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1 Introduction
In RAN4#82, the RRM requirements for CE (coverage enhancement) capable UE other than Cat-M1 were discussed, and the WF [1] was agreed with the following proposals.
	· 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.


In this paper, we will provide our simulation results on SI acquisition time for CE capable UE with 2RX, and we will also provide our views on the related RRM requirements.
2 Discussion 
The SI acquisition time, including MIB and SIB1-BR reading time, is involved in several RRM requirements, such as paging interruption, HO, re-establishment, CGI reading and connection release with re-direction, and a number of related RRM test cases. 

Current core or test requirements were derived based on the assumption of Cat-M1 UE, i.e. 1RX, and the acquisition times for different requirements are summarized in [2]. In the next we provide our simulation results for 2RX UE.

For MIB reading time, the simulation assumption was agreed in [3] and copied below. The only difference is that in addition to 2x1 cases, we also simulate 2x2 cases. The same “keep trying” algorithm is used for both 1RX and 2RX.  
Table 1: Simulation assumption for MIB reading time
	Parameters
	Value

	System bandwidth
	10MHz

	Duplex mode 
	FDD

	Propagation channel
	EPA5, ETU30, EPA1, ETU1

	SNR
	-6dB, -15dB

	Repetition of PBCH
	Enabled

	Antenna Configuration & Correlation
	2x1 low, 2x2 low

	Frequency error
	100Hz


The simulation results are summarized in Table 2. From the results, it can be seen that the MIB reading time can be significantly shortened with 2RX, and in the worst case (ETU1) the reading time is 17 MIB windows (680ms) compared to the 2560ms with 1RX.
Table 2: Simulation results for MIB reading

	Target SNR
	Decoding success rate
	EPA5 1RX
	EPA5 2RX
	ETU30 1RX
	ETU30 2RX

	-6dB


	90%
	1
	1
	1
	1

	
	99%
	1
	1
	1
	1

	Target SNR
	Decoding success rate
	EPA1 1RX
	EPA1 2RX
	ETU1 1RX
	ETU1 2RX

	-15dB
	90%
	15
	4
	22
	6

	
	99%
	>32
	13
	>32
	17


Observation 1: MIB reading time for enhanced coverage can be significantly shortened with 2RX, and in worst case it needs 680ms to achieve 99% success rate under -15dB SNR.

For SIB1-BR reading time, there was no agreed simulation assumption, and the assumptions used in this paper are listed in Table 3. 
Table 2: Simulation assumption for SIB1-BR reading time

	Parameters
	Value

	System Bandwidth
	10 MHz

	Channel model
	EPA1, EPA5, ETU1, ETU30

	Allocated resource blocks
	6 PRB

	Antenna configuration(Tx Rx)
	2x1, 2x2

	si-WindowLength
	80ms

	PDSCH Transmission Mode
	TM2

	TBS(bits)
	152

	Repetition number/80ms
	4 /8 /16

	Frequency Resource
	6PRB

	Frequency hopping
	On

	Power Setting
	CRS 3dB higher than PDSCH

	UE residual frequency error
	50 Hz

	Target SNR[dB]
	-6dB, -15dB


The simulation results are summarized in Table 4. From the results, it can be also seen that the SIB1-BR reading time can be significantly shortened with 2RX, and in the worst case (EPA1) the reading time is 6 SIB1 windows (480ms) compared to the 1280ms with 1RX.

Table 4: Simulation results for SIB1-BR reading

	Target SNR
	PDSCH repetition
	Decoding success rate
	EPA5 1RX
	EPA5 2RX
	ETU30 1RX
	ETU30 2RX

	-6dB


	4
	90%
	1
	1
	1
	1

	
	
	99%
	2
	1
	1
	1

	-6dB


	8
	90%
	1
	1
	1
	1

	
	
	99%
	2
	1
	1
	1

	Target SNR
	PDSCH repetition
	Decoding success rate
	EPA1 1RX
	EPA1 2RX
	ETU1 1RX
	ETU1 2RX

	-15dB
	16
	90%
	7
	2
	7
	3

	
	
	99%
	16
	6
	15
	4


Observation 2: SIB1-BR reading time for enhanced coverage can be significantly shortened with 2RX, and in worst case it needs 480ms to achieve 99% success rate under -15dB SNR, assuming 16 PDSCH repetitions per 80ms.

Since there is clear performance difference in SI acquisition time by using 2RX, and considering the fact that SI acquisition time is a concern from RRM performance point of view, we think it is necessary to define new RRM requirements on SI acquisition time for CE capable UE other than Cat-M1 assuming 2RX. It is preferred to have the requirements from Rel-13. If no new requirement is defined, it is expected that the Cat-M1 requirements will apply when such UEs work in enhanced coverage, and it is clearly too relaxed.
Proposal: Define new RRM requirements on SI acquisition time for CE capable UE other than Cat-M1 assuming 2RX. It is preferred to have the requirements from Rel-13.
3 Conclusions 

In this paper, we provided our simulation results on SI acquisition time for CE capable UE other than Cat-M1, assuming 2RX. The results show that the SI acquisition time for enhanced coverage can be significantly shortened with 2RX compared to 1RX. Based on the results, we propose to define new RRM requirements on SI acquisition time for CE capable UE other than Cat-M1 assuming 2RX.   

Specifically, we have the following observations and proposals.

Observation 1: MIB reading time for enhanced coverage can be significantly shortened with 2RX, and in worst case it needs 680ms to achieve 99% success rate under -15dB SNR.
Observation 2: SIB1-BR reading time for enhanced coverage can be significantly shortened with 2RX, and in worst case it needs 480ms to achieve 99% success rate under -15dB SNR, assuming 16 PDSCH repetitions per 80ms.
Proposal: Define new RRM requirements on SI acquisition time for CE capable UE other than Cat-M1 assuming 2RX. It is preferred to have the requirements from Rel-13.
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