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1
Introduction
RAN4#82 agreed with the way forward on RRM requirements for UE capable of coverage enhancement [1], and one of the agreements is as follows:
· 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

In this contribution we provide our simulation results of SI acquisition time for UE assuming 2Rx.

2
Discussion

Coverage enhancement capability is introduced as a part of Rel-13 eMTC work item. As specified in TS36.306, this capability is not limited to UE category M1 but also for any UE categories. When the higher category UEs enable coverage enhancement, UE need to monitor the MPDCCH in order to read DCI formats 6-0/6-1/6-2 because only these DCI formats can set the L1 control parameters for coverage enhancement such as repetition numbers of PDSCH. When UE need to monitor MPDCCH, UE should know the MPDCCH scheduling such as the used narrowbands or frequency hopping pattern, and such system information is signalled with SIB1-BR instead of SIB1. This means the SIB1-BR acquisition time for coverage enhanced UEs with 2Rx is different from that for legacy LTE UE with 2Rx because SIB1-BR scheduling is different from SIB1. Coverage enhanced UEs with 2Rx are expected to have better reception performance compared with UE Cat-M1 because of more received antennas. This implies that the SIB1-BR acquisition time will be shorter than that for UE Cat-M1. 
The network supporting coverage enhancement can enable PBCH repetition in order to improve PBCH demodulation performance for UE Cat-M1. If the higher category UEs enables coverage enhancement, the UE can also assume the network enables PBCH repetition. This means the MIB acquisition time for the coverage enhanced UEs with 2Rx is shorter than that for UE Cat-M1 because of 2 receive antenna. 
In the following section we provide the simulation results for MIB/SIB1-BR acquisition time based on 2Rx UE. 
3
Simulation results
3.1
Simulation parameters
Table 1 is the simulation parameter for evaluating MIB/SIB1-BR acquisition time for UE with 2Rx. This is same parameter setup when RAN4 evaluated MIB/SIB1-BR acquisition time for UE Category M1 [2].  
Table 1
Simulation parameters for MIB/SIB1-BR acquisition time.
	
	CE Mode A
	CE Mode B

	System bandwidth
	10MHz
	10MHz

	Transmission antennas
	2Tx
	2Tx

	Propagation channel
	EPA5, ETU30
	EPA1, ETU1

	TBS for SIB1-BR
	152 bits
	152 bits

	Target SNR
	-6dB
	-15dB

	PBCH repetition
	Enabled
	Enabled

	SIB1 repetition number
	4
	16

	UE frequency offset
	100 Hz
	100 Hz


3.2
MIB acquisition time
Figure 1 compares the MIB decoding success rate between 1Rx UE and 2Rx UE. Table 2 summarized the required acquisition window size for each scenario. Note the simulation assumes UE discards the accumulated PBCH symbol data after each TTI (40ms)
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Figure 1
MIB decoding success comparison between 1Rx UE and 2Rx UE. 

Table 2
Required MIB window sizes for 90% MIB decoding success rate. 

	
	EPA5, SNR=-6dB
	ETU30, SNR=-6dB
	EPA1, SNR=-15dB
	ETU1, SNR=-15dB

	1Rx
	1
	1
	13
	13

	2Rx
	1
	1
	4
	3


3.3
SIB1-BR acquisition time

Figure 2 compares the SIB1-BR decoding success rate between 1Rx UE and 2Rx UE. Table 3 summarizes the required acquisition window size for each scenario. Note the simulation assumes UE discards the accumulated PDSCH symbol data after each transmission periodicity (80ms).
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Figure 2
SIB1-BR decoding success rate comparison between 1Rx UE and 2Rx UE. 
Table 3
Required SIB1-BR window sizes for 90% SIB1-BR decoding success rate.
	
	EPA5, SNR=-6dB
	ETU30, SNR=-6dB
	EPA1, SNR=-15dB
	ETU1, SNR=-15dB

	1Rx
	1
	1
	9
	13

	2Rx
	1
	1
	3
	4


3.4
Observation

From our simulation results for normal coverage SNR=-6dB, it is observed that UE can decode MIB/SIB1-BR with more than 90% success rate with one acquisition window for both 1Rx and 2Rx. Therefore, we don’t expect the acquisition time improvement for normal coverage region such as SNR>-6dB. 
In enhanced coverage regions (SNR=-15dB), on the other hand, we can observe that both MIB/SIB1-BR acquisition time can be reduced to much shorter from 1Rx UE to 2Rx. Since it is a significant gain, we propose to introduce a new MIB/SIB1-BR acquisition requirements for coverage enhancement assuming 2Rx UE.
Proposal: introduce a new SI acquisition requirement for coverage enhancement assuming 2Rx UE.

4
Conclusion

Proposal: introduce a new SI acquisition requirement for coverage enhancement assuming 2Rx UE.

5
References
[1] R4-1702326, “WF on RRM Requirements for UE Capable of Coverage Enhancement”, Ericsson, Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Intel. 
[2] R4-1609696, “Simulation result for eMTC system information acquisition time”, Ericsson. 
3

