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Introduction
In this paper we provide our input on the BS RF requirements for 5G broadcast, which have been discussed the previous meetings.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
In the last meeting, the UE RF requirements for 5G broadcast have been discussed and a WF has been achieved in [1].
As part of the WF [1] the following has been agreed with respect to the unwanted emissions:
[bookmark: _Toc117849229]Issue 1-1-2: Operating band unwanted emissions
· Proposals
· Option 1: More studies needed, conclude how to capture all applicable emission masks in an aligned and comparable manner
· Option 2: Other
· Agreement: 
· RAN4 recommends to have a new TR for this WI to capture the collected regulatory information (reference approach as baseline) and necessary analysis on introducing RAN4 requirements
The emission requirements are currently extensively described in existing regulatory requirements as outlined below.
According to ETSI EN 302 296 V2.2.1 Digital Terrestrial TV Transmitters; Harmonised Standard for access to radio spectrum the minimum, the Out-of-band emissions are defined and detailed in the section 4.2.3 depending on the transmitter power class (H=High Power, L =Low Power) and the transmitter emission classification (0=Non-critical mask, 1=Critical mask, 2=Non-critical ACLR, 3=Critical ACLR). Besides, conformance tests are outlined in the section 5 of the ETSI EN 302 296 V2.2.1 [2].
For the 6 MHz case, FCC title 47 chapter 73.622 (h) defines the following: In the first 500 kHz from the channel edge the emissions must be attenuated no less than 47 dB. More than 6 MHz from the channel edge, emissions must be attenuated no less than 110 dB. At any frequency between 0.5 and 6 MHz from the channel edge, emissions must be attenuated no less than the value determined by the following formula: Attenuation in dB = −11.5(Δf + 3.6);
Observation 1: Emission requirements are already captured in existing regulatory requirements.
With respect to output power the following has been captured in the WF [1]:
Issue 1-2-1: Output power dynamics
· Proposals
· Option 1: N/A (see more details in R4-2219372)
· Option 2: Total power dynamic range to be defined for new channel bandwidths
· Option 3: Other
· Agreement: FFS whether “Output power dynamics requirements” needed or not. Companies to provide further information on 5G broadcast service (if there is only one data stream in a channel that occupy a whole bandwidth and if data stream by 5G broadcast is static)
Based on the well-established DTT network deployment expertise and the various 5G Broadcast field trials during the recent years, output power dynamics is not a subject on interest in the broadcasting ecosystem for now. Hence, we support Option 1. 
Proposal 1: RAN4 agrees on Option 1 with respect to output power dynamics.
Issue 1-2-2: Transmitted signal quality
· Proposals
· Option 1: At least EVM window length to be addressed for new channel bandwidths and relevant sub-carrier spacings (Annex E in 36.104), agree which modulation order to be supported
· Option 2: Other
· Agreement: 
· At least EVM window length to be addressed for new channel bandwidths and relevant sub-carrier spacings (Annex E in 36.104)
· From BS perspective, QPSK, 16QAM and 64QAM modulation orders can be supported
In the broadcasting ecosystem, MER is considered as a reference KPI instead of EVM. Broadcast Network operators and broadcasters thus define a minimum Modulation Error Ratio (MER) performance limits for transmitters in a network. 
[bookmark: _Hlk127351783]Typical MER values range from 30 dB to 36 dB for modulation schemes ranging from QPSK to 64QAM and other network considerations such as low power secondary network transmitters (e.g. transposers). A reduction in MER increases the required C/N for a given modulation scheme, and consequently reduces the broadcast cell. Further details on the background of MER can be found in ETSI EN 302 296 [2] and ETSI TR 101 290 [3].
Observation 2: In broadcasting MER is specified instead of EVM.
Since 3GGP specifications specify EVM instead of MER, it is necessary to convert one into the other, which is rather simple since MER and EVM are closely related to one another.

The currently specified EVM values in TS 36.104 thus convert as follows:
	Modulation
	EVM (as per 36.104) [%]
	MER [dB]

	QPSK
	17.5
	15.14

	16QAM
	12.5
	18.06

	64QAM
	8
	21.94

	256QAM
	3.5
	29.11



As captured in the WF, it was concluded that from a BS perspective QPSK, 16QAM and 64QAM  can be supported. From our point of view as a Broadcast network leading vendor, we think that also 256QAM can be supported and should be added to the list of supported modulations, since 256QAM is relevant to 5G broadcast for use cases like localized broadcast systems such as in-venue.
Proposal 2: 256QAM shall be added to the list of supported modulations.
Issue 1-2-3: Time alignment error
· Proposals
· Option 1: N/A if MIMO scheme not to be supported
· Option 2: Other
· Agreement: FFS TAE requirements needed or not. Companies to provide further information if Tx diversity/MIMO is considered for 5G broadcast
Based on the well-established DTT network deployment expertise and the various 5G Broadcast field trials during the recent years, only a single port configuration is needed for imminent deployments and MIMO schemes are not a subject on interest in the broadcasting ecosystem for now. Hence, we support Option 1.  
Proposal 3: RAN4 agrees on Option 1 with respect to Time alignment error.
Issue 1-2-4: Co-location requirements
· Proposals
· Option 1: N/A, confirm co-location with existing 3GPP bands is not considered
· Option 2: Other
· Agreement: FFS on the co-location requirements. Companies to provide further information if multiple channels to be transmitted from the same TV tower and if co-location with existing 3GPP bands/is considered
From our experience as Broadcast network leading vendor we do not expect that LTE/NR and 5G broadcast services would be co-located for existing 3GPP bands, therefor we do not need to consider any co-location requirements in the specification. Thus we support Option 1.
Proposal 4: RAN4 agrees on Option 1 with respect to co-location requirements.
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, we discuss the BS RF requirements for 5G broadcast and make the following proposals and observations:
Observation 1: Emission requirements are already captured in existing regulatory requirements.
Observation 2: In broadcasting MER is specified instead of EVM.
Proposal 1: RAN4 agrees on Option 1 with respect to output power dynamics.
Proposal 2: 256QAM shall be added to the list of supported modulations.
Proposal 3: RAN4 agrees on Option 1 with respect to Time alignment error.
Proposal 4: RAN4 agrees on Option 1 with respect to co-location requirements.
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