
	
[bookmark: _Ref409106980]3GPP TSG-RAN WG1 NB-IoT Ad Hoc	R1-160088
18th – 20th January 2016
Budapest, Hungary

Source:                    	Ericsson
Title:  	NB-IoT – Uplink Link Level Coexistence – Impact on LTE
Document for:        	Discussion
Agenda Item:         	2.1.2.1
Introduction
[bookmark: _Ref426290311]At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. 
NB-IOT should support 3 different modes of operation: 
1. “Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2. “Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3. “In-band operation” utilizing resource blocks within a normal LTE carrier
RAN1 #83 made the following agreement regarding the NB-IOT uplink [2]:
· Proposal for NB-IoT UL
· Single-tone transmissions are supported
· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz
· A cyclic prefix is inserted
· Frequency domain Sinc pulse shaping in the physical layer description
· Multi-tone transmissions are supported
· Multi-tone transmissions are based on SC-FDMA
· 15 kHz UL subcarrier spacing

In this contribution, we evaluate the impact of NB-IOT transmission on the LTE uplink, when the NB-IOT carrier is deployed in the inband or in the guardband of the LTE UL system bandwidth.
Discussion
In this contribution we provide link-level simulation results that measure the impact of NB-IOT uplink transmission on the uplink transmission from a LTE UE. We evaluate three proposed designs for the NB-IOT uplink transmission:
1. 15 kHz UL subcarrier spacing with normal cyclic prefix.
2. 15 kHz UL subcarrier spacing with extended cyclic prefix (ECP).
3. 3.75 kHz UL subcarrier spacing.
In case of ECP, the cyclic prefix length is same as that used by legacy LTE extended CP, i.e. (OFDM symbol duration)/4. We assume that the entire NB-IOT bandwidth of 180 kHz is occupied by uplink transmissions. In case of 15 kHz UL subcarrier spacing this corresponds to 12 UL subcarriers and in case of 3.75 kHz subcarrier spacing this corresponds to 48 subcarriers. In all cases, the location of the NB-IOT transmission is adjacent to the LTE transmission in frequency (i.e., there is no guard interval between the LTE and NB-IOT uplink transmissions).
[bookmark: _Ref434588368]In-band operation
In this section we present link-level evaluation results for the case when the NB-IOT carrier is located inband within the LTE UL system bandwidth.
Case 1: NB-IOT impact on LTE PUSCH
The simulation results are provided in Figure 1 for NB-IOT impact on LTE PUSCH transmission spanning (a) 1 PRB with 16-QAM and (b) 10 PRBs with QPSK. The simulation parameters are obtained from [3]. It is observed that there is almost no impact of NB-IOT with 15 kHz UL subcarrier spacing on LTE PUSCH, with normal CP as well as ECP. Also with 3.75 kHz UL subcarrier spacing, there is negligible impact on LTE PUSCH. For 1-PRB LTE PUSCH allocation, there is approximately 0.2 dB worst-case degradation in performance, whereas for 10-PRB LTE PUSCH allocation, the degradation is even smaller. This is because with a larger PUSCH allocation in frequency, the LTE signal energy is spread away from the NB-IOT transmission, reducing the average interference to noise ratio caused by NB-IOT transmission.
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[bookmark: _Ref438167026]Figure 1 For a NB-IOT SNR of 5 dB, there is negligible impact on inband NB-IOT deployment on LTE PUSCH performance with any of the three uplink transmission schemes.
Observation 1 [bookmark: _Ref438199212]For normal NB-IOT SNR levels (e.g. 5 dB) and inband deployment, the three considered UL NB-IOT transmission schemes have negligible impact on LTE PUSCH.

Case 2: NB-IOT impact on LTE PUCCH
The simulation results are provided in Figure 2  for NB-IOT impact on LTE PUCCH Format 1b transmission. The simulation parameters are obtained from [3]. It is observed that in this case, the impact of NB-IOT transmission is negligible for all three UL configurations. It must be noted that the SNR range for PUCCH considered here is significantly lower than that for PUSCH above. This implies that the interfering NB-IOT has a significantly larger SNR compared to the LTE UE. In spite of this, the impact on PUCCH is small on account of lower coding rate of PUCCH compared to PUSCH and slot-level hopping across the LTE system bandwidth.
 [image: P:\ECL\narrowband_lte\results\coexistence_nb_legacy\ran1_jan_ah_plots\print_versions\NBIOT_INBAND_CASE2_169392.png]
[bookmark: _Ref434589570]Figure 2 For a NB-IOT SNR of 5 dB, there is negligible impact on inband NB-IOT deployment on LTE PUCCH performance with any of the three uplink transmission schemes.
Observation 2 [bookmark: _Ref438199227]For normal NB-IOT SNR levels (e.g. 5 dB) and inband deployment, the three considered UL NB-IOT transmission schemes have negligible impact on LTE PUCCH.
[bookmark: _Ref434588789]Guardband Deployment
In this section we present link-level evaluation results for the case when the NB-IOT carrier is located within the guard band of the LTE UL system bandwidth. The simulation results are provided in Figure 3 for NB-IOT on PUCCH Format 1b transmission. The simulation results are obtained from [4]. It is observed that the impact of NB-IOT transmission is quite small for all the three evaluated NB-IOT configurations.
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[bookmark: _Ref438167064]Figure 3 For a NB-IOT SNR of 5 dB, there is negligible impact on guardband NB-IOT deployment on LTE PUCCH performance with any of the three uplink transmission schemes.
Observation 3 [bookmark: _Ref438462470]For normal NB-IOT SNR levels (e.g. 5 dB) and guardband deployment, the three considered UL NB-IOT transmission schemes have negligible impact on LTE PUSCH.

High NB-IOT SNR Target (15 dB)
It is possible that the NB-IOT SNR is higher than what has been considered in previous sections. This might happen on account of channel variations, or in the case when only a fraction of the eNodeBs are upgraded to support NB-IOT, leading to near-far effects at the non-upgraded eNodeBs. The simulation results are provided in Figure 4 for NB-IOT impact on LTE PUSCH transmission spanning (a) 1 PRB with 16-QAM and (b) 10 PRBs with QPSK. The simulation parameters are obtained from [3]. It is observed that there is almost no impact of NB-IOT with 15 kHz UL subcarrier spacing with normal CP on LTE PUSCH. However with ECP and with 3.75 kHz UL subcarrier spacing, there is ~1 dB performance degradation in case of 1-PRB PUSCH allocation. For 10-PRB LTE PUSCH allocation, the degradation is quite small (~0.2 dB) for ECP and 3.75 kHz subcarrier spacing.
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[bookmark: _Ref438463578]Figure 4 For a NB-IOT SNR of 15 dB and inband deployment, 15 kHz subcarrier spacing with ECP as well as 3.75 kHz subcarrier spacing degrades LTE PUSCH performance by ~1 dB.

Observation 4 [bookmark: _Ref438462444]For high NB-IOT SNR levels (e.g. 15 dB) and inband deployment, 15 kHz subcarrier spacing with normal CP has significantly smaller impact on LTE compared to either 15 kHz subcarrier spacing with ECP or 3.75 kHz subcarrier spacing.
Conclusions
From the results in previous sections, we observe:
Observation 1	For normal NB-IOT SNR levels (e.g. 5 dB) and inband deployment, the three considered UL NB-IOT transmission schemes have negligible impact on LTE PUSCH.
Observation 2	For normal NB-IOT SNR levels (e.g. 5 dB) and inband deployment, the three considered UL NB-IOT transmission schemes have negligible impact on LTE PUCCH.
Observation 3	For normal NB-IOT SNR levels (e.g. 5 dB) and guardband deployment, the three considered UL NB-IOT transmission schemes have negligible impact on LTE PUSCH. 
Observation 4	For high NB-IOT SNR levels (e.g. 15 dB) and inband deployment, 15 kHz subcarrier spacing with normal CP has significantly smaller impact on LTE compared to either 15 kHz subcarrier spacing with ECP or 3.75 kHz subcarrier spacing.
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