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1. Introduction
The applicability of Cat-M1 requirements to non-BL/CE UEs was discussed in the past few meetings. In RAN4 82bis, it was agreed that in Rel-13, all Rel-13 Cat-M1 core requirements apply to non-BL/CE UEs [1]. For all non-BL/CE UEs, that have at least 2Rx antenna chains, all Cat-M1 core requirements (except RLM) can be verified if the non-BL/CE UEs Cat-M1 RRM test cases. Naturally, some applicability rule can be defined to exclude Cat-M1 test cases that are verifying requirements already verified by existing legacy test cases. RLM requirement is an exception because non-BL/CE UEs with more than one Rx antenna will have receiver diversity that can result in lowered Qin and Qout values compared to Cat-M1 UEs. Thus, a new RLM test cases needs to be defined for non-BL/CE UEs. In this contribution, we provide our views on how to modify the existing Cat-M1 RLM test cases so that they are applicable to non-BL/CE UEs. We also provide simulation results with the modified parameters
2. Discussion 

2.1. Modification of test case parameters

To define RLM test cases for non-BL/CE UEs, we propose to follow the principle of making minimal changes to the existing Cat-M1 RLM test cases. Following are the proposed modifications.
Modified antenna configuration: For non-BL/CE UE with N (2 or 4) receive antennas, the antenna configuration in the test case must be 2xN. 
Modified MPDCCH Rmax: The presence of additional Rx antennas will modify the Qin and Qout values relative to Cat-M1 UE configured the same MPDCCH Rmax, ALmax and CE mode. Additional Rx chain can reduce the Qin and Qout value by 3dB or more. However, non-BL/CE UE configured in CE is expected to meet Cat-M1 requirements under the same Es/Iot side conditions as a Cat-M1 UE. Thus, it is desirable that RLM test cases defined for non-BL/CE UEs with 2Rx should have Es/Iot values like the RLM test case defined for Cat-M1 UE. Thus, we propose that RLM test cases for non-BL/CE UEs with at least 2Rx be defined by scaling down the MPDCCH Rmax by a factor of 2 in the corresponding Cat-M1 RLM test case. Table 1 captures the propose MPDCCH Rmax values for various test case.
Table 1: Proposed MPDCCH Rmax and ALmax for non-BL/CE UE 
	Test case 
	MPDCCH Rmax
	MPDCCH ALmax

	In-sync non-DRX
	2
	16

	Out-of-sync non-DRX
	4
	24

	In-sync DRX
	4
	24

	Out-of-sync DRX
	2
	16


Except the above modifications and SNR levels in the test cases, we propose that rest of the parameters (including propagation channel) of the RLM test case for non-BL/CE UE in CE are left identical to the corresponding Cat-M1 RLM test. Thus, we have the following proposal

Proposal 1: RLM test case for non-BL/CE UEs with at least 2Rx is defined by applying the following modifications to the corresponding Cat-M1 RLM test case
· For UEs with N (2 or 4) receive antennas, the antenna configuration is changed to 2xN

· MPDCCH Rmax is scaled down by a factor of 2. Thus, MPDCCH Rmax and ALmax for various test cases is:
	Test case 
	MPDCCH Rmax
	MPDCCH ALmax

	In-sync non-DRX
	2
	16

	Out-of-sync non-DRX
	4
	24

	In-sync DRX
	4
	24

	Out-of-sync DRX
	2
	16


· Except SNR levels, all other test case parameters are kept identical to the corresponding Cat-M1 RLM case

For 2Rx UEs, the SNR values can be derived by simulation alignment following test case parameters based on Proposal1. For 4Rx UEs, we propose to further modify the 2Rx test case by reducing SNR3 by [3dB] (as shown in Figure 1) and keeping the rest of the parameters identical to the 2Rx test case. It will allow the non-BL/CE UEs in CE to operate as 4Rx or 2Rx depending on UE implementation.
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Figure 1. Proposed methodology of defining non-BL/CE 4Rx in-sync RLM test case by modifying the non-BL/CE 2Rx in-sync RLM test case

Proposal 2: The RLM test case for non-BL/CE UE with 4Rx is defined by only modifying SNR3 of the test case for non-BL/CE UE with 2Rx by [3dB].
2.2. Simulation results 
In Figure 2a and 2b, we show MPDCCH simulation results for 2Rx UEs based on the parameters in Proposal 1. Table 2a and 2b list the Qin and Qout values for ETU30L 2x2 and AWGN 2x2 channels respectively.
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Figure 2a: MPDCCH BLER for 2Rx UE in CE Mode A in ETU30L 2x2 channel
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Figure 2a: MPDCCH BLER for 2Rx UE in CE Mode A in AWGN 2x2 channel

Table 2a: Qin and Qout values for 2Rx UE in CE mode A for various MPDCCH configurations in ETU30L channel
	MPDCCH configuration
	Qin
	Qout

	Rmax = 2, ALmax = 16
	1.6dB
	-8dB

	Rmax = 4, ALmax = 24
	-3.4dB
	-11dB


Table 2b: Qin and Qout values for 2Rx UE in CE mode A for various MPDCCH configurations in AWGN channel
	MPDCCH configuration
	Qin
	Qout

	Rmax = 2, ALmax = 16
	-2.2dB
	-10.2dB

	Rmax = 4, ALmax = 24
	-3.4dB
	-12.5dB


3. Conclusion
In this contribution, we propose the following
Proposal 1: RLM test case for non-BL/CE UEs with at least 2Rx is defined by applying the following modifications to the corresponding Cat-M1 RLM test case

· For UEs with N (2 or 4) receive antennas, the antenna configuration is changed to 2xN

· MPDCCH Rmax is scaled down by a factor of 2. Thus, MPDCCH Rmax and ALmax for various test cases is:
	Test case 
	MPDCCH Rmax
	MPDCCH ALmax

	In-sync non-DRX
	2
	16

	Out-of-sync non-DRX
	4
	24

	In-sync DRX
	4
	24

	Out-of-sync DRX
	2
	16


· Except SNR levels, all other test case parameters are kept identical to the corresponding Cat-M1 RLM case

Proposal 2: The RLM test case for non-BL/CE UE with 4Rx is defined by only modifying SNR3 of the non-BL/CE UE RLM test case with 2Rx by [3dB].
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