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1 Introduction
In RAN4#71Ad hoc meeting, the group had the following agreements in [1]: 
· On PDCCH/PCFICH Parameters for OOS and INS: 

· Enhanced PDCCH/PCFICH parameters need to be defined for LC-MTC:

· For OOS, the ratio of PDCCH RE energy to average RS RE energy is:

· 4 dB;  when single antenna port is used for cell-specific reference signal transmission by the PCell (no change to current requirement)

· When two or four antenna ports are used for cell-specific reference signal transmission by the PCell. 

· [4dB], and other options are not excluded. 

· For INS, the ratio of PDCCH RE energy to average RS RE energy is:

· [FFS] dB; when single antenna port is used for cell-specific reference signal transmission by the PCell

· When two or four antenna ports are used for cell-specific reference signal transmission by the Pcell

· [1] dB, and other options are not excluded

· Both for OOS and INS, the “Ratio of PCFICH RE energy to average RS RE energy” of legacy UE is reused.
· On RLM evaluation period: 
· Whether extend the RLM period or not is FFS
· Companies are encouraged to study this issue from RLM performance, legacy UE implementation impact, and power-saving perspectives, etc.
In this paper, we have some further discussion on these parameters finalization. 
2 Discussion on the RLM parameters setup for LC_MTC
Enhanced PDCCH/PCFICH parameters for OoS and InS
In RAN4#71Ad hoc meeting, for the OoS and InS parameters, for two or four antenna ports, the parameters are tentative agreed, while for single antenna port, the parameters for InS is [FFS]. One general principle about the InS and OoS parameters should follow: 
· The target SNR gap between OoS and InS shall be large enough to differentiate the OoS and InS. 
In case the target SNR gap between OoS and InS is not large enough, it may lead to some misbehavior. According to the specification of 36.331 [1], the radio link failure related actions are defined as:

1>
upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running:

2>
start timer T310;

1>Upon receiving N311 consecutive "in-sync" indications for the PCell from lower layers while T310 is running, the UE shall:

1>
stop timer T310;

If the target SNR gap between OoS and InS is not large enough, the UE will start-and-stop timer T310 back and forth due to some scale fading or UE movement. It is not desirable for the system design. 
To exam the potential problem for the timer T310, link level simulation results for 1x1 LC_MTC OoS and InS are shown in Figure 1. In Figure 1, the performance for OoS and InS for legacy UE are shown, which are marked as “legacy” within the legend. In addition, for low cost MTC, for OoS, the legacy parameters are reused, legend as “PDCCH, 1x1, 4dB/4dB, OoS”; for InS, two cases are simulated, one case is with the legacy parameters, and one case is 3 dB boost for PDCCH compared with legacy parameters. These two cases are legend as “PDCCH 1x1, 4CCE, 0dB/4dB, InS” and “PDCCH 1x1, 4CCE, 3dB/4dB, InS”. 
From the figure, we can see that for legacy UE, the SNR gap between OoS and InS is about 5 dB. If the legacy parameters are reused for LC_MTC, the SNR gap between OoS and InS is about 5.4 dB. If 3dB power boost is used for LC_MTC InS PDCCH, only 3.4 dB difference exist between OoS and InS. The margin may be low to combat the fading. If the power for LC_MTC InS PDCCH is boosted further, the gap is further reduced. 
Furthermore, due to the limitation of one single antenna port case, the coverage for LC_MTC is limit by the OoS, rather than InS. It cannot increase the LC_MTC coverage via increasing the InS coverage for single antenna port case. Considering the limit usage case for one single antenna port case in practical network and the hard limitations for one single antenna port case, we prefer to keep the legacy OoS and InS parameters for LC_MTC for one single antenna port. 

Proposal 1: For single antenna port, OoS and InS parameters for legacy 1x2 UE are reused for low cost MTC with 1 Rx. 
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Figure 1: OoS and InS performance for single antenna port case
For two antenna port case, the target SNR and its corresponding gap is tabulated for OoS and InS based on legacy parameters and agreed parameters in Table 1. From Table 1, the SNR gap is 4.5 dB for LC_MTC with the agreed parameters, and the value is about 5.1 dB for legacy UE. They are comparable. In other words, from the differentiation of OoS and InS point of view, the current agreed parameters are proper. 

Proposal 2: For two or four antenna ports configuration, the OoS and InS parameters agreed in RAN1#71Ad hoc meeting get confirmed. 
Table 1: The target SNR difference for InS and OoS

	Conf.
	Case
	InS
	OoS
	Gap
	Note

	
	InS
	OoS
	
	
	
	

	2x2
	(-3, 1)
	(1,1)
	-5.8 dB
	-10.7 dB
	5.1 dB
	Legacy

	2x1
	(1, 1)
	(4,1)
	-5.2 dB
	-9.7 dB
	4.5 dB
	LC_MTC

	1x2
	(4, 4)
	(0, 4)
	-5 dB
	-10
	5 dB
	Legacy

	1x1
	(0, 4)
	(4 ,4)
	-1 dB
	-6.4 dB
	5.4 dB
	LC_MTC w/ legacy parameters

	1x1
	(3, 4)
	(4 ,4)
	-3 dB
	-6.4 dB
	3.4 dB
	LC_MTC w/ InS enhancement


In summary, the parameters for LC_MTC are summarized in Table 2 and Table 3. 

Table 2: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
4 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 3: PDCCH/PCFICH transmission parameters for in-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

1 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Discussion on RLM evaluation period
For RLM evaluation period, some analysis for the RLM performance has been shown in [2]. Based on the analysis, with the same samples in one evaluation period, the method with 20ms sampling period achieves very similar performance with the 10 ms sampling period. The power reduction is one potential advantage claimed in [2]. In this section, the potential advantage is analyzed. 
The commercial LTE UE can be divided in two bulks; one is radio front-end (RF) part, and one is the baseband part. The breakout function blocks are listed in Table 4. According to the specification on the PDCCH monitor defined in 36.213 [3]:
The UE shall monitor one common search space in EVERY non-DRX subframe at each of the aggregation levels 4 and 8 on the primary cell. 

If a UE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated serving cell in EVERY non-DRX subframe.  
….

Based on the definition, UE SHALL monitor the PDCCH in EVERY non-DRX subframe. For PDCCH monitor, all the function blocks marked as “On” shall be activated in EVERY non-DRX subframe. The function blocks marked as “Depend” are activated or not depend on whether there are Downlink or uplink data scheduling.  In other words, no matter the UE access the radio link quality every radio frame or every second radio frame, all the function blocks marked as “On” shall be activated due to the control channel detection. 

For UE, the only difference for these two sample rates is the function block, which maps measured SNR to PDCCH BLER, is performed every radio frame or every second radio frame. The calculation power of the mapping function block is really trivial compared with other function blocks. Hence, the power reduction is sceptical to extend the evaluation period from 200 ms to 400 ms for non-DRX operation. 
Table 4: Function blocks breakout for LTE UE modem

	RF

	Power amplifier
	On

	Filters
	On

	RF transceiver

( including LNAs, mixer, and local oscillator)
	On

	Duplexer /Switch
	On

	Other
	On

	Baseband

	ADC / DAC 
	On

	FFT/IFFT
	On

	Post-FFT data buffering
	On

	Receiver processing block
	On

	Turbo decoding
	Depend

	HARQ  buffer
	Depend

	DL control processing & decoder
	On

	Synchronization / cell search block
	On

	UL processing block
	Depend

	MIMO specific processing blocks
	Depend

	Other
	RRM Measurement
	Depend

	
	RLM

Measurement
	Depend


It should be further noted that, According to 36.213 [3], In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in 36.133, against thresholds (Qout and Qin) defined by relevant tests in 36.133. Based on this description, UE shall assess the radio link quality in every radio frame in non-DRX mode operation. 

Increasing the cycle of accessing the RLM will change RAN1 specification and have impact on the legacy UE implementation, such as the L1 filter design for RLM, and BLER prediction algorithm, etc. Further, with the increase of the evaluation period, the timer in eNB side shall be re-optimized. 
Further, the change of the evaluation period for RLM for non-DRX will also impact on the evaluation period of RLM for DRX. Based on the current agreement on RLM evaluation period, the out of sync and in sync valuation periods for FDD and TDD in DRX are based on Rel-8 RLM requirements in DRX [4]. 
Based on the above observations, we prefer to keep the existing evaluation period for the RLM. 
Proposal 3: Keep existing OOS/INS evaluation period for LC_MTC for both non-DRX and DRX.
3 Conclusion

Proposal 1: For single antenna port, OoS and InS parameters for legacy 1x2 UE are reused for low cost MTC with 1 Rx. 
Proposal 2: For two or four antenna ports configuration, the OoS and InS parameters agreed in RAN1#71Ad hoc meeting get confirmed. 
Proposal 3: Keep existing OOS/INS evaluation period for LC_MTC for both non-DRX and DRX.
The parameters for RLM setup are proposed as:

Table 2: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
4 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 3: PDCCH/PCFICH transmission parameters for in-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

1 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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