC UE.
Observations 1: RAN4 needs to study the impact on RRM and Demodulation/CSI performance requirements for Low cost UEs with a single receive antenna by simulation and analyses.
2.2. Reduced maximum TBS and channel bandwidth
Since the maximum TBS limitation and data channel bandwidth limitation are closely related, in the section, the impacts to RAN4 RRM/Demodulation specification of reduced maximum TBS bits and downlink channel bandwidth are considered together.
In terms of the impact on the RAN4 RRM specification in 36.133, the measurement accuracy requirement defined in Section 9(including RSRP/RSRQ accuracy) assume that the allocated PDSCH PRBs(24PRBs) which is larger than 6PRBs and the location is fixed in the middle of channel bandwidth. However, the maximum data channel bandwidth for low cost MTC UE is 6PRBs, and the frequency location for PDSCH is not decided in RAN1. Further simulations are needed to investigate the degree of impact. 
Regarding the impact on the RAN4 demodulation specification,  new FRCs have to designed considering the limitation of maximum TBS bits and channel bandwidth. For instance, according to 36.213 TBS table, the minimum TBS that could be used for 6 PRBs is 1800 bits which is larger than the maximum allowed TBS 1000 bits. The similar challenge exists in the design of CQI table for 6PRB allocation. The TBS size for 64QAM may be larger than maximum allowed 1000 bits in 6PRB case.
As already mentioned, RAN1 is still discussing whether the allocation of PDSCH is contiguous or non-contiguous over the system bandwidth and the frequency location for PDSCH. The location of PDSCH will have impact on the demodulation/CSI performance of PDSCH, therefore it is suggested to wait for RAN1 decisions.

Observations 2: RAN4 needs to study the impact on Demodulation/CSI performance requirements for Low cost UEs with reduced maximum TBS bits and data channel bandwidth. The impact to RRM requirement need further investigated.
2.3. Half duplex FDD
The impact of Half duplex FDD(HD-FDD) to the FDD RRM requirement should be investigated carefully, especially due to the change of RF requriements. Tx/Rx timing gap is identified as the one of the impacts of HD-FDD on RRM core requirement, several contributions had discussed to solve the issue in last RAN4 meeting.
For Demodulation/CSI, it is believed that the introduction of HD-FDD has no impact on existing requirements.

Observations 3: RAN4 needs to study the possible impact on FDD RRM requirements for Low cost FDD UEs support HD-FDD.
3. Conclusion
In this paper we presented the initial analysis on the impact of RAN4 RRM/Demodulation requirements for low cost MTC UEs. 
Observations 1: RAN4 needs to study the impact on RRM and Demodulation/CSI performance requirements for Low cost UEs with a single receive antenna by simulation and analyses.
Observations 2: RAN4 needs to study the impact on Demodulation/CSI performance requirements for Low cost UEs with reduced maximum TBS bits and data channel bandwidth. The impact to RRM requirement need further investigated.
Observations 3: RAN4 needs to study the possible impact on FDD RRM requirements for Low cost FDD UEs support HD-FDD.
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