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Introduction
As part of the NR RF Requirement Enhancements for FR2 work item, RAN4 was tasked to study the feasibility of defining a spherical coverage requirement for PC3 with a lower percentile point than the currently defined 50%-tile [1].

From WID objective [1]:
· This work item will also study if FR2 UE spherical coverage requirements for PC3 for >20%-tile can be defined. [RAN4]


While discussions started by addressing this lower percentile point [2], they quickly evolved to focus on how general improvements for PC3 spherical coverage requirements could be achieved [3-4]. In the last RAN4 meeting, the potential enhancement options were captured along with an alt approach of introducing a new power class [5]:
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In this paper we discuss the potential enhancement options being considered for PC3 spherical coverage.

Discussion
The original objective of the work item was to assess whether a percentile point greater than 20% could be defined and introduced to PC3 spherical coverage requirements. However, as discussions progressed, the focus shifted to a more general study of how to improve the current Rel-15 spherical coverage requirements of PC3. Lastly, three main approaches to enhance PC3 spherical coverage were captured in [5], and are found below:
· Enhance the spherical coverage requirement by either introducing a new lower %-tile point or increasing the current 50%-tile EIRP level
· Introduce a new power class
· Other options not precluded

In the upcoming sections we will go over each approach.

Methods to enable spherical coverage enhancement
Directly enhancing spherical coverage requirement
The first approach is to enhance the currently defined spherical coverage requirements of PC3. This implies either introducing a new lower percentile point, or increasing the EIRP level of the currently defined 50%-tile point. 

A. Introduce a lower percentile point
Introducing a new percentile point for PC3 may prove difficult as there was no consensus on whether defining a new lower percentile value is necessary and the fact that an agreement on the specific EIRP level of the new percentile point is also needed. A better alignment would be to stick to a single percentile point per power class, given the concerns raised in [6] and the observation that one point is sufficient in [7]. As pointed out in [6], each of the four power classes in FR2 has a singular and distinct percentile point. This means that the percentile point can be used to differentiate the power classes. Given this and that there are other options available, it is best to choose another approach.
The spherical coverage depends on multiple factors including number of antenna panels and the device form-factor/geometry. Introducing a lower percentile point may force vendors to support a larger number of panels that may require larger form factors. 

Observation 1: Keeping a singular percentile point for each power class is sufficient and preferred.

Proposal 1: Each FR2 power class will have a single percentile point. This can be considered the default or baseline assumption.

From the above discussion we conclude that focus should be placed on a single percentile point, and the most straightforward solution is to keep the existing 50%-tile point.

B. Increase the Rel-15 EIRP level of 50%-tile point
This enhancement proposes the currently defined EIRP level of the 50%-tile point can be increased by X dB. This is a reasonable approach as it focuses on a single percentile point. However, it is worth noting that it may be challenging for companies to agree on the tightening value. This will likely require aligning on packaging and form factor parameters once again. Given that the form factor is still handheld, we expect the majority of the packaging and environment properties and constraints will remain the same. This means that unless a significant design or packaging change has been made, the results will not be significantly different from those in Rel-15. 

Observation 2: Increasing the current EIRP level of the 50%-tile point can a reasonable enhancement, but it may take time to reach an agreement on the tightening value.

Introduce a new power class
Because of the issues involved with modifying PC3 requirements [2], introducing a new power class was proposed as an alternative method to enable spherical coverage enhancement in Rel-16 [8]. The new power class is depicted as an enhanced handheld UE, somewhere in between PC3 and PC4. Technically speaking, the power class framework allows a new power class to be introduced if one of the four power class parameters is different. This means that if no other approach proves effective in enabling enhancements for PC3 spherical coverage, it is worth considering introducing a new power class. However, there does need to be strong justification and enough data supporting the enhancement will indeed be achievable by a handheld form factor. Otherwise, the purpose is defeated.
 
Observation 3: Introducing a new power class for an enhanced handheld UE needs to be supported by sufficient data to indicate the enhancements are achievable with the constraints of the form factor.  

Other options
A. Removing multi-band relaxations
This approach proposes to completely eliminate multi-band relaxations in Rel-16 [7]. This means there will only be a single set of requirements that apply to both single-band supporting devices and multi-band supporting devices. Furthermore, there are many implications with this proposal. We list some of these below:
· Removing multi-band relaxations will impact both peak and spherical coverage requirements. Scope of work item is limited to spherical coverage.
· Removing multi-band relaxations will impact how we approach all power class discussions. 
· Currently, this means band n259 discussions will be affected. 
· Future power class requirement discussions of new FR2 bands will have to base the analysis on a multi-band scenario
· With companies supporting different bands depending on the geographical region, there is a higher risk of having a broader range of results, which ultimately make reaching a consensus harder.

Besides having heavier impact on specifications, for this approach we must ensure there is data to support the effective enhancement of removing the relaxations in both peak EIRP and spherical coverage requirements is met, in all 11 band combinations found in the UE multi-band relaxation factors table [11]. This assessment alone is more involved than any of the previously discussed alternatives.

Observation 4: The significantly greater impact removing multi-band relaxations will have beyond the spherical coverage requirements of PC3, make this a more complicated option.

Proposal 2: Do not remove multi-band relaxations in Rel-16.
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Conclusions
In this paper we discussed potential enhancements for PC3 spherical coverage. The following observations and proposals were made:

Observation 1: Keeping a singular percentile point for each power class is sufficient and preferred.

Proposal 1: Each FR2 power class will have a single percentile point. This can be considered the default or baseline assumption.

Observation 2: Increasing the current EIRP level of the 50%-tile point can be a reasonable enhancement, but it may take time to reach an agreement on the tightening value.

Observation 3: Introducing a new power class for an enhanced handheld UE needs to be supported by sufficient data to indicate the enhancements are achievable with the constraints of the form factor.

Observation 4: The significantly greater impact removing multi-band relaxations will have beyond the spherical coverage requirements of PC3, make this a more complicated option.

Proposal 2: Do not remove multi-band relaxations in Rel-16.
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* Companies are encouraged to provide their feasibility studies in RAN4#94 for
handheld UE

* Possible enhancement 1: add a different %-tile for EIRP spherical coverage value, i.e., 11.5dBm
for n257, n261, n258, and 8dBm for n260 or other lower EIRP spherical coverage value

* Possible enhancement 2: increase current 50%-tile EIRP spherical coverage value by Y dB
* Bands for feasible studies can be prioritized as n257, n261, n260, n258

* If needed, provide parameters related to UE form factor assumption to achieve enhancement of spherical
coverage requirement

* RAN4#94 should decides to take the below options:

 Alt1: Enhance spherical coverage requirements
+ Optionl: Enhance %-tile for EIRP spherical coverage value[2][3][5]
* Option2: Enhance dBm value for 50%-tile of EIRP spherical coverage value[6]

* Alt2: Introduce the new power class for handheld UE[4]
* Other options are not precluded

* Evaluation of feasible studies will be captured in TR 38.831 in RAN4#94.




image10.png
* Companies are encouraged to provide their feasibility studies in RAN4#94 for
handheld UE

* Possible enhancement 1: add a different %-tile for EIRP spherical coverage value, i.e., 11.5dBm
for n257, n261, n258, and 8dBm for n260 or other lower EIRP spherical coverage value

* Possible enhancement 2: increase current 50%-tile EIRP spherical coverage value by Y dB
* Bands for feasible studies can be prioritized as n257, n261, n260, n258

* If needed, provide parameters related to UE form factor assumption to achieve enhancement of spherical
coverage requirement

* RAN4#94 should decides to take the below options:

 Alt1: Enhance spherical coverage requirements
+ Optionl: Enhance %-tile for EIRP spherical coverage value[2][3][5]
* Option2: Enhance dBm value for 50%-tile of EIRP spherical coverage value[6]

* Alt2: Introduce the new power class for handheld UE[4]
* Other options are not precluded

* Evaluation of feasible studies will be captured in TR 38.831 in RAN4#94.




