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1.	Introduction
For rel. 16, the intent of the FR2 WID (see annex) is to study if spherical coverage requirements can be specified at a lower percentile point in the spherical coverage CDF of the UE. This item has since morphed into an effort to improve the spherical coverage of the FR2 UE. We however recognize that this change only serves to improve network performance, which we support in principle.
In this contribution we share our view on possible direction for spherical coverage enhancement for rel-16.
2. 	Discussion
The letter of the WID informs that the initial goal chalked out for RAN4 was to merely specify spherical coverage of the PC3 UE at a lower percentile point than the 50th, in the spherical coverage CDF of the UE. Some contributions have proposed also enhancing spherical coverage [1], [2], rather than maintain a narrow focus on the WID directive. We discuss how enhanced spherical coverage could be specified, and identify some avenues to implement enhancement.
2.1	Spherical Coverage Specification
In figure 2.1, we show the antenna gain spherical coverage CDFs of an example UE with multiple antenna arrays. The CDFs are calculated for different cases, corresponding to different number of discrete refined beams available for each antenna array (codebook size).
[image: ]
Figure 2.1-1: Spherical coverage CDF with limitation on refined beam choices
Even with this extreme example, it is evident that there is strong correlation between the spherical coverage CDF values at the 20th and 50th%ile directions, respectively. The relationship is especially consistent for the non-trivial cases (>1 beam). Acknowledging this correlation, we propose:
Observation 1: Spherical coverage specification can be limited to any one point on the CDF curve, rather than multiple points.
2.2	Spherical coverage enhancement
In our studies leading up to rel-15, we simulated a network to investigate sensitivity to spherical coverage on system throughput. Simulation assumptions and parts of these results were shared in [3]. 
The results are included in tables 2.2-1 and 2.2-2. The simulations investigated the effect on UL throughput due to relaxations to EIRP, but for small relaxations, the results can be ‘inverted’ to estimate throughput gains for improvements in EIRP.
[bookmark: _Ref528766700]Table 2.2-1. Average throughput loss for different CDF 50%-tile and peak 
relaxation combinations in UMa scenario with ISD = 200m
	
	
	Average Throughput 
Loss [%]

	
	
	Peak EIRP relaxation

	
	
	0 dB
	1 dB
	2 dB
	3 dB

	50%-tile 
EIRP relaxation
	0 dB
	0%
	1%
	1%
	2%

	
	1 dB
	4%
	4%
	5%
	6%

	
	2 dB
	8%
	8%
	8%
	9%

	
	3 dB
	11%
	12%
	13%
	13%



[bookmark: _Ref528766695]Table 2.2-2. Cell-edge throughput loss for different CDF 50%-tile and peak 
relaxation combinations in UMa scenario with ISD = 200m
	
	
	Cell-edge Throughput 
Loss [%]

	
	
	Peak EIRP relaxation

	
	
	0 dB
	1 dB
	2 dB
	3 dB

	50%-tile 
EIRP relaxation
	0 dB
	0%
	0%
	1%
	3%

	
	1 dB
	13%
	14%
	18%
	17%

	
	2 dB
	27%
	29%
	28%
	32%

	
	3 dB
	38%
	42%
	41%
	42%



In the context of this discussion, the trends are more useful than the actual numbers, and results point to the importance of off-peak EIRP. There is relative insensitivity to increased peak direction performance. For example, for PC3, Peak EIRP improvement is meaningful only if it is also accompanied by a similar increase in the EIRP along the 50th%ile direction.
Observation 2: Meaningful enhancement of a UE’s spherical coverage involves improvement of EIRP in off-peak directions, for example at the 50th%ile point of the spherical coverage CDF curve for PC3.
2.3	Another avenue for enhancement – multi-band relaxations
[bookmark: _GoBack]In rel-15 multi-band relaxations were introduced to accommodate early UE implementations and their design brief to cover multiple bands. Unfortunately, the eventual multi-band agreement turned out to be very complicated to implement and police. It also adds a further dimension to the complexity of introducing a new band. Also, the UE declared relaxations detract from network planning, due to uncertainty in expected UE performance in any band.
One possibility for RAN4 to consider, as part of the spherical coverage enhancement feature, is disbanding multiband relaxations altogether. We hence propose:
Proposal 1: Multi-band relaxations for FR2 UEs to EIRP and EIS requirements shall be removed for rel-16
3.	Conclusion
There is strong correlation between the spherical coverage CDF values at the 20th and 50th%ile directions, respectively.
Observation 1: Spherical coverage specification can be limited to any one point on the CDF curve, rather than multiple points.
Based on previous system studies, we observed stronger dependence on off-peak performance than peak-direction performance.
Observation 2: Meaningful enhancement of a UE’s spherical coverage involves improvement of EIRP in off-peak directions, for example at the 50th%ile point of the spherical coverage CDF curve for PC3.
Finally, we recognize that the multi-band relaxations of rel-15 are complicated, and difficult to verify. A possible avenue to enhance the standard is captured in a proposal:
Proposal 1: Multi-band relaxations for FR2 UEs to EIRP and EIS requirements shall be removed for rel-16
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5.0	Annex
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