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1. Introduction
During the last RAN4 #88bis meeting the agreement in [1] was reached based on purely technical considerations on antenna reciprocity. The agreement reads:

[image: image1]
In the companion contribution [2] we attempted to set guidelines for determining multi-band (MB) EIRP and EIS CDF relaxations. In this contribution, we provide system level simulation details and results to assess the impact of eventual MB relaxations on network UL throughput performance in band n257 in terms of both average and cell-edge throughput. Our analysis shows that network throughput performance is very sensitive to 50%-tile CDF relaxation. 
2. Discussion

In this paper we present simulation results to compare network UL throughput performance for different antenna gains CDFs in different deployment scenarios. The operating band analysed in this contribution is band n257 whose baseline simulation assumptions are defined in [3]. Finally, the metrics we consider are average and cell-edge throughput loss of several antenna configurations compared to a baseline configuration whose CDF will be defined later in Section 2.1. 
The contribution is organized as follows: Section 2.1 lists simulation assumptions and methodology, Section 2.2 shows simulation results for Uma/UMi/InH deployment scenarios, and Section 3 concludes the contribution with a summary of the main observations.
Simulation assumptions and methodology
The main simulation assumptions used for the analysis are listed in the following:
· Network deployment: 
· UMa with ISD = 200m and ISD = 400m

· UMi with ISD = 200m

· InH

· Percentage of indoor UEs for UMa and UMi: 0%
· UE UL frequency resources: 200MHz for all scenarios and 20MHz for power limited scenarios (e.g. UMa with ISD 400m)
· UE power control settings:
· Target SNR: 22dB 
· CLxile: 71.4dB; γ: 1
· UE element antenna pattern: based on electro-magnetic simulations
The methodology used for the simulation follows the usual Monte Carlo method. Different snapshots of the network (in terms of UE distribution) were simulated and at each snapshot the scheduled UEs send UL information to serving gNBs. UEs communicate to their serving gNBs through an antenna pattern that satisfies a specific CDF. Finally, results obtained with different gains CDFs are compared to the baseline CDF in terms of average and cell-edge throughput.  

Figure 1 shows a plot of the used CDFs. The black curve represents the baseline CDF whereas the dashed curves represent the simulated CDFs with 1 to 3dB 50%-tile relaxation.
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Figure 1. Antenna gains CDF for different 50%-tile relaxation
Simulation results
This section provides details of the simulation results for the analyzed deployment scenarios UMa, UMi and InH. The metrics considered to assess the impact of MB CDF relaxation on network performance are the average and cell-edge throughput. Outage will be analyzed only for the power limited scenario of UMa with 400m ISD. The throughput percentage loss of one antenna configuration compared to the baseline is detailed in the tables below. Network throughput performance drastically degrades for any 50%-tile CDF relaxation.
UMa: ISD 200m

Table 1 and Table 2 show the average and cell-edge throughput loss, respectively, for different values of 50%-tile CDF relaxations (as shown graphically in Figure 1), for UMa scenario with ISD of 200m. Notice that the average throughput loss goes up to 11% for 3dB 50%-tile relaxation while for cell-edge UEs the throughput loss reaches 38%.
Table 1. Average throughput loss for different CDF 50%-tile 
relaxations in UMa scenario with ISD = 200m
	Average Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	4%
	8%
	11%


Table 2. Cell-edge throughput loss for different CDF 50%-tile 
relaxations in UMa scenario with ISD = 200m
	Cell-edge Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	13%
	27%
	38%


Observation 1: In UMa deployment scenario with ISD of 200m the cell-edge throughput loss goes up to 38% for 3dB 50%-tile EIRP relaxation 

Observation 2: In UMa deployment scenario with ISD of 200m the average throughput loss goes up to 11% for 3dB 50%-tile EIRP relaxation
UMa: ISD 400m

Table 3 and Table 4 show the average and cell-edge throughput loss, respectively, for different values of 50%-tile EIRP CDF relaxations (as shown graphically in Figure 1), for UMa scenario with ISD of 400m. Notice that the average throughput loss goes up to 19% for 3dB 50%-tile EIRP relaxation. Throughput loss for cell-edge UEs is instead N.A. for all entries since such UEs (defined as the 5% of UEs with lowest throughput) are all in outage. For this reason, it makes sense in this scenario to analyze also the outage percentage degradation which is reported in Table 5. 

Table 3. Average throughput loss for different CDF 50%-tile
relaxations in UMa scenario with ISD = 400m
	Average Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	8%
	14%
	19%


Table 4. Cell-edge throughput loss for different CDF 50%-tile
relaxations in UMa scenario with ISD = 400m
	Cell-edge Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	N.A.
	N.A.
	N.A.
	N.A.


Table 5. Outage percentage for different CDF 50%-tile
relaxations in UMa scenario with ISD = 400m
	Outage [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	12%
	14%
	17%
	19%


It can be argued that, for a deployment scenario with ISD 400m, UL bandwidth resource allocation for cell-edge UEs would be lower in order to decrease the amount of thermal noise and improve system performance. At this scope, Table 6 shows cell-edge throughput loss for different 50%-tile CDF relaxations when the UL communication bandwidth is reduced to 20MHz.

Table 6. Cell-edge throughput loss for different CDF 50%-tile
relaxations in UMa scenario with ISD = 400m 
and BW = 20MHz

	Cell-edge Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	23%
	37%
	52%


Observation 3: In UMa deployment scenario with ISD of 400m the throughput loss for cell-edge UEs goes up to 52% for 3dB 50%-tile EIRP relaxation when UL transmission bandwidth is 20MHz
Observation 4: In UMa deployment scenario with ISD of 400m the average throughput loss goes up to 19% for 3dB 50%-tile EIRP relaxation when UL transmission bandwidth is 200MHz

Observation 5: In UMa deployment scenario with ISD of 400m the outage percentage worsens by 7% when 50%-tile EIRP CDF is relaxed by 3dB
UMi
Table 7 and Table 8 show the average and cell-edge throughput loss, respectively, for different values of 50%-tile EIRP CDF relaxation (as shown graphically in Figure 1), for UMi scenario. Notice that the average throughput loss goes up to 6% for 3dB 50%-tile EIRP relaxation. Throughput loss for cell-edge UEs reaches instead 25% when 50%-tile is relaxed by 3dB.
Table 7. Average throughput loss for different CDF 50%-tile
relaxations in UMi scenario

	Average Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	2%
	4%
	6%


Table 8. Cell-edge throughput loss for different CDF 50%-tile and peak 
relaxation combinations in UMi scenario

	Cell-edge Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	9%
	16%
	25%


Observation 6: In UMi deployment scenario the throughput loss for cell-edge UEs goes up to 25% for 3dB 50%-tile EIRP relaxation
Observation 7: In UMi deployment scenario the average throughput loss goes up to 6% for 3dB 50%-tile EIRP relaxation
InH

Table 9 and Table 10 show the average and cell-edge throughput loss, respectively, for different values of 50%-tile EIRP CDF relaxation (as shown graphically in Figure 1), for InH scenario. Notice that the average throughput loss goes up to 3% for 3dB 50%-tile EIRP relaxation. Throughput loss for cell-edge UEs reaches instead 14% when 50%-tile is relaxed by 3dB.
Table 9. Average throughput loss for different CDF 50%-tile
relaxations in InH scenario

	Average Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	1%
	2%
	3%


Table 10. Cell-edge throughput loss for different CDF 50%-tile
relaxations in InH scenario

	Cell-edge Throughput 
Loss compared to baseline [%]

	50%-tile EIRP relaxation

	0 dB
	1 dB
	2 dB
	3 dB

	0%
	4%
	8%
	14%


Observation 8: In InH deployment scenario the throughput loss for cell-edge UEs goes up to 14% for 3dB 50%-tile EIRP relaxation
Observation 9: In InH deployment scenario the average throughput loss goes up to 3% for 3dB 50%-tile EIRP relaxation
3. Conclusion
Based on the outcome of the analysis, we made the following observations:
Observation 1: In UMa deployment scenario with ISD of 200m the cell-edge throughput loss goes up to 38% for 3dB 50%-tile EIRP relaxation 

Observation 2: In UMa deployment scenario with ISD of 200m the average throughput loss goes up to 11% for 3dB 50%-tile EIRP relaxation
Observation 3: In UMa deployment scenario with ISD of 400m the throughput loss for cell-edge UEs goes up to 52% for 3dB 50%-tile EIRP relaxation when UL transmission bandwidth is 20MHz

Observation 4: In UMa deployment scenario with ISD of 400m the average throughput loss goes up to 19% for 3dB 50%-tile EIRP relaxation when UL transmission bandwidth is 200MHz

Observation 5: In UMa deployment scenario with ISD of 400m the outage percentage worsens by 7% when 50%-tile EIRP CDF is relaxed by 3dB

Observation 6: In UMi deployment scenario the throughput loss for cell-edge UEs goes up to 25% for 3dB 50%-tile EIRP relaxation
Observation 7: In UMi deployment scenario the average throughput loss goes up to 6% for 3dB 50%-tile EIRP relaxation
Observation 8: In InH deployment scenario the throughput loss for cell-edge UEs goes up to 14% for 3dB 50%-tile EIRP relaxation
Observation 9: In InH deployment scenario the average throughput loss goes up to 3% for 3dB 50%-tile EIRP relaxation
From a system level perspective, it is highly recommended to avoid any relaxation of the CDF 50%-tile as proposed in the accompanying contribution [2].
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Same relaxations for peak EIRP & peak EIS and same relaxations for 50%-tile CDF EIRP and 50%-tile CCDF EIS are defined
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