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1
Introduction
This contribution analyses the core specification update due to Rel-14 FeMTC based on [1][2], and discusses the impact to RAN4 UE demodulation requirements.  
2
Summary of Rel-14 FeMTC affecting to UE
2.1
Higher data rate support
To improve DL throughput for both CE Mode A and CE Mode B, RAN1/RAN2 introduced several features.

· New UE DL category M2 is introduced. In this category M2, the maximum DL TBS is 4008bits with 4 non-overlapping narrowbands, corresponding to 24RBs (5MHz channel BW). RAN1 define the 4 non-overlapping narrowbands as ‘wideband’. Frequency hopping is also supported. The new Cat-M2 UE supports both CE Mode A and Mode B.
· For non-bandwidth-limited (non-BL) UE, e.g., Cat-1, supporting CE Mode A, PDSCH can be scheduled with up to 24PRB (max 5MHz channel BW) or up to 96RB (max 20MHz channel BW), depending on the UE capability. Note, in Rel-13 eMTC, the PRBs for PDSCH are limited to up to 6PRB for non-BL UE supporting coverage enhancement. Frequency hopping can be enabled for both 5MHz and 20MHz.
· For non-BL UE supporting CE Mode B, PDSCH can be scheduled with up to 24PRB (max 5MHz channel BW) or up to 96RB (max 20MHz channel BW), depending on the UE capability. Frequency hopping can be enabled for both 5MHz and 20MHz. 
· Maximum number of DL HARQ processes are increased from 8 to 10 for CE Mode A. The increase enables the continuous DL PDSCH transmission in full-duplex FDD. Note in Rel-13 eMTC, because of 8 HARQ process and cross-subframe scheduling, eNB transmits 8 of 10 subframes for PDSCH transmission towards one UE. 
Table 1 summarizes the possible scenarios for Rel-14 FeMTC UE demodulation requirements. There are three categories: Cat-M2, Cat-0 or higher with 5MHz, and Cat-0 or higher with 20MHz. Every category can support CE Mode A and CE Mode B. In total 6 scenarios can be considered. 
The UEs supporting coverage enhancement need to monitor MPDCCH in Rel-13. RAN1 agreed to reuse it also even for Cat-M2 and non-BL UEs configured with 5MHz and 20MHz. This means MPDCCH still uses max 6PRB regardless of max PDSCH channel bandwidth. We think therefore no new MPDCCH demodulation requirements are needed due to higher data rate support. 
Table 1
Possible scenarios for Rel-14 FeMTC. 
	Scenario
	UE category
	PDSCH maximum bandwidth
	Assumed Rx antennas
	CE Mode
	Supported Modulation
	Max TBS size
	Supported transmission mode

	1
	Cat-M2 / Cat-1bis
	5MHz (24RB)
	1
	Mode A
	16QAM, QPSK
	4,008bits
	TM1/TM2/TM6/TM9

	2
	Cat-M2 / Cat-1bis
	5MHz (24RB)
	1
	Mode B
	QPSK
	4,008bits
	TM1/TM2/TM6/TM9

	3
	Cat-1 or higher
	5MHz (24RB)
	2
	Mode A
	16QAM, QPSK
	4,008bits
	TM1/TM2/TM6/TM9

	4
	Cat-1 or higher
	5MHz (24RB)
	2
	Mode B
	QPSK
	4,008bits
	TM1/TM2/TM6/TM9

	5
	Cat-1 or higher
	20MHz (96RB)
	2
	Mode A
	16QAM, QPSK
	27,376bits
	TM1/TM2/TM6/TM9

	6
	Cat-1 or higher
	20MHz (96RB)
	2
	Mode B
	QPSK
	15,264bits
	TM1/TM2/TM6/TM9


2.2
Multicast support
FeMTC support multicast transmission based on SC-PTM. In SC-PTM, UE receive SC-MTCH and SC-MCCH on PDSCH during RRC_IDLE state. eNB uses the new Type 1A MPDCCH common search space to transmit SC-MCCH and Type 2A MPDCCH common search space to schedule SC-MTCH on PDSCH.
The difference from the unicast transmission is that UE does not reply HARQ-ACK for SC-MCCH/SC-MTCH reception. This means RAN5 cannot verify the decoding succeed rate. Since the supported parameters such as max TBS size, max repetition number, and supported CE modes, for PDSCH carrying SC-MCCH/SC-MTCH are similar to unicast transmission, we think the existing Cat-M1 or new Cat-M2 PDSCH requirement covers PSDCH for SC-MCCH/SC-MTCH.
Regarding MPDCCH for type 1a/2a common search space, the UE demodulation performance should be same for exiting MPDCCH demodulation performance. 
Therefore, we think no new MPDCCH/PDSCH demodulation requirements needed due to multicast support. 
2.3
Improved positioning

In order for UE under enhanced coverage area to report more accurate RSTD measurement, the interval of PRS transmission is shorten in Rel-14. 
No impact for UE demodulation requirements. 
2.4
VoLTE enhancements

RAN1/RAN2 optimized scheduling considering VoLTE under HD-FDD or TDD with coverage enhancement. All the improvement is related to UL transmission. 
The improvement is applicable for UL transmission only. No impact for UE demodulation requirements. 
2.5
Mobility enhancements

Rel-14 FeMTC support the inter-frequency measurement, because Rel-13 eMTC supports the intra-frequency measurement only.
No impact for UE demodulation requirements, although this feature may affect to RRM requirements.
3
Impact analysis for CQI requirements
RAN1 keep the same CSI reporting procedure and MCS/TBS table as UE category M1 regardless of wideband supports. We think no CSI tests (CQI reporting / PMI reporting) are needed for FeMTC UE performance part. 
4
FeMTC UE demodulation requirements

In this section we propose the detailed test cases for FeMTC UE demodulation requirements.

4.1
CE Mode A PDSCH test case

Rel-14 FeMTC can apply CE Mode A to wider bandwidth UE configured with 5MHz and 20MHz. Our proposal is to reuse the TM9 PDSCH demodulation requirement specified in Rel-13, because it assume CE Mode A with repetition. Based on Rel-13 PDSCH requirements, we modify the allocated PDSCH resources from 6RBs to 24RBs for 5MHz UE and to 48RBs for 20MHz UE. The reason we don’t set 96RBs for 20MHz is that the assumed system bandwidth is 10MHz. The proposed test setup for FeMTC CE Mode A UE demodulation requirements is shown in Table 2. 

Table 2
Proposal of CE Mode A test case for FeMTC UE demodulation requirements.
	Test number
	PDSCH maximum bandwidth
	CE Mode
	Propagation channel and antenna configurations
	MCS
	Target SNR
	Transmission mode
	Applicable UE categories

	1
	5MHz (24RB)
	CE Mode A
	EPA5 2x1
	1/3 QPSK
	-6dB
	TM9
	Cat-M2 / Cat-1bis

	2
	5MHz (24RB)
	CE Mode A
	EPA5 2x2
	1/3 QPSK
	-6dB
	TM9
	Cat-1 or higher UE categories

	3
	10MHz (48RB)
	CE Mode A
	EPA5 2x2
	1/3 QPSK
	-6dB
	TM9
	Cat-1 or higher UE categories


4.2
CE Mode B PDSCH test case

Rel-14 FeMTC can apply CE Mode B to wider bandwidth UE configured with 5MHz and 20MHz. To verify CE Mode B functionality (i.e., PDSCH reception with repetition under CE Mode B coverage area), our proposal is to reuse the TM2 PDSCH demodulation requirement specified in Rel-13. Based on Rel-13 PDSCH requirements, we modify the allocated PDSCH resources from 6RBs to 24RBs for 5MHz UE and to 48RBs for 20MHz UE. The proposed test setup for FeMTC CE Mode B UE demodulation requirements is shown in Table 3.
Table 3
Proposal of CE Mode B test case for FeMTC UE demodulation requirements.
	Test number
	PDSCH maximum bandwidth
	CE Mode
	Propagation channel and antenna configurations
	MCS
	Target SNR
	Transmission mode
	Applicable UE categories

	4
	5MHz (24RB)
	CE Mode B
	ETU1 2x1
	1/10 QPSK
	-15dB
	TM2
	Cat-M2 / Cat-1bis

	5
	5MHz (24RB)
	CE Mode B
	ETU1 2x2
	1/10 QPSK
	-15dB
	TM2
	Cat-1 or higher UE categories

	6
	10MHz (48RB)
	CE Mode B
	ETU1 2x2
	1/3 QPSK
	-15dB
	TM2
	Cat-1 or higher UE categories


5
Conclusion

Proposal 1: No new MPDCCH/PBCH demodulation requirements are introduced due to FeMTC. 

Proposal 2: No new CSI requirements are introduced due to FeTMC. 

Proposal 3: Introduce new PDSCH demodulation requirements considering the following scenarios:
	Test number
	PDSCH maximum bandwidth
	CE Mode
	Propagation channel and antenna configurations
	MCS
	Target SNR
	Transmission mode
	Applicable UE categories

	1
	5MHz (24RB)
	CE Mode A
	EPA5 2x1
	1/3 QPSK
	-6dB
	TM9
	Cat-M2 / Cat-1bis

	2
	5MHz (24RB)
	CE Mode A
	EPA5 2x2
	1/3 QPSK
	-6dB
	TM9
	Cat-1 or higher UE categories

	3
	10MHz (48RB)
	CE Mode A
	EPA5 2x2
	1/3 QPSK
	-6dB
	TM9
	Cat-1 or higher UE categories

	4
	5MHz (24RB)
	CE Mode B
	ETU1 2x1
	1/10 QPSK
	-15dB
	TM2
	Cat-M2 / Cat-1bis

	5
	5MHz (24RB)
	CE Mode B
	ETU1 2x2
	1/10 QPSK
	-15dB
	TM2
	Cat-1 or higher UE categories

	6
	10MHz (48RB)
	CE Mode B
	ETU1 2x2
	1/3 QPSK
	-15dB
	TM2
	Cat-1 or higher UE categories
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