


[bookmark: _GoBack]3GPP TSG RAN WG 4 Meeting #88	R4-1810866
Gothenburg, Sweden, 20 – 24 August 2018
Source:		Rohde & Schwarz
Title:	Discussion on occupied bandwidth requirements
Agenda Item:		7.6.11.6
Document for:	Approval
Introduction
In RAN5 the discussion on measurement uncertainties for FR1 and FR2 is ongoing. When trying to analyse the values for occupied bandwidth, some issues with the test procedure and the definition of the requirements have been identified.
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 General
The requirements for occupied bandwidth in clause 6.5.1 of 38.101-1 [1] are defined as follows:
Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth specified in Table 6.5.1-1.
Table 6.5.1-1: Occupied channel bandwidth
	
	
	Occupied channel bandwidth / NR Channel bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	Channel bandwidth (MHz)
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100



RAN5 then has derived a test case for these requirements and specified a test procedure in clause 6.5.1 of 38.521-1 [2] as follows:
2.	Send continuously power control “up” commands to the UE until the UE transmits at PUMAX level. Allow at least 200ms for the UE to reach PUMAX level.
3.	Measure the power spectrum distribution within two times or more range over the requirement for Occupied Bandwith specification centring on the current carrier frequency. The characteristics of the filter shall be approximately gaussina (typical spectrum analyser filter). Other methods to measure the power spectrum distribution are allowed. The measuring duration is one active uplink subframe.
4.	Calculate the total power within the range of all frequencies measured in step 3 and save this value as “Total power”.
5.	Sum up the power upward from the lower boundary of the measured frequency range in step 3 and seek the limit frequency point by which this sum becomes 0.5% of “Total power” and save this point as “Lower Frequency”.
6.	Sum up the power downward from the upper boundary of the measured frequency range in step 3 and seek the limit frequency point by which this sum becomes 0.5% of “Total power” and save this point as “Upper Frequency”.
7.	Calculate the difference “Upper Frequency” – “Lower Frequency” = “Occupied Bandwidth” between the two limit frequencies obtained in step 5 and step 6.
Both the requirement definition and the TC procedure follow the LTE specification up until now, but this might be problematic for higher bandwidths than 20 MHz.
 Simulation results
In our analysis we assumed a UE that provides 23 dBm output power inside the channel bandwidth with a constant PSD. For the out-of-band emission the assumption was made that the UE fulfills the SEM for each bandwidth, so those limits were taken to simulate the UEs emissions in the worst case. Those values were then used in Matlab and the RAN5 test procedure was applied to measure the Occupied bandwidth in multiple cases.
As can be seen from figure 1, for a 20 MHz signal as was the worst case for LTE the requirements and the test procedure work quite well resulting in a theoretical OBW of 19.8 MHz, fitting the requirement of 20 MHz OBW.

Figure 1 Occupied Channel Bandwidth for 20 MHz
For 5G FR1, however, the maximum bandwidth increases to 100 MHz. Applying the same assumptions and test procedure results in an OBW of 159.2 MHz. This vastly exceeds the requirement of 100 MHz OBW, even though this simulated device would pass requirements like output power and SEM. The simulation results are shown in figure 2 below.
[image: C:\Users\petrov_n\Desktop\Matlab Occupied Bandwidth\OBW_5G_100MHz.png]
Figure 2 Occupied Channel Bandwidth for 100 MHz
Observation 1: A 5G UE that passes output power and SEM tests may unfairly fail the occupied bandwidth test.
The main reason for this behavior seems to come from the test procedure where it is currently measured from the outside towards the channel and stopped on each side when 0.5% of the total power is reached. This value largely depends on the bandwidth over which the OBW is measured. Since in RAN5 this is currently defined as at least twice the channel bandwidth this will lead to large errors when increasing the channel bandwidth.
Observation 2: The failure of OBW for 5G seems to be largely related to the measured frequency range.
For UEs having much lower emissions in the SEM region the effect will be smaller or the occupied bandwidth may even match the requirements. This will depend on the performance of the individual UE.
 Open questions
From this issue several points with regards to the requirements and subsequently how to measure these requirements need to be discussed.
The requirements currently states:
 “ Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel”.
It seems it is not clear what is meant by “transmitted spectrum on the assigned channel”. From the test procedure it seems RAN5 is interpreting this in a way that there is a need to measure a certain frequency range outside the channel bandwidth to conclude that 99% of the power is inside the channel.
As shown above the pass/fail decision on the TC will then largely depend on what is seen as this “transmitted spectrum”.
Observation 3: From the TC definition it seems to be unclear, what is the correct interpretation of the UE requirement.
Therefore the requirement should be clarified whether this effect is intended that a conformant UE with regards to the SEM fails the occupied bandwidth test. If no, the OBW requirement needs to be defined more precisely with regards to the frequency range that needs to be taken into account when testing the occupied bandwidth requirement.
Proposal: RAN4 reviews the occupied bandwidth requirements and further clarifies the frequency ranges that need to be taken into account.
Summary
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we reviewed the occupied bandwidth requirement for UEs and come to the conclusion that a UE may unfairly fail the TC corresponding to the requirement. Therefor RAN4 should discuss whether the requirement needs to be redefined or further clarifications are needed.
Observation 1: A 5G UE that passes output power and SEM tests may unfairly fail the occupied bandwidth test.
Observation 2: The failure of the OBW for 5G seems to be largely related to the measured frequency range.
Observation 3: From the TC definition it seems to be unclear, what is the correct interpretation of the UE requirement.
Proposal: RAN4 reviews the occupied bandwidth requirements and further clarifies the frequency ranges that need to be taken into account.
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