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1. Introduction 

In this contribution, we provide radio link monitoring (RLM) results with the agreed simulation assumptions.         

2. Discussion
The simulation scenarios based on [1] are summarized in Table 1 below.   

	Scenario
	Description
	Propagation model
	Antenna correlation
	Verification point

	RLM1
	1x2 8CCE DCI1A 10MHz
	AWGN
	Low
	10%

	RLM2
	1x2 8CCE DCI1A 10MHz
	Static 6 tap
	Low
	10%

	RLM3
	2x2 8CCE DCI1A 10MHz SFBC
	AWGN
	Low
	10%

	RLM4
	2x2 8CCE DCI1A 10MHz SFBC
	Static 6 tap
	Low
	10%

	RLM5
	1x2 4CCE DCI1C 10MHz
	AWGN
	Low
	2%

	RLM6
	1x2 4CCE DCI1C 10MHz
	Static 6 tap
	Low
	2%

	RLM7
	2x2 4CCE DCI1C 10MHz SFBC
	AWGN
	Low
	2%

	RLM8
	2x2 4CCE DCI1C 10MHz SFBC
	Static 6 tap
	Low
	2%


Table 1  RLM simulation cases
Note that we assumed realistic channel estimation and realistic noise estimation. 

The simulation results based for RLM1+2 and RLM5+6 are shown in Figures 1 and 2, respectively. 
The 2x2 cases were not simulated separately; however, they are expected to be identical to the corresponding 1x2 cases because the channel was assumed identical on the two Tx antennas and the  RS boost ensures that the channel estimation performance and noise estimation performance is the same in the 1x2 and 2x2 cases. 
[image: image1.emf]10 MHz, DCI 1A, 1x2 SIMO, PDCCH_RA = 4dB 

0.01

0.1

1

-13 -12 -11 -10 -9 -8 -7

Geometry (dB)

PDCCH BLER

RLM1

RLM2


Figure 1 Simulation Results for RLM1, RLM2
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Figure 2  Simulation Results for RLM5, RLM6

The results are summarized in Table 2 below.

	 RLM Case
	SNR (dB)

	RLM1
	-10.1

	RLM2
	-8.9

	RLM3
	-10.1

	RLM4
	-8.9

	RLM5
	-3.0

	RLM6
	0.0

	RLM7
	-3.0

	RLM8
	0.0


Table 2  RLM simulation results

2.1.   Comments on the RLM channel model

We have some concern regarding the use of the static 6-tp model for RLM. These are explained below.  The channel model creates a very regular frequency domain channel response as shown in Figure 3 below. 
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Figure 3  Power spectrum of the 6-tap channel model
The PDCCH mini-CCE (or REG) allocations are also somewhat regular because of the linear row-column PDCCH interleaver.  

So the PDCCH tone allocation creates a regular sampling which together with the regular channel pattern, can create undesirable aliasing effects.  As an example, the realized mini-CCE SNR for two different hypothetical mini-CCE offsets are shown in Figures 4.  Next, Figure 5 shown the same but with the SNR represented on a linear scale.  Obviously, these effects can have a significant impact on the PDCCH BLER.  
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Figure 4  Mini-CCE sample SNR, log-domain
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Figure 5  Mini-CCE sample SNR, linear domain

Note that the aliasing effect should be mitigated by the CCE start point randomization, which is active whenever non-zero RNTI used in the CCE hash.  This makes the impact on Qout less visible compared to Qin because the C-RNTI used for Qout is non-zero, but only to a degree which is UE implementation dependent, since the UE is not necessarily required to predict future CCE locations. 

Format-1C, which was selected for Qin, is in the common search space, therefore its allocation doesn’t change with time, which means that the SNR aliasing effect will be more pronounced for Qin. 
3. Conclusions

We have provided RLM simulation results with realistic channel estimation and noise estimation.  
We propose changing the 6-tap channel model due to concerns regarding Qin sensitivity to PCI assignment. 
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