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1
Introduction
With the completion of the Core requirements of the Rel-13 NB-IoT Work Item [1], a new Rel-14 enhancement for NB-IoT Work Item has been approved during the RAN #72 meeting [2].  One key RAN4 objective of the Work Item is work on mobility enhancements for eNB-IoT devices:
Mobility and service continuity enhancements

Enhancement(s) to connected mode mobility in order to improve service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption. [RAN2, RAN3,RAN4].

This paper presents Intel’s recommendation to enhance the network’s repetition level assignment algorithms with an excess number of repetitions report (ENRR) provided by the UE to the network.
2
Discussion

2.1
Overview

From Table 1 in [5], we observe the following potential requirements for NPUSCH format 1 BS demodulation:

	Simulation 
	Number of tone(s)
	Sub-carrier spacing
	Number of repetitions
	SNR requirement (dB)

	1
	1
	3.75 kHz
	1
	-2.5

	
	1
	3.75 kHz
	16
	-10.2

	
	1
	3.75 kHz
	64
	-13.9

	2
	1
	15 kHz
	1
	-2.1

	
	1
	15 kHz
	16
	-9.5

	
	1
	15 kHz
	64
	-13.1

	3
	12
	15 kHz
	2
	0.3

	
	12
	15 kHz
	16
	-6.1

	
	12
	15 kHz
	64
	-10.1

	4
	6
	15 kHz
	2
	-0.6

	
	6
	15 kHz
	16
	-6.6

	
	6
	15 kHz
	64
	-10.8

	5
	3
	15 kHz
	2
	-2.9

	
	3
	15 kHz
	16
	-8.7

	
	3
	15 kHz
	64
	-13.0


Table 1: Requirements for NPUSCH format 1 (with impairments)
We observe that for extended coverage, the single-tone 15 kHz spacing case with RL=64 achieves the SNR value of -13.1 dB. 
Continuing the example, one possible link budget for such a scenario could be:

	Parameter
	Unit
	Value

	Scenario
	 
	PC3, 15 kHz spacing, 1 SC, MPR=0, MCL=163.3

	Transmit power
	dBm
	23.0

	Channel BW
	Hz
	200,000.0

	SC spacing
	Hz
	15,000.0

	Num SC
	 
	1.0

	Transmission BW
	dB
	15,000.0

	MPR
	dB
	0.0

	Effective transmitted power
	dBm
	23.0

	MCL (extended coverage)
	dB
	163.3

	Effective received power
	dBm
	-140.3

	Thermal noise density
	dBm/Hz
	-174.0

	Receiver Nf
	dB
	5.0

	Interference margin
	dB
	0.0

	Effective noise power
	dBm
	-127.2

	Target SNR
	dB
	-13.1


We observe that 64 uplink repetitions is sufficient to nearly reach the MCL target of 164 dB and that the link budget of an in-band NB-IoT deployment is downlink-limited.
From the NPDSCH demodulation simulation summary in [6] we have:
	Simulation results without impairments

	 
	 
	
	Average

	NPDSCH
	2NRS EPA5
	Inband I_TBS=4, I_SF=0, EPA5 2x1 Rep1
	3.0

	
	2NRS EPA5
	Inband I_TBS=4, I_SF=0, EPA5 2x1 Rep8
	-3.9

	
	
	Inband I_TBS=4, I_SF=0, EPA5 2x1 [Rep16]
	-6.0

	
	
	Inband I_TBS=4, I_SF=0, EPA5 2x1 Rep32
	-8.0

	
	2NRS ETU1
	Inband I_TBS=4, I_SF=0, ETU1 2x1 Rep128
	-11.4

	
	
	Inband I_TBS=4, I_SF=0, ETU1 2x1 [Rep192]
	-12.4

	
	
	Inband I_TBS=4, I_SF=0, ETU1 2x1 Rep256
	-13.3

	
	1NRS EPA5
	Standalone I_TBS=9, I_SF=3, EPA5 1x1 Rep16
	-4.2

	
	
	Standalone I_TBS=9, I_SF=3, EPA5 1x1 [Rep32]
	-6.7

	
	
	Standalone I_TBS=9, I_SF=3, EPA5 1x1 Rep64
	-9.5

	
	1NRS ETU1
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 Rep64
	-8.3

	
	
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 Rep128
	-11.2

	
	
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 [Rep192]
	-12.5

	
	
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 Rep256
	-13.4


Although the simulation results are without impairments, it is likely that with RF impairments the requirement for RL=256 would be near -11 dB.
	Parameter
	Unit
	Value

	Scenario
	 
	In-band, SBW=10 MHz, boost=0 dB

	Rated output power
	dBm
	43.0

	Number of BS antennas
	 
	2.0

	Transmit power
	dBm
	46.0

	System BW
	Hz
	10,000,000.0

	Occupied channel BW
	Hz
	180,000.0

	Channel boosting
	dB
	0.0

	NB-IoT effective tx power
	dBm
	28.5

	MCL (extended coverage)
	dB
	151.6

	Effective received power
	dBm
	-123.1

	Thermal noise density
	dBm/Hz
	-174.0

	Receiver Nf
	dB
	8.5

	1/f noise
	dB
	0.8

	Effective noise power
	dBm
	-112.1

	Target SNR
	dB
	-11.0


This SNR point corresponds to an MCL of 151.6 dB (which is 12.2 dB above the target MCL for NB-IoT).  In order to reach an MCL of 154.6 dB, we anticipate a doubling of the repetition level to 512:
Table 2: NPDSCH simulation results (without impairments) [6]
	 
	Source
	Ericsson
	CATT
	Huawei, HiSilicon
	Intel
	Nokia
	Samsung
	Qualcomm
	ZTE

	 
	Tdoc
	R4-168207
R4-168208
R4-168209
	R4-167506
R4-167507
R4-167505
R4-168744
	R4-167568
R4-167569
R4-167567
R4-167570
	R4-167243
R4-167244
R4-167242
	R4-168368
R4-168367
R4-168366
R4-168740
	R4-168148
R4-168150
	R4-168040
R4-168041
R4-168052
	R4-168157
R4-168156
R4-168158
R4-168155

	2NRS EPA5
	Inband I_TBS=4, I_SF=0, EPA5 2x1 Rep1
	4.5
	1.7
	 
	 
	2.2
	 
	4
	2.4

	
	Inband I_TBS=4, I_SF=0, EPA5 2x1 Rep8
	-2.4
	-5.2
	 
	 
	-4
	 
	 
	 

	
	Inband I_TBS=4, I_SF=0, EPA5 2x1 [Rep16]
	-4.8
	-7.3
	 
	-5.8
	-5.5
	-5.9
	-5.5
	-7.2

	
	Inband I_TBS=4, I_SF=0, EPA5 2x1 Rep32
	-7.4
	-9.3
	 
	-8.3
	-7.1
	 
	 
	 

	2NRS ETU1
	Inband I_TBS=4, I_SF=0, ETU1 2x1 Rep128
	-11
	-12.1
	 
	 
	-10.3
	-11.3
	-11
	-12.6

	
	Inband I_TBS=4, I_SF=0, ETU1 2x1 [Rep192]
	-12.3
	-13.2
	 
	-12.5
	-11.4
	-12.4
	 
	 

	
	Inband I_TBS=4, I_SF=0, ETU1 2x1 Rep256
	-13.2
	-14.1
	 
	-13.5
	-12.2
	-13.4
	 
	 

	1NRS EPA5
	Standalone I_TBS=9, I_SF=3, EPA5 1x1 Rep16
	-4.1
	-4.6
	 
	 
	-4
	 
	 
	 

	
	Standalone I_TBS=9, I_SF=3, EPA5 1x1 [Rep32]
	-7.1
	-7.3
	 
	 
	-6.5
	-5.5
	-6
	-7.8

	
	Standalone I_TBS=9, I_SF=3, EPA5 1x1 Rep64
	-9.7
	-9.9
	 
	 
	-8.8
	 
	 
	 

	1NRS ETU1
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 Rep64
	 
	-8.8
	 
	 
	-7.8
	 
	 
	 

	
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 Rep128
	-12.2
	-11.7
	 
	 
	-10.3
	-10.3
	-10.5
	-12.1

	
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 [Rep192]
	-13.5
	-13.1
	 
	-13.1
	-11.4
	-11.4
	 
	 

	
	Standalone I_TBS=6, I_SF=3, ETU1 1x1 Rep256
	-14.3
	-14.2
	 
	 
	-12.2
	-12.7
	 
	 


It is reasonable to expect that a majority of eNB-IoT UEs will experience MCL in the range of 154 +/- 2 dB, which places the majority of these UEs in enhanced coverage potentially alternating between 256 and 512 downlink repetitions for NPDSCH in the example given here.

The network can possibly use the following information to decide on RL and MCS allocation:

1. ACK/NACK statistic

2. UE power headroom report

3. RLM

The ACK/NACK statistic may potentially have long averaging time and may miss a 3 dB change in path loss or may lead to responding to such a change after a significant delay.  Furthermore, it is not possible for the UE to send an ACK after an early decoding of the DL transport block, which implies that the UE is unable to directly indicate to the network a trend of improving channel conditions.  Conversely, a NACK indicates to the network the case of deteriorating channel conditions but incurs a cost of a retransmission of the entire transmit block. 

In the case of the UE power headroom report, when considering the uplink link budget for the MCL in this example, the UE is expected to operate at maximum configured power with 0 power headroom.  This feedback would not be useful to the network.

RLM procedures do not define explicit UE signalling to the network either for in-sync (IS) or out-of-sync (OOS) indications.  The network does not have a way of detecting a UE’s transition from OOS to IS.  A UE transition from IS to OOS is typically accompanied by radio link failure (RLF) at which time the UE stops transmitting.  A timer expiry at the network side or the initiation of the PRACH procedures by the UE allow the network to determine if a UE entered RLF.  None of these procedures allow the network to adapt RL or MCS allocations, however.

3
Conclusions

In summary, ACK/NACK statistics provide the network with information useful for adapting RL and MCS assignments to the UE under the link conditions targeted in this discussion.  The ACK/NACK statistics can provide the needed indications but require a significant amount of time to converge on a trend.

The first proposal is the introduction of a new excess number of repetitions report with a functionality closely resembling existing power headroom report (PHR) procedures, as described in [7].  The second proposal is the introduction of repetition level thresholds, R_inc(rease) and R_dec(rease), with a functionality closely resembling existing radio link monitoring (RLM) procedures, as described in [7].  The UE can report R_inc and R_dec indications directly to the network based on a periodic or aperiodic feedback configuration.

Recommendation: RAN4 should collect proposals related to enhancements of RRM procedures targeted at improving the network’s allocation of resources to eNB-IoT UEs.  If feasibility at the RAN4 level can be established of some of these proposals, it is recommended to capture the high-level summary of these feasible proposals and to request RAN1 and RAN2 to take this information into consideration as they make progress through the core part of the eNB-IoT Work Item.
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