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1	Introduction
RAN4#94-e-Bis agreed with the way forward on MPDCCH performance improvement for RLM in Rel-16 eMTC [1]:
	· Enhanced MPDCCH is used:
· When enhanced RLM E1 event is triggered
· When in normal RLM OOS is triggered
· Other interested companies are encouraged to provide simulation results for the this scenario for RAN4#95-e meeting based on agreed simulation assumptions (ref. R4-1914343). 



We show our simulation results with the improved MPDCCH based on [2] and discuss the RLM requirements.
2	MPDCCH simulation results
2.1	MPDCCH parameters
Table 1 shows the MPDCCH simulation parameters for RLM. With the improved MPDCCH.
[bookmark: _Ref15043463]Table 1	Proposed MPDCCH parameters for RLM with improved MPDCCH. 
	[bookmark: _Hlk16540500]Parameters
	Values

	DCI format
	6-1A (CE Mode A)
6-1B (CE Mode B)

	System BW
	10MHz

	Starting OFDM symbols
	2

	(RL, AL)
	Set 1: (4, 16) for Out-of-synch and (2, 4) for In-synch
Set 2: (8, 24) for Out-of-synch and (4, 8) for In-synch

	Transmission type
	Distributed

	Channel model
	AWGN, EPA5, ETU30 for CE Mode A
AWGN, ETU1, EPA1 for CE Mode B

	Antenna configuration
	2x1

	Metric
	In-synch: MPDCCH BLER of 2% 
Out-ot-synch: MPDCCH BLER of 10%

	Frequency hopping
	ON

	Reference signal
	DMRS + CRS

	Power offset between DMRS and CRS 
	0dB

	[bookmark: _Hlk16582635]DMRS/CRS precoding
	Cyclic precoder:
Precoder granularity in frequency domain: 1PRB
Precoder granularity in time domain: [4] ms
· Pending RAN1 agreements for the detailed design
Codebook: Pending RAN1 agreements



2.2	Simulation results
Table 2 shows our MPDCCH simulation results for CE Mode A and CE Mode B. Note that we set the same precoder condition for both DMRS-only case and DMRS+CRS case, although Rel-13 RLM assumed random precoder for MPDCCH. We also note that CE Mode B does not support AL4 and therefore there is no result for Set A in-synch for CE Mode B. 
It is observed from the simulation result that the performance gain of MPDSCH with DMRS+CRS is more than 1dB compared with DMRS-only MPDCCH, except for with static channel with SNR>-10dB.
Observation: Performance gain of MPDSCH with DMRS+CRS is more than 1dB compared with DMRS-only MPDCCH, except for with static channel with SNR>-10dB. 
[bookmark: _Ref36224575]Table 2	Comparison of simulation results of DMRS-only MPDCCH and DMRS+CRS MPDCCH.
	CE Mode
	Sets
	RLM
	Propagation
	DMRS only
	DMRS+CRS
	Performance gain

	CE Mode A
	Set 1
	Out-of-synch
	AWGN
	-11.8
	-13.0
	1.2

	
	
	
	EPA5
	-7.6
	-9.5
	1.9

	
	
	
	ETU30
	-8.4
	-10.0
	1.6

	
	
	In-synch
	AWGN
	-4.0
	-4.3
	0.3

	
	
	
	EPA5
	2.2
	0.8
	1.3

	
	
	
	ETU30
	1.2
	-0.3
	1.4

	
	Set 2
	Out-of-synch
	AWGN
	-14.4
	-16.0
	1.6

	
	
	
	EPA5
	-9.8
	-12.0
	2.2

	
	
	
	ETU30
	-11.0
	-12.8
	1.8

	
	
	In-synch
	AWGN
	-8.8
	-9.6
	0.8

	
	
	
	EPA5
	-1.7
	-3.4
	1.7

	
	
	
	ETU30
	-3.2
	-4.8
	1.6

	CE Mode B
	Set 1
	Out-of-synch
	AWGN
	-12.7
	-14.0
	1.3

	
	
	
	EPA1
	-8.2
	-10.1
	1.9

	
	
	
	ETU1
	-8.3
	-10.1
	1.8

	
	Set 2
	Out-of-synch
	AWGN
	-15.1
	-16.8
	1.7

	
	
	
	EPA1
	-10.3
	-12.5
	2.2

	
	
	
	ETU1
	-10.9
	-12.7
	1.8

	
	
	In-synch
	AWGN
	-9.7
	-10.6
	0.9

	
	
	
	EPA1
	-2.4
	-3.9
	1.5

	
	
	
	ETU1
	-2.6
	-4.5
	1.9



2.3	RLM for eMTC
For BL/CE UEs, TS36.133 specifies two types of RLM requirements; one for the legacy RLM Qin/Qout reporting requirements; another for the enhanced RLM requirements. 
The legacy RLM requirements are same as Rel-8 LTE RLM requirements; UE are required to estimate the downlink radio link quality (e.g., SINR) and compare it to the threshold Qout and Qin. If the estimated quality is worse than Qout, the UE layer 1 process sends an out-of-synch indication to the higher layer where Qout corresponds to the hypothetical MPDCCH BLER of 10%. If the estimated quality is better than Qin, the UE layer 1 process sends an in-synch indication to the higher layer where Qin corresponds to the hypothetical MPDCCH BLER of 2%. 
The enhanced RLM requirements were introduced in Rel-14 as an optional capability where UE is also required to estimate the downlink radio link quality, but UE layer 1 process sends an early out-of-synch indication to the higher layer if the estimated quality is worse than QE1out, where QE1out corresponds to the hypothetical MPDCCH BLER of 10%. If the estimated quality is better than QE1in, UE sends an early in-synch indication to the higher layer where QE1in corresponds to the hypothetical MPDCCH BLER of 2%. When UE higher layer receives N310 consecutive early out-of-synch indications, UE starts the early out-of-synch timer (T314). If T314 is expired, then UE reports Event E1 to the network. Similarly, when UE higher layer receives N311 early in-synch indications, UE starts the early in-synch timer (T315). If T315 is expired, then UE reports Event E2 to the network. UE may also include the excess number of repetitions in Event E2 with the RRC parameter excessRep-MPDCCH. TS36.133 specifies the MPDCCH transmission parameters assumed for early out-of-synch and early out-of-synch evaluation.
Since MPDCCH can use only DCI formats 6-1A and 6-1B for CE Mode A and CE Mode B, respectively, for DL scheduling in CONNECTED mode, MPDCCH aggregation level and repetition level are only the parameters to differentiate RLM Qin/Qout and enhanced RLM early in-synch and early out-of-synch. As shown in Table 4, TS36.133 assumes the different MPDCCH aggregation/repetition levels in order to avoid to trigger, for example, Qout and early out-of-synch, at the same time, because both the thresholds Qout and QE1out correspond to the hypothetical MPDCCH BLER of 10%. 
[bookmark: _Ref30508287]Table 4	MPDCCH aggregation level and repetition levels RLM and enhanced RLM.  
	
	Aggregation level
	Repetition level
	Threshold

	RLM out-of-synch
	Lmax
	Rmax
	Hypothetical MPDCCH BLER of 10%

	Enhanced RLM Event E1
	Lmax-1
	Rmax/2
	Hypothetical MPDCCH BLER of 10%

	RLM in-synch
	Lmax-2
	Rmax/2
	Hypothetical MPDCCH BLER of 2%

	Enhanced RLM Event E2
	Lmax-2
	Rmax/8
	Hypothetical MPDCCH BLER of 2%



Figure 1 (a) illustrates the relation of Qout and Qin for the legacy RLM according to the MPDCCH transmission parameters specified in TS36.133. Figure 1 (b) also illustrates the relation of Qout, Qin, QE1out, and QE2in for the enhanced RLM according to the MPDCCH transmission parameters specified in TS36.133. 
In Figure 1 (a), consider UE is in-synch in T0, i.e., the link quality is better than Qin. If the link quality is worse than Qout, UE sends the out-of-synch indication to the higher layers (T1). If the link quality recovers and the link quality is better than Qin (T2), UE sends the in-synch indication to the higher layer. As it is shown in Figure 1 (a), it is assumed Qin > Qout.
In Figure 1 (b), consider UE is in-synch in T0, i.e., the link quality is better than Qin. If the link quality is worse than QE1out, UE sends the early out-of-synch indication to the higher layer. If the link quality is worse than Qout, UE sends the out-of-synch indication to the higher layers (T2). If the link quality recovers and the link quality is better than Qin (T3), UE sends the in-synch indication to the higher layer. If the link quality is even better than QE2in, UE sends the early in-synch indication to the higher layer. As it is shown in Figure 1 (b), it is assumed QE2in > Qin > QE1out > Qout. 



	(a) Legacy RLM
	(b) Enhanced RLM



[bookmark: _Ref30510242]Figure 1	Relation of Qout, Qin, QE1out, and QE2in for legacy RLM and enhanced RLM.
2.4	Qout with the improved MPDCCH
As it is shown in our simulation results, the improved MPDCCH can lower the thresholds of hypothetical MPDCCH BLER, Qout, Qin, QE1out, and QE2in, e.g. by 1dB. On the other hand, the channel estimation based on DMRS+CRS requires more computational complexity compared with DMRS-based channel estimation. From the radio link monitoring procedure point of view, we don’t think UE need to assume DMRS+CRS based MPDCCH for higher SNR region, i.e., in-synch case. We therefore propose to apply the improved MPDCCH transmission parameter to Qout when UE lower layer indicates out-of-synch to the higher layer (Figure 2 (a)) or UE reports Event E1 to the network (Figure 2 (b)). 
RAN4#94-e-bis discussed whether to consider more conditions such as SNR points below -10 dB and/or channel model. We think it is difficult to add such a condition in the core specification, especially, channel model. We therefore prefer to apply the condition for out-of-synch or Event E1 without any addition conditions. 


	(a) Normal RLM
	(b) Enhanced RLM



[bookmark: _Ref30517809]Figure 2	Addition of Q’out corresponding to the hypothetical MPDCCH BLER of 10% with improved MPDCCH.

Proposal: When the network configures the improved MPDCCH (mpdcch-crs-connected-config), UE applies the improved MPDCCH transmission parameters for evaluating the out-of-synch when 1) UE reports the Event E1 to the network or 2) UE triggers the out-of-synch indication to the higher layers. This is applicable for both CE Mode A UE and CE Mode B UE.
[bookmark: _GoBack]3	Summary
Observation: Performance gain of MPDSCH with DMRS+CRS is more than 1dB compared with DMRS-only MPDCCH, except for with static channel with SNR>-10dB. 
Proposal: When the network configures the improved MPDCCH (mpdcch-crs-connected-config), UE applies the improved MPDCCH transmission parameters for evaluating the out-of-synch when 1) UE reports the Event E1 to the network or 2) UE triggers the out-of-synch indication to the higher layers. This is applicable for both CE Mode A UE and CE Mode B UE.
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