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Introduction
During previous RAN4-NR#3 adhoc meeting, assignment of the TS 38.104 sub-clauses for the specification drafting purposes was discussed. Based on the assignment, TPs to the draft TS 38.104 were expected for RAN4#84bis meeting. Among the expected TPs to the TS 38.104, there were TPs on the NR BS output power dynamics (both conducted and OTA). 
It was observed, that the NR BS output power dynamics was not discussed in RAN4 so far. 
In this contribution we are proving initial discussion on the NR BS output power dynamics requirement, based on the analysis of the AAS BS finding for the conducted and OTA requirements.
Discussion
Background
There was a number of RAT-specific output power dynamics requirements defined for the BS output power dynamics in UTRA and E-UTRA:
1. UTRA FDD output power dynamics requirements:
· UTRA inner loop power control in the downlink
· Power control dynamic range
· Total power dynamic range
· UTRA FDD IPDL time mask
2. E-UTRA output power dynamics requirements:
· RE Power control dynamic range
· Total power dynamic range
The motivation behind the output power dynamics requirements was to maintain the TX signal quality requirement, within the output power dynamics requirements. Therefore it can be observed, that the EVM requirement needs to be settled before concluding on the output power dynamics requirement. 
Observation 1: the EVM requirement needs to be settled before concluding on the output power dynamics requirement.



Conducted requirement
First, we need to decide on the conducted requirements for the BS output power dynamics. The starting point could be the E‑UTRA BS requirements: 
1.1.1 RE Power control dynamic range
The E-UTRA BS Resource Element power control dynamic range is defined as follows: 
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE 1: 	The output power per carrier shall always be less or equal to the maximum output power of the base station.



This requirement is specified per modulation scheme and tested together with the EVM. 
Observation 2: set of the modulation schemes needs to be fix for the definition of the Resource Element power control dynamic range.
Observation 3: for the testing purposes, it would be tested per antenna connector/TAB connector, together with the EVM requirement.
It shall be noted that the EVM requirements for NR are still under discussion and the simulation assumptions were discussed last meeting. 
1.1.2 Total power dynamic range
The E-UTRA total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. The upper limit of the dynamic range is the OFDM symbol power for a BS at maximum output power. The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted. For the E-UTRA requirement, the OFDM symbol shall carry PDSCH and not contain RS, PBCH or synchronisation signals.
The DL total power dynamic range for each E-UTRA carriers is specified as: 
Table 6.3.2.1-1 E-UTRA BS total power dynamic range
	E-UTRA
channel bandwidth (MHz)
	Total power dynamic range (dB)

	1.4
	7.7

	3
	11.7

	5
	13.9

	10
	16.9

	15
	18.7

	20
	20



This requirement is tested together with the EVM. 
In case of NR, set of channel bandwidths needs to be fixed for the Total power dynamic range (considering the discussion on the additional channel bandwidths for the NR BS). 
Observation 4: set of channel bandwidths needs to be fixed for the Total power dynamic range.
OTA requirement, FR1
There was a number of RAT-specific output power dynamics requirements defined for AAS BS in TS 37.105:
3. UTRA FDD output power dynamics requirements:
· UTRA inner loop power control in the downlink: Inner loop power control in the downlink is the ability of the AAS BS to adjust the transmitted output power of a code channel in accordance with the corresponding TPC commands received in the uplink.
· Power control dynamic range: The power control dynamic range is the difference between the maximum and the minimum code domain power of a code channel for a specified reference condition
· Total power dynamic range: Total power dynamic range is the difference between the maximum and the minimum output power for a specified reference condition. The minimum power condition is modelled by using TM4 test model with fractional power allocation condition, while the maximum power condition is for the case of full power allocation specified by TM1.
· UTRA FDD IPDL time mask: To support IPDL location method in UTRA FDD operation, the AAS BS shall interrupt all transmitted signals in the downlink (i.e. common and dedicated channels). The IPDL time mask specifies the limits of the TAB connector output power during these idle periods.
4. E-UTRA output power dynamics requirements:
· RE Power control dynamic range: The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (PRated,c,TABC) for a specified reference condition.
· Total power dynamic range: Total power dynamic range is the difference between the maximum and the minimum output power for a specified reference condition. The minimum power condition is modeled by using E-TM2/2a test model with only one RB allocation, while the maximum power condition is for the case of all RB’s allocation (as per considered E-UTRA channel bandwidth) specified by E-TM3.1/3.1a.
Referring to the TS 37.843, it was captured that all the above output power dynamics requirements were considered to be relative between two measured power levels, and any variation due to beam steering or beam shaping OTA will be the same for both measured power values, leading to the conclusion on the directional requirement, applicable on the beam peak directions associated with the beam direction pairs.
For the testing purposes those were applied per TAB connector of the AAS BS and were differential between 2 measured powers. Hence it is only necessary to show conformance of the OTA output power dynamics requirements in a single direction, i.e. the reference steering direction for the narrowest (i.e. highest EIRP) beam, at maximum transmit power during test.
Observation 5: based on the decision on the conducted requirements for the NR BS output power dynamics, the AAS principles of translating them into OTA requirements for FR1 can be used, i.e. directional requirements.
OTA requirement, FR2
Referring to the definitions of the RE Power control dynamic range and the Total power dynamic range requirements above, they are defined based on the average and maximum, and between the minimum (single RB) and maximum (full channel BS) power allocations, respectively. In case of mmW bands, setting the requirement with the reference to the single RB is questionable, as very wide channel BWs are expected and the allocation of the physical resources to the UE are expected to be much higher than single RB. Therefore the motivation and rationale of the Total power dynamic range requirements shall be revisited for FR2. 
Before concluding, it would be preferable to first settle the decision on the FR1 requirements for the BS output power dynamics, as well as the basic decisions on the modulation schemes and the channel bandwidths (as in conducted section above). 
Observation 6: the motivation of the Total power dynamic range requirements shall be revisited for FR2. 
Observation 7:  it would be preferable to first settle the decision on the FR1 requirements for the BS output power dynamics, as well as the basic decisions on the modulation schemes and the channel bandwidths.
Observation 8: For the OTA aspects of the potential requirements, it seems to be reasonable to follow the AAS findings, e.g. definition of the requirements for the reference direction only. 
AAS timeline
Referring to the AAS requirements timeline for the specification of the OTA requirements, in can be seen in the table below (only Tx requirements listed), that the Output power dynamics requirements were not included in the set of the OTA prioritized requirements (which are already completed for AAS BS, green highlight below). Still, the OTA output power dynamics requirement for AAS is expected to be completed before end of this year. This means that the work on the NR requirement would need to continue in parallel to the AAS BS discussions before the end of the year.

	Package
	Sub-clauses
	Author
	 
	NR priority item in WID
	Target complete date
	File

	
	
	
	
	
	Technical solution
	Draft TS text
	CR agreed
	 

	General sections
	01-May
	Huawei
	 
	 
	 
	 
	Dec-17
	R4-1708391

	Radiated transmitter characteristics
	 

	Tx output power
	9.2, 9.3
	Huawei
	Radiated transmit power (as per REL13)
	already completed
	x
	x
	R4-1708392

	
	
	
	OTA Base Station output power (accuracy)
	yes
	May-17
	Aug-17
	Dec-17
	

	
	
	
	OTA control channel power requirements
	 
	Oct-17
	Dec-17
	Dec-17
	 

	Transmit power dynamics
	9.4
	Huawei
	Output power dynamics
	 
	Oct-17
	Dec-17
	Dec-17
	 

	ON/OFF power
	9.5
	CATT
	Transmit ON/OFF power
	 
	Oct-17
	Dec-17
	Dec-17
	 

	Transmit signal quality
	9.6
	NEC
	Frequency Error
	yes
	May-17
	Aug-17
	Dec-17
	R4-1708325

	
	
	
	Time alignment error
	 
	May-17
	Oct-17
	Dec-17
	

	
	
	
	Modulation quality (EVM)
	 
	May-17
	Oct-17
	Dec-17
	

	
	
	
	Transmit pulse shape filter
	 
	May-17
	Aug-17
	Dec-17
	

	 
	 
	 
	Unwanted Emissions
	 
	 
	 
	 
	 

	Occupied BW and ACLR
	9.7.2, 9.7.3
	Nokia
	Occupied bandwidth
	yes
	May-17
	Aug-17
	Dec-17
	R4-1708495

	
	
	
	Adjacent Channel Leakage power Ratio
	yes
	May-17
	Aug-17
	Dec-17
	

	In-band UEM
	9.7.1, 9.7.4, 9.7.5
	Ericsson
	Spectrum emission mask
	yes
	May-17
	Aug-17
	Dec-17
	R4-1707731

	
	
	
	Operating band unwanted emission
	yes
	May-17
	Aug-17
	Dec-17
	

	Out of band spurious emissions (Tx and Rx)
	9.7.6, 10.7
	Huawei
	Spurious emission (general)
	yes
	May-17
	Aug-17
	Dec-17
	R4-1708393

	
	
	
	Co-location
	 
	Aug-17
	Oct-17
	Dec-17
	

	
	
	
	co-existence (same geographical area)
	 
	Aug-17
	Oct-17
	Dec-17
	

	Tx IMD
	9.8
	Ericsson
	Transmitter intermodulation
	yes
	Aug-17
	Aug-17
	Dec-17
	R4-1708096



Observation 9: consider the AAS timeline and clarify the priority of the BS output power dynamics requirements for Rel-15/16.
Conclusion
Based on the above discussion, the following observations were made, as the trigger for the initial RAN4 discussion on the potential BS output power dynamics requirements: 
Observation 1: the EVM requirement needs to be settled before concluding on the output power dynamics requirement.
Observation 2: set of the modulation schemes needs to be fix for the definition of the Resource Element power control dynamic range.
Observation 3: for the testing purposes, it would be tested per antenna connector/TAB connector, together with the EVM requirement.
Observation 4: set of channel bandwidths needs to be fixed for the Total power dynamic range.
Observation 5: based on the decision on the conducted requirements for the NR BS output power dynamics, the AAS principles of translating them into OTA requirements for FR1 can be used, i.e. directional requirements.
Observation 6: the motivation of the Total power dynamic range requirements shall be revisited for FR2. 
Observation 7:  it would be preferable to first settle the decision on the FR1 requirements for the BS output power dynamics, as well as the basic decisions on the modulation schemes and the channel bandwidths.
Observation 8: For the OTA aspects of the potential requirements, it seems to be reasonable to follow the AAS findings, e.g. definition of the requirements for the reference direction only. 
Observation 9: consider the AAS timeline and clarify the priority of the BS output power dynamics requirements for Rel-15/16.
