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1	Introduction 
This paper presents analysis on (1) Qin-Qout separation and (2) DL SINR measurement accuracy due to NRS availability and impact on RLM evaluation time for RLM requirements and (3) RLM evaluation time when DRX is used in [2] and makes some proposals.
2	Qin-Qout Seperation
In the agreed CR[1] for RLM core requirements, NPDCCH transmission parameters for out-of-sync and in-sync for Category NB1 UE are as follows.
	Attribute
	Out-of-sync
	In-sync

	DCI format
	Format N1
	Format N1 

	Number of information bits
	22 bits
	22 bits

	System Bandwidth
	200kHz
	200kHz

	Antenna configuration
	2x1
	2x1 

	Maximum NPDCCH Repetition level
	RmaxNote1
	Rmax/[4] Note1

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Deployment mode
	 In-band
	 In-band

	NOTE 1:	Rmax is a configurable parameter defined in TS 36.331[2].



The maximum NPDCCH repetition level for in-sync was set as Rmax/[4]. The square brackets around 4 was placed until NPDCCH performance with different Rmax is studied. Specifically, the intent was to ensure sufficient Qin-Qout threshold separation could be provided so that ping-pong between in-sunc and out-of-sync states does not occur due to downlink signal quality inaccuracy.
The following plot shows the NPDCCH BLER performance with respect to SNR(dB) for the following scenario 
	Deployment Mode
	Propagation Condition
	Number of NRS ports

	
	
	

	In-band
	EPA5
	2



	Parameter
	Unit
	Value

	Number of transmitter antennas
	
	2

	Channel bandwidth
	kHz
	180

	Aggregation level
	NCCE
	2

	DCI Format
	
	N1

	Cell ID
	
	0

	Payload (without CRC)
	Bits
	23




Figure 1 NPDCCH BLER vs SNR in In-band deployment mode
The following plot shows the NPDCCH BLER performance with respect to SNR(dB) for the following scenario 
	Deployment Mode
	Propagation Condition
	Number of NRS ports

	
	
	

	Stand-alone
	ETU1
	1



	Parameter
	Unit
	Value

	Number of transmitter antennas
	
	1

	Channel bandwidth
	kHz
	180

	Aggregation level
	NCCE
	2

	DCI Format
	
	N1

	Cell ID
	
	0

	Payload (without CRC)
	Bits
	23




Figure 2 NPDCCH BLER vs SNR in Stand-alone deployment mode
Figure 1 shows that if we choose Rmax=64, 10% NPDCCH BLER is achieved at -12.6dB which can be set as Qout threshold.
Then at Rmax/4=16, 2% NPDCCH BLER is achieved at -2.5dB which can be set as Qin threshold.
Thus the seperation between Qin and Qout is 10.1dB which is sufficiently large to ensure a UE does not ping-pong between in-sync and out-of-sync conditions due to inaccuracy in NRS based downlink signal quality(SINR) estimation.
Proposal 1: RAN4 should agree that the maximum NPDCCH repetition level for in-sync is Rmax/4 and remove square brackets around 4.
3	RLM Evaluation Period	
In the agreed CR [1], the mapping of coverage mode and Qout and Qin Evaluation Period in non-DRX for HD-FDD Category NB1 UE is specified as follows:
	Coverage Mode
	TEvaluate_Qout_NB-IoT
	TEvaluate_Qin_NB-IoT

	Normal
	[400]ms
	[200]ms

	Enhanced
	[4000]ms
	[2000]ms



Assuming NRS is available in every subframe, simulation analaysis of convergence time of downlink signal quality(SINR) estimation suggests that when SNR drops from 15dB to -15dB in extended coverage, SNR estimation takes nearly 5 seconds to converge with a bias or around 1dB with respect to actual SNR. This is already longer than the 4 second requirement specified for TEvaluate_Qout_NB-IoT in extended coverage. Also, SNR estimation bias is around 2-3dB of actual SNR and takes nearly 2.5 seconds to converge.
Moreover, assuming NRS is available in every subframe, simulations suggest that when SNR jumps from -15dB to 15dB in normal coverage, SNR estimation converges to within 1dB of actual SNR and takes nearly 200 ms to converge. This fits in the 400ms requirement specified for TEvaluate_Qout_NB-IoT in normal coverage.
The important aspect to note here is that the convergence times and SINR estimation bias mentioned assume NRS available in every subframe. This is a fair assumption in the case of Stand-alone deployment mode but not necessairy a good assumption for in-band case since the worst case availability of NRS in subframes is in SF#0, SF#4 of every frame and SF#9 in every other frame to account for presence of NSSS. For the in-band case with worst case availability of NRS in subframes, the convergence times stated above could atleast 4 times longer for a specific SINR estimation bias.
Also number of NRS tones available per sub frame is much smaller than CRS tones available in eMTC. Thus the SINR estimation accuracy is much lower for NB-IoT compared to eMTC.
Thus there are two options to address this issue. RAN4 should discuss the impact of NRS availability on evaluation period and decide on one of the following two options:
Option 1: Explicitly state in the core requirements that requirements apply only for the case when NRS is available in all sub frames
Option 2: Increase evaluation period requirements by a factor of 2 to account for the worst case NRS availability
Proposal 2: Increase evaluation period requirements by a factor of 2 to account for the worst case NRS availability
Based on the above analysis on convergence time for DL SINR, waiting for SINR to converge to within 1dB of actual SINR will result in very long convergence times in the order of many seconds resulting higher current consumption. This is undesirable for NB-IoT UEs which are designed to operate only for one second or two seconds on an average in a day in order to ensure 10 year battery life. Thus reducing the convergence time implies accepting certain amount of SINR estimation bias of more than 2dB or 3dB. But such a high bias when the UE is operating around the coverage mode boundary of -6dB SNR results in incorrect selection of coverage mode. Thus a UE with actual SNR of -7dB should ideally use extended coverage mode evaluation time requirements but may use normal coverage mode evaluation time requirements since the estimated SINR may be -5dB due to estimation bias.
Thus the proposal is to remove normal coverage mode evaluation time requirements and only have one set of evaluation time requirements corresponding to enhanced coverage. It is in the UE vendors interest to ensure least possible evaluation time in order to optimize current consumption even though the requirement for normal coverage mode seems relaxed.
Proposal 3: RAN4 should agree to remove normal coverage mode evaluation period requirements and only have one set of evaluation period requirements corresponding to enhanced coverage
4	Evaluation period requirement when DRX is used
In [2], Qout and Qin evaluation period requirements when DRX is used is specified as 5 DRX cycles regardless of DRX cycle length. Thus the total evaluation time varies between 1.28 seconds for 0.256 seconds DRX cycle length and 46.08 seconds for 9.216 seconds DRX cycle length. The 46.08 second requirement is an order of magnitude higher than the 4 second requirement in enhanced coverage when DRX in not used.
	DRX cycle length (s)
	TEvaluate_Qout_DRX_NB-IoT and TEvaluate_Qin_DRX_NB-IoT (s) 

	
	DRX cycles for Normal coverage
	DRX cycles for Enhanced coverage

	0.256 < DRX cycle ≤ 9.216
	Note 2 ([5])
	Note 2 ([5])

	
NOTE 1:	Evaluation period length in time depends on the length of the DRX cycle in use




Based on SINR convergence time and estimation bias discussion presented above i.e. for a convergence time of 2.5 seconds, SNR estimation bias is around 2-3dB of actual SNR, as an example, if DRX cycle length of 0.256 seconds is considered, the UE would have to stay awake for 10 consecutive DRX cycles with no opportunity for sleep (and current savings) and yet arrive at an SINR estimate with a bias of around 2-3dB. Potentially, the requirement could be 20 DRX cycles assuming 50% DRX ON time per cycle or 40 DRX cycles assuming 25% DRX ON time per cycle assuming frequency drift and time drift between DRX ON times can be compensated. Thus 5 DRX cycles is clearly insufficient for DRX cycle length of 0.256 seconds. Moreover, eNB cannot configure small DRX cycle lengths such as 0.256s in enhanced coverage with Rmax=256 or 512. So specifying evaluation period requirement for such a combination is useless. Thus, as discussed in proposal 3, RAN4 should agree to remove normal coverage mode evaluation period requirements and only have one set of evaluation period requirements corresponding to enhanced coverage. 
Proposal 4: RAN4 should further analyze the RLM evaluation period requirements when DRX is used and consider specifying the requirement as follows: 
	DRX cycle length (s)
	TEvaluate_Qout_DRX_NB-IoT and TEvaluate_Qin_DRX_NB-IoT (s) 

	0.256 < DRX cycle ≤ [1.024]
	Note 1 ([40])

	[1.024] < DRX cycle ≤ [3.072]
	Note 1 ([20])

	[4.096] < DRX cycle ≤ 9.216
	Note 1 ([5])



5	Conclusions 
This paper has introduced the following proposals for RLM requirements:
[bookmark: _GoBack]Proposal 1: RAN4 should agree that the maximum NPDCCH repetition level for in-sync is Rmax/4 and remove square brackets around 4.
Proposal 2: Increase evaluation period requirements by a factor of 2 to account for the worst case NRS availability
Proposal 3: RAN4 should agree to remove normal coverage mode evaluation period requirements and only have one set of evaluation period requirements corresponding to enhanced coverage
Proposal 4: RAN4 should further analyze the RLM evaluation period requirements when DRX is used and consider specifying the requirement as follows: 
	DRX cycle length (s)
	TEvaluate_Qout_DRX_NB-IoT and TEvaluate_Qin_DRX_NB-IoT (s) 

	0.256 < DRX cycle ≤ [1.024]
	Note 1 ([40])

	[1.024] < DRX cycle ≤ [3.072]
	Note 1 ([20])

	[4.096] < DRX cycle ≤ 9.216
	Note 1 ([5])
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