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1
Introduction
In RAN4-72, the following parameters [1] are agreed.

· The out of sync and in sync valuation periods for FDD and TDD in DRX are based on Rel-8 RLM requirements in DRX. 
[image: image1.png]Table 1: Qout and Qin Evaluation Period in DRX for FD-FDD and TDD LC-MTC UE

DRX cycle length (s)

Tevaluate_Qout_orx @Nd Tevaiuate Qin_orx () (DRX cycles)

£0.01 Non-DRXrequirementsin clause 7.6.a.b are
applicable.
0.01 < DRX cycle <0.04 Note (20)
0.04 < DRX cycle £ 0. 64 Note (10)
0.64 < DRX cycle £ 2.56 Note (5)

Note: Evaluation period length intime depends on the length of the DRX cycle in use





This paper provides the further simulation results in DRX based on [1] and discusses the RLM open issues for LC-MTC.
2
Simulation results and discussions
2.1 OOS and INS simulation assumptions 
Based on the agreed way forward [1], the important OOS and INS simulation parameters for FDD LC-MTCs with 1-RX are listed in Table 1 and Table 2, respectively. 
Table 1 Parameters of OOS for FDD LC-MTCs with 1 RX
	Attribute
	Value

	Antenna configuration
	2T1R

	DCI format
	1A

	Bandwidth
	10 MHz

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Channel
	AWGN, ETU30, ETU70

	Ratio of PDCCH RE energy to average RS RE energy
	4dB

	Ratio of PCFICH RE energy to average RS RE energy
	4dB

	Long DRX cycle length
	40 ms

	onDuration 
	2 subframes 


        Table 2  Parameters of INS for FDD LC-MTCs with 1 RX
	Attribute
	Value

	Antenna configuration
	2T1R

	DCI format
	1C

	Bandwidth
	10 MHz

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	4

	Channel
	AWGN, ETU30, ETU70

	Ratio of PDCCH RE energy to average RS RE energy
	1dB

	Ratio of PCFICH RE energy to average RS RE energy
	1dB

	Long DRX cycle length
	40 ms

	onDuration 
	2 subframes 


2.2 OOS and INS reporting in DRX 
According to simulation assumptions in section 2.1, the OOS and INS reporting probabilities of FDD MTC UE with 1-RX are shown in Figure 1-6. In the simulations, two DL subframes in onDuration are used to assess radio link quality.
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Fig. 1: OOS reporting performance in DRX, AWGN            Fig. 2: INS reporting performance in DRX, AWGN                            [image: image4.png]005 I
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Fig. 3: OOS reporting performance in DRX, ETU30            Fig. 4: INS reporting performance in DRX, ETU30
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Fig. 5: OOS reporting performance in DRX, ETU70           Fig. 6: INS reporting performance in DRX, ETU70
3
Expected issues in RLM tests for HD-FDD MTC UEs
The purpose of RLM tests in TS 36.133 is to check if the UE correctly detects out-of-sync and in-sync. We must introduce HD-FDD RLM tests for HD-FDD MTC UEs. To reduce RAN4 load, it is better to reuse the FDD RLM tests as much as possible for HD-FDD MTC UEs.
· Proposal 1: Reuse most FDD RLM tests for HD-FDD MTC UEs. 
For HD-FDD MTC UEs, FDD RLM tests are not feasible due to the inappropriate CQI periodicity setting. In RLM tests defined in TS 36.521-3, the UE is configured to transmit CQI and the test equipment detects whether the UE transmits the UL signals on these subframes configured for CQI transmission. When the UE is in-sync and if the UE skips CQI transmission, the number of failed tests is increased by one. As shown in Figure 7, when the HD-FDD MTC is configured with CQI periodicity of 2ms, the HD-FDD MTC in sync shall report CQI every 2 ms to pass the RLM tests in non-DRX. Considering agreed switch subframe of 1ms, there is no available DL subframe to assess radio link quality for the HD-FDD MTC. And it also means the HD-FDD MTC is not capable of detecting radio link failure. The CQI periodicity of 2 ms is not feasible for HD-FDD MTCs. If choosing 5ms CQI periodicity, there are two valid DL subframes to assess radio link quality in every 5ms for HD-FDD MTCs. We propose CQI periodicity of 5ms for HD-FDD RLM tests in non-DRX.
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Figure 7: UL subframes for HD-FDD UEs with CQI periodicity of 2 ms
· Proposal 2: CQI reporting of 2ms is not feasible for HD-FDD RLM tests in non-DRX. For HD-FDD RLM tests in non-DRX, 5 ms CQI reporting periodicity could be adopted.
DRX is one important mechanism to extend the batter life of UE. In RLM tests in DRX, the UE in sync shall report CQI in the onDuration part of every DRX cycle in the subframe configured for CQI reporting. However, the HD-FDD MTCs cannot transmit and receive simultaneously. The improper combination of onDuration and CQI periodicity will make the HD-FDD MTCs have no DL subframe in onDuration to assess radio link quality. And it also means HD-FDD MTC in DRX is not capable of detecting radio link failure as well. One reasonable solution is to adopt longer onDuration and CQI periodicity. And the HD-FDD UE is guaranteed to provide at least 1 DL subframe in onDuration to assess radio link quality as well. The combination of 5 ms CQI periodicity and 5ms onDuration is suitable for HD-FDD RLM tests in DRX.
· Proposal 3: Adopt longer onDuration and CQI periodicity for HD-FDD RLM tests in DRX. And the HD-FDD UE is guaranteed to provide at least 1 DL subframe in onDuration to assess radio link quality. For HD-FDD RLM tests in DRX, 5 ms CQI periodicity and 5ms onDuration could be adopted.

4
Conclusion 
In this paper we provide further simulation results for RLM for LC-MTC UEs in DEX mode. Meanwhile, we propose the following proposals.
· Proposal 1: Reuse most FDD RLM tests for HD-FDD MTC UEs. 
· Proposal 2: CQI reporting of 2ms is not feasible for HD-FDD RLM tests in non-DRX. For HD-FDD RLM tests in non-DRX, 5 ms CQI reporting periodicity could be adopted.

· Proposal 3: Adopt longer onDuration and CQI periodicity for HD-FDD RLM tests in DRX. And the HD-FDD UE is guaranteed to provide at least 1 DL subframe in onDuration to assess radio link quality. For HD-FDD RLM tests in DRX, 5 ms CQI periodicity and 5ms onDuration could be adopted.

5
Reference 
[1] R4-144916, RLM requirements in DRX for LC-MTC UE, Ericsson, Huawei, HiSilicon
