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1
Introduction
In NB-IoT Ad-Hoc NB-Iot Min and OFF power requirements for UE that supports multitoned the fully allocated channel requirements were endors to be same as E-UTRA [1]. In this contribution we continue discussion with single tone requirements and re-visit the previous endorsed agreement.
2
Discussion

In this contribution to determine the correct NB-Iot UE Minimum and OFF power requiremetns we study the near far problem when near UE is experiencing 70 dB minimum coupling loss as defined in Table 4.4 in TR 36.924 and far UE is in extended coverage situation having 164 dB path loss.
2.1
Fully allocated channel case
Full allocation Minimum TX power: -40 dBm (endorsed)

Full allocation OFF power: -50 dBm (endorsed)

Minimum power case: 
Tx power for near UE at eNodeB input = -40 dBm (200 kHz) – 70 dB = -110 dBm (200 kHz)
No issue as no other UE is transmitting.

OFF power case: 

Tx power from near user at eNodeB input = -50 dBm (200 kHz) – 70 dB = -120 dBm (200 kHz)

Tx power from single user from extreme coverage: 23-164= -141dBm (15 kHz)
However for extreme coverage case as far UE is transmitting only 1 tone this means that we need to scale near UE OFF power to same bandwidth thus -120 - 10*log(1/12) = -130.8 dBm (15 kHz)

Near user OFF power leakage at eNodeB input is 10.2 dB higher than transmission power of far user for single tone bandwidth. It seems that – 50 dBm OFF power requirement for fully allocated case is not enough when we consider extreme coverage case thus we propose that OFF power requirement for fully allocated channel is – 60 dBm / 200 kHz.
Multiple users and OFF power:

There can be very large quantities of NB-IoT UE’s in the cell without transmissions and those must at minimum fulfill the OFF power requirement. These powers are summing up and create a noise floor that interferes eNodeB reception. However vast majoarity of UE’s is experiencing much greater pathloss than minimum coupling loss. Also NB-IoT UE’s spend most of time in some kind of sleep mode to save battery and during that time there cannot be in practice any transmission leakage at UE antenna port as othervise NB-IoT would consume its battery far too quickly. Based on these reason we believe that – 60 dBm / 200 kHz can be used as a full channel OFF power requirement.
2.2
Single tone case

In this case we have assumed that Min (-40 dBm) and OFF (-50 dBm) power requriemetns are scaled and rounded from fully allocated channel to be 
Min power – 50.8 dBm per tone

OFF power – 60.8 dBm per tone
Minimum power case: 

Tx power from near user at eNodeB input = -50.8 dBm (15 kHz)  – 70 dB = -120.8 dBm (15 kHz)
Tx power from far user (single tone transmission) from extreme coverage: 23 dBm – 164 dB =-141dBm (15 kHz)
Near user single tone power is 20 dB more than far user single tone power at eNodeB inout however tones are different. 
12 users with single tone transmissions

In case we have 11 near users with single tone transmission then combined min power at eNodeB input is -120.8 dBm + 10xLOG11= -110.4 dBm (11x15 KHz). Thus eNodeB reception power difference from 11 NB-IoT users that are near to transmission power from single user that is far is 30.6. In this case tones are allocated to different positions and are orthogonal but it seems that mininmum power requirement of – 50.8 dBm per tone is not tight enough. Proposed minimum power requirement for single tone transmission is -61 dBm / 15 kHz.
OFF power case: 

Tx power from single near user at eNodeB input = -60.8 dBm (15 kHz)  – 70 dB = -130.8 dBm (15 kHz)

Tx power from single far user from extreme coverage: 23-164=-141dBm

Near user OFF power leakage at eNodeB input is 10.2 dB higher than transmission power of far user. It seems that – 60.8 dBm OFF power requirement for single tome case is not enough. If the single tone OFF power requirement would be – 71 dBm / 15 kHz then near user OFF power and far user transmission power would be at same level at eNodeB input.
3 Summary

We propose that the endorsed NB-Iot OFF power requirement for fully allocated channel is tightened 10 dB to ensure that UE’s in extreme coverage are not interfered by the UE’s close to eNodeB. OFF power requirement for single tone transmisions with bandwidth conversion is proposed to be – 71 dBm / 15 kHz.
Proposal 1: OFF power requirement for fully allocated channel is – 60 dBm / 200 kHz and for single tone transmission – 71 dBm / 15 kHz.
We prosed that the minimum power requirement for single tone transmission is specified to be – 61 dBm / 15 kHz to keep the received power difference between near UE’s and extreme coverage users reasonable. Additionally we proposed that the endorsed minimum power requirement for fully allocated channel is tightened 10 dB to be aligned with other minimum and off pwer requriemetns.
Proposal 2: Minimum power requirement for fully allocated channel is – 50 dBm / 200 kHz and for single tone transmission – 61 dBm / 15 kHz.


4 References
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8
Study of UE requirements

8.1
Transmitter characteristics
8.1.X
Transmitter min and OFF power

8.1.X.1
Fully allocated channel case

Minimum power case: 

Tx power for near UE at eNodeB input = -40 dBm (200 kHz) – 70 dB = -110 dBm (200 kHz)

No issue as no other UE is transmitting.

OFF power case: 

Tx power from near user at eNodeB input = -50 dBm (200 kHz) – 70 dB = -120 dBm (200 kHz)

Tx power from single user from extreme coverage: 23-164= -141dBm (15 kHz)

However for extreme coverage case as far UE is transmitting only 1 tone this means that we need to scale near UE OFF power to same bandwidth thus -120 - 10*log(1/12) = -130.8 dBm (15 kHz)

Near user OFF power leakage at eNodeB input is 10.2 dB higher than transmission power of far user for single tone bandwidth. It seems that – 50 dBm OFF power requirement for fully allocated case is not enough when we consider extreme coverage case thus we propose that OFF power requirement for fully allocated channel is – 60 dBm / 200 kHz.

Multiple users and OFF power:

There can be very large quantities of NB-IoT UE’s in the cell without transmissions and those must at minimum fulfill the OFF power requirement. These powers are summing up and create a noise floor that interferes eNodeB reception. However vast majoarity of UE’s is experiencing much greater pathloss than minimum coupling loss. Also NB-IoT UE’s spend most of time in some kind of sleep mode to save battery and during that time there cannot be in practice any transmission leakage at UE antenna port as othervise NB-IoT would consume its battery far too quickly. Based on these reason we believe that – 60 dBm / 200 kHz can be used as a full channel OFF power requirement.
8.1.X.1
Single tone case

In this case we have assumed that Min (-40 dBm) and OFF (-50 dBm) power requriemetns are scaled and rounded from fully allocated channel to be 

Min power – 50.8 dBm per tone

OFF power – 60.8 dBm per tone
Minimum power case: 

Tx power from near user at eNodeB input = -50.8 dBm (15 kHz)  – 70 dB = -120.8 dBm (15 kHz)

Tx power from far user (single tone transmission) from extreme coverage: 23 dBm – 164 dB =-141dBm (15 kHz)

Near user single tone power is 20 dB more than far user single tone power at eNodeB inout however tones are different. 

12 users with single tone transmissions

In case we have 11 near users with single tone transmission then combined min power at eNodeB input is -120.8 dBm + 10xLOG11= -110.4 dBm (11x15 KHz). Thus eNodeB reception power difference from 11 NB-IoT users that are near to transmission power from single user that is far is 30.6. In this case tones are allocated to different positions and are orthogonal but it seems that mininmum power requirement of – 50.8 dBm per tone is not tight enough. Proposed minimum power requirement for single tone transmission is -61 dBm / 15 kHz.
OFF power case: 

Tx power from single near user at eNodeB input = -60.8 dBm (15 kHz)  – 70 dB = -130.8 dBm (15 kHz)

Tx power from single far user from extreme coverage: 23-164=-141dBm

Near user OFF power leakage at eNodeB input is 10.2 dB higher than transmission power of far user. It seems that – 60.8 dBm OFF power requirement for single tome case is not enough. If the single tone OFF power requirement would be – 71
OFF power requirement for fully allocated channel is – 60 dBm / 200 kHz and for single tone transmission – 71 dBm / 15 kHz.
Minimum power requirement for fully allocated channel is – 50 dBm / 200 kHz and for single tone transmission – 61 dBm / 15 kHz.
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