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1. Introduction
The discussion on how to define the RLM requirements for low cost MTC devices has been ongoing for several meetings. A way forward on how to progress on this issue was agreed in RAN4#71 in [1]. In this paper we analyze the RLM requirements based on the agreements in [1].
2. Discussion
In previous RAN4 meeting it was pointed out that 1Rx MTC devices will experience smaller coverage compared to 2Rx UEs due to the degraded performance of PDCCH. In [2] it was proposed to modify the in-sync(IS) and out of sync(OoS) parameters in order to keep the same SNR levels as for 2 Rx UEs. It was also pointed out that PDSCH performance should also be analyzed because its performance is also expected to be degraded. Lowering the OoS SNR level would not help if the UE is not able to reliably receive PDSCH transmissions. In this paper we analyze the PDCCH and PDSCH performance for 1 Rx UEs. 

The PDCCH performance difference between 1Rx UEs and 2 Rx UEs was extensively analyzed in [2] ,[3], [4] and the gap is 3~4dB. In Figure 1-6 we show some PDCCH BLER simulation results for OoS. As can be seen, the simulation results are inline with [2],[3],[4]. It can also be seen that if the PDCCH RE power is boosted by 3dB the 1Rx performance becomes similar to 2Rx with 2 Tx ports.
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       Fig. 1 PDCCH  BLER with 1 CRS port, AWGN               Fig. 2 PDCCH BLER with 2 CRS ports, AWGN
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        Fig. 3 PDCCH  BLER with 1 CRS port, ETU70               Fig. 4 PDCCH BLER with 2 CRS ports, ETU70

[image: image5.emf]-16 -14 -12 -10 -8 -6 -4 -2

10

-2

10

-1

10

0

LC-MTC PCFICH/PDCCH BLER (Out-of-Sync)

1 CRS Ports, ETU30L

Legend: PCFICH to RS/PDCCH to RS/CCEs

Serving SNR (dB)

PDCCH BLER

 

 

1x1, 4/4/8 (no boost)

1x2, 4/4/8 (legacy)

 [image: image6.emf]-15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5

10

-2

10

-1

10

0

LC-MTC PCFICH/PDCCH BLER (Out-of-Sync)

2 CRS Ports, ETU30L

Legend: PCFICH to RS/PDCCH to RS/CCEs

Serving SNR (dB)

PDCCH BLER

 

 

2x1, 1/1/8 (no boost)

2x1, 4/4/8

2x2, 1/1/8 (legacy)


       Fig. 5 PDCCH  BLER with 1 CRS port, ETU30               Fig. 6 PDCCH BLER with 2 CRS ports, ETU30
As stated above, it is important to analyze the PDSCH performance considering the PDCCH results. In Figures 7-12 we compare the PDSCH performance between 1Rx and 2Rx for different channel models and MCSs. The detailed simulation assumptions are shown in the annex. It is important to note that HARQ is enabled with up to 4 re-transmissions.
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        Fig. 7 PDSCH Throughput with 1 CRS port, AWGN     Fig. 8 PDSCH Throughput with 2 CRS ports, AWGN
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     Fig. 9 PDSCH Throughput with 1 CRS port, ETU70     Fig. 10 PDSCH Throughput with 2 CRS ports, ETU70
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    Fig. 11 PDSCH Throughput with 1 CRS port, ETU30     Fig. 12 PDSCH Throughput with 2 CRS ports, ETU30

Based on the simulation results, the PDSCH throughput gap between 1Rx and 2 Rx is about 3~4dB, consistent with the PDCCH performance difference. By comparing the 10% PDCCH BLER levels(OoS) to the PDSCH throughput, it can be seen that if the parameters for 1Rx are changed such that the SNR levels would be similar to 2Rx, the 1Rx PDSCH throughput would be very close to 0 (e.g. ~-12dB for AWGN in Fig.2 corresponds to ~0.1Mbps in Fig.8). Hence, if the OoS parameters are changed the UE would not be able to reliable receive PDSCH and would also not declare RLF. This would lead to a UE that would not be able to communicate at all with the network. 
Furthermore, the above results consider 4 retransmissions. In a real network the UE would have to decode the system information blocks that are not scheduled using retransmissions. Given the degradation in PDSCH performance, it would be very challenging for a UE to establish and maintain the network connection if the RLM SNR levels(IS and OoS) are artificially lowered just to maintain the same coverage as proposed in [2].
Also, in [2] it was pointed out that OoS would be  the limiting factor because it is very difficult to match the 2Rx PDCCH performance due to limited to room for PDCCH RE power increasing. In [3] it was pointed out that the IS and OoS parameters should be chosen in such a way that the UE can easily distinguish IS and OoS. Considering these observations and the analysis proposed above we propose to reuse the Rel.8 RLM parameters for LC-MTC UEs.
Proposal: Reuse the Rel.8 RLM parameters for LC-MTC UEs.
3. Conclusion
In this paper we analyzed the RLM parameters (for in sync and out of sync) for LC-MTC UEs. We showed that the 1 Rx PDSCH throughput degradation is consistent with the PDCCH BLER degradation(3dB~4dB) and if the IS and OoS parameters are changed to match the 2 Rx performance the PDSCH throughput would be close to 0. We propose to reuse the Rel.8 RLM parameters for LC-MTC UEs to ensure that these UE can reliably communicate with the network.
Proposal: Reuse the Rel.8 RLM parameters for LC-MTC UEs.

Reference

[1] R4-143835, “Way Forward on RLM Requirements for LC-MTC”, Huawei et al.
[2] R4-143394, “RLM parameters setup for low cost MTC with 1 Rx”, Ericsson
[3] R4-143123, “Simulation Results for 1RX RLM for LC-MTC”, Huawei
[4] R4-143379, “Link level simulation results for RLM for Low Cost MTC UE”, Ericsson
Annex
Simulation parameters for PDSCH throughput:
	Parameter
	Value

	CFI
	2

	Transmission mode
	TM2

	subframe scheduling
	SF 0 and 5 not scheduled

	RB allocation
	50RBs(system BW)

	Tx EVM
	6%

	HARQ
	enabled

	RV sequence
	{0,1,2,3}
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