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1. Introduction
Whether multiple NS and/or P-Max should be introduced or not has been discussed over several RAN4 meetings. Specifically for multiple P-Max, a concern on its effectiveness was raised when some contributions were handled [1-3]. In this contribution, we discuss what kinds of advantages can be provided by its introduction.
2. Discussion
2.1. Brief overview

The fundamental issue caused by not introducing multiple P-Max is that even if we introduce multiple NS, if the operators already apply the currently specified P-Max in certain area to make the non-multiple NS capable terminals to protect some systems, the same restriction is applicable to the multiple NS capable terminals as well.  To remove this constraint is the original motivation to introduce multiple P-Max.
Nevertheless, one concern was raised. That is that the coverage is already designed based on the assumption that UEs can transmit up to the P-Max for non-multiple P-Max UEs. Note that here we assume the P-Max is lower than 23 dBm. Thus, even if multiple NS and P-Max capable UEs can transmit up to 23 dBm under certain conditions, the area design cannot be easily changed since still the non-multiple NS and P-Max capable UEs exist.

2.2. Precondition
To make the discussion more specific, we assume the below conditions in the following Sections.

As mentioned in the Section 2.1, from high level perspective, the advantage of this multiple P-Max is that not P-Max but rather A-MPR can be used in the area where the existing P-Max is being still applicable.

· Network uses 
· P-Max of 19 dBm for Non multiple P-Max UEs.
· P-Max of 23 dBm for multiple NS and P-Max UEs.
· UE types
· Three types of UEs are assumed.
· Note that if there is a UE not supporting multiple P-Max but supporting multiple NS, the network has to set the respective P-Max to the same value. In this case, 19 dBm has to be applied. However, this paper does not consider such a UE.
Table 2.1-1: UE types assumed in this contribution
	Multiple NS
	Multiple P-Max
	UEs type

	No
	No
	Considered

	Yes
	No
	Considered

	No
	Yes
	Not considered

	Yes
	Yes
	Considered


· A-MPR

· Multiple NS capable UEs can transmit up to 23 dBm under certain conditions such as the number of RBs and its position.

· The area design

· The cell was designed based on P-Max of 19 dBm.
2.3. Advantage
As mentioned in the Section 2.1, from high level perspective, the advantage of this multiple P-Max is that not P-Max but rather A-MPR can be used and transmit up to 23 dBm under certain conditions in the cell where even P-Max of 19 dBm is still being applicable.

· Observation 1: Multiple NS and P-Max capable UEs can have possibility to transmit at higher power such as 23 dBm in the cell where P-Max for non-multiple P-Max capable UEs is below 23 dBm.
· For example, P-Max of 19 dBm for non multiple P-Max UEs,

1. Non multiple P-Max capable terminals’ output power is limited to 19 dBm regardless of the number of allocated RBs and its position even if they support multiple NS.
2. Multiple NS and P-Max capable terminals’ can transmit higher power than 19 dBm under certain conditions such as the number of RBs and its position.
From the observation 1, we can assume the following specific advantages.

Robust coverage
The cell may not be always ideal. Specifically, in the vicinity of the edge of the cell, the area would be easily affected by various conditions such as shielding by the buildings, fading and so on. Thus, if the UE can transmit at even higher power up to 23 dBm than that limited by P-Max of 19 dBm, it would help to make the coverage more robust.
· Observation 2: The cell coverage for multiple NS and P-Max capable UEs would become robust specifically in the vicinity of the edge of the cell.
Cell peak throughput
The 2nd advantage is increasing the possibility for UEs to experience higher peak throughput. There are cases that UEs whose output power reached the maximum limited by the existing P-Max of 19 dBm but network has still capacity to allocate more RBs to them. In these cases, the non-multiple P-Max capable UE cannot increase the peak. On the other hand, the multiple NS and multiple P-Max capable UEs can have possibility to transmit the signals with wider RBs. With this, in the end, this would lead to increase the cell capacity.

· Observation 3: The possibility for multiple NS and P-Max capable UEs to transmit with wider spectrum increases than those for non-multiple P-Max capable UEs.
Robust mobility
According to the study of LTE mobility performance, measurement report transmission failure seemed to be the bottleneck [4, 5]. Even though the coverage is designed for 19 dBm of P-Max, the cell boundary is not ideal as explained for the robust coverage aspect. Since the UL transmission (i.e., measurement report) is the bottleneck, multiple P-Max can also address the bottleneck case and help to improve the successful Handover rate.
· Observation 4: Multiple P-Max together with multiple NS would help the UE to transmit a measurement report successfully resulting in improving the successful handover rate.
2.4. Summary
The Table 2.4-1 summarizes the obtained three Observations in the previous Sections. From the Table we can obtain the following conclusion. 

· Conclusion: The introduction of multiple P-Max is effective and meaningful.
Table 2.4-1: Advantage of the multiple P-Max under the current P-Max available network
	Multiple    NS
	Multiple        P-Max
	Maximum output power
	Coverage
	Cell peak throughput
	Mobility

	No
	No
	Reference

(Up to a certain P-Max,)
	Reference

(Limited by a certain P-Max)
	Reference

(Limited to around the center of the cell)
	Reference

(Limited by a certain P-Max)

	Yes
	No
	Same as the above
	Same as the above
	Same as the above
	Same as the above

	Yes
	Yes
	Higher
(The limit depends on A-MPR with a certain NS for respective band)
	More robust 

(specifically in the vicinity of the cell edge)
	Higher       

(peak throughput area becomes also wider)
	More robust
(specifically in the vicinity of the cell edge)


3. Conclusion
In this contribution, we discussed effectiveness and meaningfulness of the introduction of the multiple P-Max and we obtained the following three observations.
· Observation 1: Multiple NS and P-Max capable UEs can have possibility to transmit at higher power such as 23 dBm in the cell where P-Max for non-multiple P-Max capable UEs is below 23 dBm.
· Observation 2: The cell coverage for multiple NS and P-Max capable UEs would become robust specifically in the vicinity of the edge of the cell.
· Observation 3: The possibility for multiple NS and P-Max capable UEs to transmit with wider spectrum increases than those for non-multiple P-Max capable UEs.
· Observation 4: Multiple P-Max together with multiple NS would help the UE to transmit a measurement report successfully resulting in improving the successful handover rate.
Based on the above Observations, we propose the following.
· Proposal: Multiple P-Max should be introduced.
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