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1. Introduction
RAN2 has been working on a new mechanism of handling multiple NS/P-Max in accordance with RAN4 inputs [1, 2]. At RAN2 #91, the following working assumptions were made.
	Working Assumption

1. The network may indicate multiple pairs of additionalSpectrumEmission and P-max in SIB2. The legacy value present in SIB2 is not listed in the new list.
2. Introduce an additional capability bit by which a UE indicates that it understands these additional value pairs in SIB2. Such a UE shall also provide the capability indicating the additional NS values that it supports.
3. Introduce from Rel-10.


In addition, it was briefly discussed on-line and offline whether Pcompensation used for cell selection is affected by this new scheme as captured in the minutes below [3].
-
Nokia Networks points out that during offline discussions it was discovered that Pcompensation is affected. So far Pcompensation is always 0. Therefore, one might only need Pmax when starting to transmit and if so, we don’t need to move Pmax into SIB1. But if Pcompensation is actually used in the future then it becomes more complex than what we agreed to earlier this week. Ericsson thinks that could keep it simple. But then the NW would always have to set the Pmax to the lowest power class value, i.e., not support higher power class UEs in such cells using multiple NS values.
During the offline discussion, it was also questioned whether Pcompensation is also affected by introducing a new UE power class, e.g., high power UEs (+ 26 dBm) [4] or low cost MTC UEs (+ 20 dBm) [5]. This paper attempts to summarise and develop the common understanding of what the potential issue is. This paper also discusses if the issue should be resolved or not.
2. Discussion
2.1. Coverage issue on multiple NS/P-Max
According to the RAN4 reply, additional P-Max values are most likely to be higher than the legacy value in SIB1 [2]. This assumption is based on the target scenario of multiple NS/P-Max; The maximum Tx power of legacy UEs supporting the legacy NS value is restricted by setting P-Max to a lower value than their power class (e.g., + 17 dBm). In contrast, introducing a new NS value could mitigate the restriction of the maximum Tx power, e.g., by restricting the maximum number of resource blocks for exceeding the legacy P-Max value and power reduction is applied if the allocated RBs exceed the maximum, i.e., A-MPR. For UEs supporting the new NS value, the maximum Tx power could be allowed to set to the higher value than the legacy, e.g., the same value as their power class (e.g., + 23 dBm). The higher Tx power can bring some benefits to the UE, e.g., increased throughput, robust coverage and mobility [6].
In this scenario, an operator designed their cell coverage based on the maximum Tx power for the legacy UE, i.e., + 17 dBm. The value of Qrxlevmin was determined taking the restricted maximum Tx power into account. If the feature of multiple NS/P-Max is implemented according to the working assumption #1, it implies that the UE supporting the new NS value with higher P-Max still performs cell selection based on the legacy P-Max and Qrxlevmin obtained from SIB1. With the allowed maximum Tx power, the multiple NS/P-Max capable UE has a potential to camp on a cell even outside the area where the measured RSRP is below Qrxlevmin for the legacy UE, e.g., by the difference of P-Max values (6 dB in the above example). Nevertheless, such the potential of coverage increase cannot be utilised by the current working assumption. The multiple NS/P-Max capable UE experiences the same coverage as the legacy UE as illustrated in Figure 1. The following can be observed.
Observation 1:
Even though the higher maximum Tx power is allowed for the multiple NS/P-Max UE, the coverage for this UE cannot be increased and is as same as that of the legacy UE.
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Figure 1: Coverage issue on UEs supporting multiple NS/P-Max

2.2. Analysis of introducing a new UE power class
When a new UE power class is introduced for a certain frequency band, an operator wants to accommodate both legacy and new power class UEs into their network. To do this, the following two cases can be envisaged.
Case 1. NS value is the same for both legacy and new power classes for a given frequency band.

In this case, when a UE capable of a new power class (e.g., + 26 dBm) is released into operator’s network and there are still legacy UEs supporting the legacy power class (+ 23 dBm), the operator can tune up the value of Qrxlevmin suitable for the higher power class (+ 26 dBm) and set the legacy P-Max to the value of higher power class. By doing this, the current Pcompensation, i.e., max(PEMAX – PPowerClass, 0) (dB), can work properly for the legacy power class UE. This approach is applicable for the case where the legacy power class is lower and the new power class is higher, and vice versa.
Case 2. NS value is different for both legacy and new power classes for a given frequency band.
In this case, a likely scenario would be such that the legacy power class is lower and the new power class is higher. If the higher maximum Tx power is allowed than the legacy value, A-MPR could be specified due to the co-existence to the adjacent system. For this case, the same observation in sub-clause 2.1 can be applied that the coverage increase cannot be expected for the new power class UEs. In contrast, the opposite scenario can be excluded so far since RAN4 answered that additional P-Max values associated with additional NS values are expected to be higher than the value in the legacy [2]. 
From the above analysis, the followings can be observed.
Observation 2:
When a new UE power class is introduced, the existing cell selection scheme can work properly to provide a enough coverage based on the supported power class, as long as the NS value is the same for both legacy and new power classes for a given frequency band.
Observation 3:
If the NS value is different for both legacy and new power classes (and the new power class is higher than the legacy), the coverage of the new power class UE cannot be increased and is as same as that of the legacy UE.
2.3. Potential solutions
If coverage increase should also be achieved by introducing multiple NS/P-Max, the following two approaches can be considered.
Option 1:

An additional Qrxlevmin is broadcast together with the additional NS/P-Max.
Option 2:
Pcompensation is modified to take into account the difference between the legacy P-Max and the additional P-Max.

Table 1 overviews the affected specifications and the required changes for both options. For comparison, the option of working assumption #1, i.e., no support of coverage increase is also included. For both option 1 and 2, an additional NS/P-Max list has to be included in SIB1/3/4 which was assumed at the #90 meeting since it is used for cell (re)selection [7].
Table 1:
Overview of affected specifications and required changes
	Affected specs
	Coverage increase supported
	Coverage increase not supported (WA)

	
	Option 1
	Option 2
	

	TS 36.331
	SIB1
	Additional NS/P-Max list
Additional Qrxlevmin list
	Additional NS/P-Max list
	

	
	SIB2
	
	
	Additional NS/P-Max list

	
	SIB3
	Additional NS/P-Max list
Additional Qrxlevmin list
	Additional NS/P-Max list
	

	
	SIB5
	Additional NS/P-Max list
Additional Qrxlevmin list
	Additional NS/P-Max list
	

	TS 36.304
	Cell selection
	
	Pcompensation change
	


3. Summary and proposal
This paper attempted to summarise the coverage issue due to introducing multiple NS/-PMax. From Observation 1-3 and potential solutions taking into account the specification impacts in Table 1, the followings are proposed.
Proposal 1:
RAN2 is respectfully asked to discuss if it is acceptable for the multiple NS/P-Max capable UEs not to achieve coverage increase even with the higher P-Max value.

Proposal 2:
If coverage increase should also be achieved by introducing multiple NS/P-Max, potential solutions proposed in this paper should also be discussed and decided.
If RAN2 feels difficulty in deciding the necessity of coverage increase, it could be consulted by RAN4.
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