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1. Introduction 
A WI on NB-IoT was agreed in RAN#69 [1] where 3 operating modes were defined:

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
For In-band operation, the following is agreed in RAN1#82bis regarding power (PSD) boosting:

· For LTE in-band evaluation, the  power boosting value(s) as a coverage enhancement technique 

· 3dB, 6dB
· For reference EPRE, equal power distributed across the number of PRB in the system is used
· Ask RAN4 the feasibility of 6 dB
· Note that RAN1 will continue to have technical evaluations parallelly
· If more than one PRB is used for NB-IoT, not more than 1 PRB is boosted by 6dB. 

This contribution discusses some consideration on PSD (or power) boosting in In-band operation.
2. Discussion
In Stand-alone and Guard band operations a dedicated PA can be used for the 180 kHz narrowband NB-IoT thereby benefiting from the full transmission power of the eNB.  However, for In-band a common PA for LTE and NB-IoT operations is used and hence In-band NB-IoT operation has a much smaller coverage compared to those in Stand-alone and Guard band operations.  In order to support extended coverage of 20 dB in In-band NB-IoT, very high number of repetitions are required, which may be a challenge to meet the 10 seconds exception report time line requirement (which includes time UE needs to achieve synchronization, send an uplink report and get an acknowledgement back from the eNB).
PSD or power boosting of 6 dB was proposed in [2] for In-band NB-IoT, which would reduce the number of repetitions by a factor of 4.  Since eNB power resource is limited (e.g. 43 dBm), PSD boosting can only be performed on a limited number of narrowbands, specifically in RAN1#82bis, we agreed that for a PSD boosting of 6 dBm, this can only be performed on one PRB (i.e. one NB-IoT narrowband).  Hence, for operation where multiple In-band NB-IoT narrowbands are configured, we should consider:

· Which NB-IoT narrowband is PSD boosted

· When should a NB-IoT narrowband be PSD boosted

The following is some considerations on selecting which narrowband for PSD boosting:
1. If a primary narrowband and multiple secondary narrowbands are defined such that only the primary band contains sync and common channels, then the primary narrowband is the one PSD boosted.
2. The PSD boosted narrowband is used to serve a specific group of UEs, e.g.:

a. UE with service where latency (e.g. 10 seconds exception report requirement) is an issue, especially under coverage enhanced operation.  PSD boosting would reduce the number of repetitions and therefore allow UE in deep coverage to meet the latency requirement.

b. UE in deep coverage where PSD boosting can reduce the number of repetitions.

PSD boosting is beneficial for UEs under coverage enhancement.  If a primary narrowband is defined, which would be used by UEs under normal coverage and UEs in coverage enhancement.  The eNB can allocate UEs under normal coverage to one of the secondary narrowbands which are not PSD boosted and only serve coverage enhanced UEs in the primary narrowband.  However, this may impact the cell reselection process since cell reselection would be based on the primary narrowband which does not represent the “correct” power for UEs under normal coverage since they are likely reallocated to a secondary narrowband that has 6 dB less power.
If a primary carrier is not defined, then the PSD boosted narrowband would likely be the narrowband selected by UE in the cell (re)selection process.  If the PSD boosted narrowband is used to serve a specific group of UEs, then it would need to be identified e.g. by using a different or known PSS/SSS sequence.  Hence only UEs that needs (or allowed) to use a PSD boosted narrowband would search for such PSS/SSS sequence.  The PSD boosted narrowband can also be indicated in the SIB so that the UE can retune to this narrowband if it needs PSD boosting, e.g. it moves to coverage enhanced region.  UE that does not require PSD boosting should not attach/reselect a PSD boosting narrowband unless it is explicitly configured by the network to retune to this (PSD boosted) narrowband.
Proposal 1: In a multi-narrowband In-band NB-IoT operation, the PSD boosted narrowband is targeted at a selected group of UEs.

Propsoal 2: In a multi-narrowband In-band NB-IoT operation, the PSD boosted narrowband is indicated to the UE.

Since the eNB power is limited, PSD boosting one narrowband would leave the other narrowbands and LTE PRBs with less power.  Therefore permanently PSD boosting a NB-IoT narrowband if no UE requires such PSD boosting does not utilize the power resource efficiently.  It would be beneficial if the UE indicates to the eNB that its connection requires PSD boosting (e.g. in poor coverage and has latency issue) and the eNB can then decide whether to PSD boost one of the narrowbands.
Proposal 3: The UE can indicate whether it needs PSD boosting to the network.
3. Conclusion

In this contribution we discuss some considerations of PSD boosting for multi-narrowband In-band NB-IoT operation.  We propose:
Proposal 1: In a multi-narrowband In-band NB-IoT operation, the PSD boosted narrowband is targeted at a selected group of UEs.

Propsoal 2: In a multi-narrowband In-band NB-IoT operation, the PSD boosted narrowband is indicated to the UE.

Proposal 3: The UE can indicate whether it needs PSD boosting to the network.
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