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1. Introduction

In last RAN4 #78-NB-IoT meeting, a WF [1] was approved to capture some open issues for NB-IoT RLM:
· RAN4 is to specify minimum RLM requirements for different ranges of Rmax.
· Whether RAN4 is to specify different RLM requirements for the different deployment modes based on the simulations outcome is FFS.
· Whether there is any impact of power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS RE in in-band/guard band is FFS. 
In this contribution, we would like to provide further simulation result. Based on the simulation result, further discussion on some of the above issues is also provided.
2. Simulation results
Simulation assumption for NB-IoT RLM was approved in [2] in RAN4 #78bis meeting in Mexico. Based on the simulation assumption, simulation results are provided in this section.
2.1. Stand-alone
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(a) EPA1 with 1Tx                                                       (b) EPA1 with 2Tx

Figure 1 NPDCCH performances under EPA1 for stand-alone operation
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(a) ETU1 with 1Tx                                                       (b) ETU1 with 2Tx

Figure 2 NPDCCH performances under ETU1 for stand-alone operation

2.2. In-band
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(a) EPA1 with 1Tx                                                       (b) EPA1 with 2Tx

Figure 3 NPDCCH performances under EPA1 for in-band operation
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(a) ETU1 with 1Tx                                                       (b) ETU1 with 2Tx

Figure 4 NPDCCH performances under ETU1 for in-band operation

3. Discussion

Since UE can achieve better NPDCCH performance under AWGN channel, we only provide simulation results under EPA1 and ETU1 channel when discussing RLM requirement. It can be observed that the simulation results illustrate the relation between NPDCCH BLER and NRS SNR. Simulation results depend on the power relation between NPDCCH and NRS. That is also why the ratio of PDCCH/PCFICH RE energy to average RS RE energy were specified in transmission parameters in existing RLM requirements (yellow highlight in following tables).
Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


However, when we come to NB-IoT, it was agreed in RAN1 that:
· If the number of NB-RS antenna ports is one,

· the EPRE of NB-RS and the EPRE of all NB-IoT DL channels is the same

· If the number of NB-RS antenna ports is two,

· the EPRE per antenna port of NB-RS port is 3dB larger compared to the EPRE per antenna port of all NB-IoT DL channels

Even if the number of NB-RS antenna ports is two and EPRE per antenna port of NB-RS port is 3dB larger, NRS are not transmitted simultaneously on two ports. Thus considering 3dB diversity gain for NPDCCH, EPRE of NRS and NPDCCH are always the same. Notably, power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS RE in in-band/guard band has no impact on the power relation of NPDCCH and NRS. Therefore, we propose:

Proposal 1: power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS RE in in-band/guard band has no impact on NB-IoT RLM requirement.
Based on the assumption in proposal 1, there is no difference between standalone and guard band from RLM perspective. Thus we only provide simulation results for in-band and standalone operations. 

Compared with figure (a) and (b) from all the scenarios above, one can see that for the same BLER, 2TX ports configuration can achieve almost 3dB gain compared to 1TX port configuration.

Observation 1: 3dB benefit can be observed in fading channel due to transmit diversity.
From section 2 it can also be observed that less than 1dB benefit can be observed in stand-alone operation in most of the scenarios. Take EPA1 channel with 256 repetitions and 1TX for example (compare with Figure 1(a) and Figure 3(a)), SNR corresponding 0.1 BLER in stand-alone operation is around -15dB. Meanwhile, corresponding SNR is around -14dB in in-band operation. Therefore, it is not expected that different RLM requirements are introduced for in-band/guard band and stand-alone operation, i.e. it’s unnecessary that UE in in-band operation needs longer evaluation period or more repetition.
Proposal 2: RAN4 is not to specify different RLM requirements for in-band/guard band and stand-alone operations.
Another open issue in RLM requirement is about the maximum NPDCCH repetition level for out-of-sync and in-sync evaluation. In order to achieve desirable SNR margin between thresholds of out-of-sync and in-sync less repetition level was considered in transmission parameters, i.e. Rmax/k for in-sync but k is TBD as can be seen in following table in [3].
Table 7.23.2-1 NPDCCH transmission parameters for out-of-sync and in-sync for NB-IoT UE
	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
	1x1 or 2x1 [TBD]
	1x1 or 2x1 [TBD]

	Maximum NPDCCH Repetition level
	RmaxNote1
	Rmax/k Note1 and ‘k is [TBD]

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Deployment mode
	 [TBD]
	 [TBD]

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


According to the simulation results in section 2, it can be observed that when antenna configuration is 1x1, the SNR difference between Qout and Qin can achieve more than 7dB for most of cases assuming k is 2. When antenna configuration is 2x1, the SNR difference between two thresholds becomes smaller. However, around 5dB difference can still be observed if k is 2. Therefore, we can have following proposal:
Proposal 3: Rmax/2 should be considered as maximum repetition level for in-sync in NPDCCH transmission.
4. Conclusions

In this contribution, we provide discussion on RLM for NB-IoT. After discussion, the following conclusions are provided:
Proposal 1: power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS RE in in-band/guard band has no impact on NB-IoT RLM requirement.
Observation 1: 3dB benefit can be observed in fading channel due to transmit diversity.
Proposal 2: RAN4 is not to specify different RLM requirements for in-band/guard band and stand-alone operations.

Proposal 3: Rmax/2 should be considered as maximum repetition level for in-sync in NPDCCH transmission.
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6. Annex

In this section, simulation assumption [2] and simulation results under AWGN channel are informatively provided.
Table A1
NB-PDCCH transmission parameters for in-sync/out-of-synch.
	Parameter
	Value for In-sync
	Value for Out-of-sync

	DCI format
	Format N1 (RAR)
	Format N1 (DL scheduling)

	Number of information bits
	[22] bits
	[22] bits

	System Bandwidth
	200kHz
	200kHz

	Channel model
	AWGN

EPA1

ETU1
	AWGN

EPA1

ETU1

	Antenna configuration
	1x1 and 2x1
	1x1 and 2x1

	Antenna correlation
	Low
	Low

	Repetition level
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Operation
	In-band, Guard-band, Stand-alone
	In-band, Guard-band, Stand-alone

	Note: For in-band operation, the number of antenna ports for CRS is same as that for NRS. 


Stand-alone
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Figure A1: NB-PDCCH performance for stand-alone AWGN
[image: image11.png]10

10

BLER

PDCCH Performance:AWGN, 1Tx in band

+rep 1(1T%)

—rep=8(1Tx)
,,,,,,,,,,,,,, —*—rep=16(1Tx)
O rep=32(1Tx)

1
-15 -10 -5 0 5
Serving Cell Geometry (Uint: dB)



 [image: image12.png]10

10

BLER

PDCCH Performance:AWGN, 2Tx in band

+rep 1(2T%)
—*—rep=2(2Tx)

- —rep=8(2Tx)
SR TSNRURRS | NSRS WS N SRR —*—rep=16(2Tx)
O rep=32(2Tx)

1 |
-10 -5 0 5
Serving Cell Geometry (Uint: dB)




Figure A2: NB-PDCCH performance for in-band AWGN
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