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1 Introduction
During RAN #85 meeting, revised WID[1] was approved with some study range revision. WF[2] was approved on MPR assumptions and intra-band contiguous CA SEM. Since we only have 2-3 meetings on defining the Rel-16 RF requirements, an overview on the FR1 spec is needed.
This paper provides analysis on UE RF requirements within the study range of FR1 RF requirement WI. 
2 Discussion
2.1 Intra-band contiguous/NC DL CA
For intra-band DL contiguous and non-contiguous CA, we summarize the spec status and provide analysis in the following Table 1. For intra-band non-contiguous DL CA, the receiver requirements are generally completed in the CR[3] which was approved in the last meeting. 
Table 1. intra-band DL CA RF requirement status for FR1
	Sub-
clause
	Title
	Contiguous
	Non-contiguous

	7.3A
	Reference sensitivity power level 
	Reuse requirement in Rel-15
	CR R4-1910272

	7.4A
	Maximum input level
	Reuse requirement in Rel-15
	CR R4-1910272 

	7.5A
	Adjacent channel selectivity
	· For Band<2.7GHz, the requirements follow LTE ACS principle as agreed in [6]. Requirement for bandwidth class B shall be added as 23dB and 20dB for bandwidth class F.
· For Band>=3.3GHz, requirements has already defined for bandwidth class C/D/E. New requirement will be introduced only if new configuration is introduced.
	CR R4-1910272

	7.6A
	Blocking characteristics
	· IBB requirement:
· For Band<2.7GHz, the requirements follow LTE ACS principle as agreed in [6]. The specific value 13dB for bandwidth class B and 16dB for bandwidth class F.
· For Band>=3.3GHz, requirements has already defined for bandwidth class C/D/E. New requirement will be introduced only if new configuration is introduced.
· OBB requirement:

· For Band<2.7GHz, the requirements follow LTE ACS principle as agreed in [6].
· For Band>=3.3GHz, requirements has already defined for bandwidth class C/D/E. New requirement will be introduced only if new configuration is introduced.

· NBB requirement
· For Band>=3.3GHz, NBB requirement is not needed.
	CR R4-1910272

	7.7A
	Spurious response
	· For Band<2.7GHz, requirement for bandwidth class B/F shall be added. 

· For Band>=3.3GHz, requirements has already defined for bandwidth class C/D/E. New requirement will be introduced only if new configuration is introduced.
	CR R4-1910272

	7.8A
	Intermodulation characteristics
	· For Band<2.7GHz, requirement for bandwidth class B/F shall be added. The specific value for bandwidth class B shall be added as 19dB and 16dB for bandwidth class F.
· For Band>=3.3GHz, requirements has already defined for bandwidth class C/D/E. New requirement will be introduced only if new configuration is introduced.
	CR R4-1910272

	7.9A
	Spurious emission
	It is not needed for DL CA
	R4-1910272 removed


For FR1 bandwidth classes(FDL_low < 2700 MHz and FUL_low < 2700 MHz), we already have agreement in [6] to follow LTE principle, since the bandwidth class B/F configuration is introduced in Rel-16, the related requirement need to be added.

For intra-band contiguous DL CA, it is worth noting that there is already discussion and some conclusion in RAN4 #90 meeting[4][5] for ACS/blocking requirement. In which, OBB requirements is approved in [5]. If the related bandwidth class configuration is introduced in Rel-16, the corresponding requirement can be follow the agreements and add to the spec. 
Proposal 1: For requirements related to bandwidth class(e.g. ACS/blocking/spurious response/wide band intermodulation), the requirements for a certain bandwidth class is introduced to Rel-16 spec only if the corresponding CA configuration is agreed to introduce.
Proposal 2: The RF requirements for intra-band DL contiguous CA shall be applied as in Table 1.
2.2 Intra-band contiguous/NC UL CA
For intra-band contiguous and non-contiguous UL CA, we summary the spec status and analysis in the following Table 2. We think most RF requirements can follow with principle in TS 36.101, while it also needs to highlight some RF requirements considering NR new feature.
Table 2. intra-band UL CA RF requirement status for FR1
	Sub-
clause
	Title
	Contiguous 
	Non-contiguous

	6.2A
	Transmitter power
	· For UE maximum output power, PC3 can be used as baseline. The band combinations for PC2 shall be aligned with single carrier.(the power class capability is signalled per Band)

· For MPR, the simulation assumption is agreed in WF R4-1910273. 
· PCMAX for intra-band UL CA shall be defined, we have accompany draft CR in R4-19XXXX.
	· For UE maximum output power ,Same as contiguous
· For MPR, the simulation assumption is agreed in WF R4-1910273. 
· See accompany draft CR in R4-19XXXX.

	6.3A
	Output power dynamics
	· For UE minimum output power, -40dBm scaled with CBW will be reused for each CC.

· For Transmit OFF power, -50dBm will be reused for each CC.

· For ON/OFF time mask, the general output power ON/OFF time mask is applicable for each component carrier during the ON power period and the transient periods. The OFF period shall only be applicable for each component carrier when all the component carriers are OFF.
· For Power control, power control tolerance is defined for each component carrier.
	· For UE minimum output power, -40dBm scaled with CBW will be reused for each CC.

· For Transmit OFF power, -50dBm will be reused for each CC.

· For ON/OFF time mask, same as contiguous.
· For Power control, power control tolerance per component carrier

	6.4A
	Transmit signal quality
	· For Frequency error, ±0.1 PPM will be reused.

· For IBE/EVM, with all CCs active and configured with PRB allocation only applied on the PCC and no PRB allocation applied on other CCs as in TS 36.101
	· For Frequency error, ±0.1 PPM will be reused, defined on each CC.

· For IBE, defined for each CC.
· For EVM, defined for each CC, RB allocation only applied for one CC.

	6.5A
	Output RF spectrum emissions
	· For OBW, follow TS 36.101.

· For SEM, agreement in WF 1910273. BWchannel_CA shall be shall not be flexible with SCS. (where u=u0 to apply GB for each CC)
· For ACLR, definition follow TS 36.101, value=30dB for PC3, the MBW shall be equal to BWChannel_CA – 2*max(GB(low),GB(high)) for both wanted aggregated CBW and adjacent aggregated CBW.(where u=u0 to apply GB for each CC)
Or 100% aggregated channel bandwidth(BWchannel_CA) for wanted and 99% aggregated channel bandwidth for adjacent, while BWchannel_CA shall be shall not be flexible with SCS.
· For Spurious emission, fOOB boundary shall be defined as BWChannel_CA+5MHz. 

· ASE shall be defined per band combination if needed.

· For Transmit intermodulation, BW->BWChannel_CA, MBW is BWChannel_CA – 2*max(GB(low),GB(high)). (where u=u0 to apply GB for each CC)
	· For OBW, follow TS 36.101.

· For SEM, follow SEW defined for each sub-block. Relax requirement for inner gap.
· For ACLR, requirement is reused for each sub-block, with Wgap larger than one of the sub-block.

· For Spurious emission, composite requirement is defined.




For the emission requirements, BWChannel_CA is used to set the boundary of different limit value and it also used to define the measurement bandwidth. Since NR introduce mixed numerology, it seems BWChannel_CA is actually flexible with SCS and channel raster. Then it would be very complex for traverse different scenarios. When we have research on nominal channel space for CA, it is agreement that it will not flexible with SCS. We think the principle can be reused for defining the emission requirements.
Proposal 3: when defining the emission requirements for intra-band UL CA, the BWChannel_CA is not flexible with data SCS.
Since BWChannel_CA= Nominal channel spacing + Foffset,high + Foffset,low, where nominal channel spacing is not variant with SCS, the only issue is Foffset,high and Foffset,low. Since

Foffset,low = (NRB,low*12 + 1)*SCSlow/2 + BWGB (MHz)

Foffset,high = (NRB,high*12 - 1)*SCShigh/2 + BWGB (MHz)

BWGB = max(BWGB,Channel(k))

Then the key factor would be the data SCS adoption in each CC. Actually, in the calculating of nominal channel space, µ adopts the common maximum µ in Table 5.3.5-1 for CCs. So we propose to adopt µ equal to definition in nominal channel space for CA.
Proposal 4: Define the BWChannel_CA= Nominal channel spacing + Foffset,high + Foffset,low, where the data SCS for each CC use the largest μ value among the subcarrier spacing configurations supported in the operating band for both of the channel bandwidths according to Table 5.3.5-1 in TS 38.101-1.
2.3 Intra-band EN-DC MPR/AMPR improvement
In the latest WID, the work plan for EN-DC MPR/AMPR improvement is as following:
· Define detailed objectives in RAN#84
· This study will not started until detailed objectives are defined in RAN#84

Until RAN4 #92 meeting, we don’t have clear objectives for intra-band EN-DC MPR/AMPR improvement. We can start from the current status for intra-band MPR/AMPR. We summarise the MPR/AMPR defined for each band combination in Rel-15 spec as in following tables.
Table 3. MPR/AMPR definition for DC_41-n41 in TS 38.101-3 Rel-15

	1PA/2PA
DPS
	1 PA-SUO
	1 PA-DUO
	2 PA-SUO
	2PA-DUO

	
	MPR
	AMPR
	MPR
	AMPR
	MPR
	AMPR
	MPR
	AMPR

	DPS supported
	Use single RAT MPR
	Use single RAT AMPR
	No requirement
	No requirement
	Use single RAT MPR
	Use single RAT AMPR
	Use MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3

	DPS not supported
	Use single RAT MPR
	Use AMPR defined in TS 38.101-3
	No requirement
	No requirement
	Use MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3
	Use MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3


Table 4. MPR/AMPR definition for DC_71-n71 in TS 38.101-3 Rel-15

	1PA/2PA
DPS
	1 PA-SUO
	1 PA-DUO
	2 PA-SUO
	2PA-DUO

	
	MPR
	AMPR
	MPR
	AMPR
	MPR
	AMPR
	MPR
	AMPR

	DPS supported
	N/A
	N/A
	Use AMPR as MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3
	N/A
	N/A
	Use AMPR as MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3

	DPS not supported
	Use single RAT MPR
	Use AMPR defined in TS 38.101-3
	Use AMPR as MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3
	Use MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3
	Use AMPR as MPR defined in TS 38.101-3
	Use AMPR defined in TS 38.101-3


Table 5. MPR definition for DC_3-n3 in TS 38.101-3 Rel-15

	1PA/2PA
DPS
	1 PA-SUO
	1 PA-DUO
	2 PA-SUO
	2PA-DUO

	DPS supported
	Use single RAT MPR
	N/A

Only SUO is used in Rel-15
	Use single RAT MPR
	N/A

Only SUO is used in Rel-15

	DPS not supported
	Use single RAT MPR?

Need clarify
	
	Use single RAT MPR?

Need clarify
	


In the last RAN4 meeting, there is discussion on intra-band EN-DC 41-n41 improvement for MPR/AMPR with 1PA or 2PA architecture (marked in blue colour in Table 3). However the contents are already captured in 29dBm WI, it would be duplicated work in this WI.
Observation 1: The MPR/AMPR improvement for intra-band EN-DC 41-n41 is already captured in 29dBm WI, it shall not have impact on this WI.

For intra-band EN-DC 3-n3, only single UL transmission is allowed in Rel-15, thus no MPR requirement is defined for the combination. In Rel-16, it is encouraged to have improvements on intra-band EN-DC 3-n3 dual uplink transmission, and RAN4 need to evaluate the MPR for this combination, the objectives are proposed accordingly.
Proposal 5: The objectives for intra-band EN-DC improvements are as following
· Define intra-band EN-DC 3-n3 DUO mode 
· Define intra-band EN-DC 3-n3 MPR under DUO mode

· Cannot directly reuse MPR defined in current Rel-15 spec, it shall be evaluated per band combination for 1PA and 2PA respectively.
· The topic is completed after intra-band EN-DC 3-n3 MPR is defined.
2.4 Almost contiguous allocations for CP-OFDM
Almost contiguous allocations for CP-OFDM is UE baseband capability reported per FR, it means the UE needs to support the MPR for all bands within its capability if UE indicates support on almost contiguous allocations for CP-OFDM.
Observation 2: “almost contiguous allocations for CP-OFDM” capability cannot be reported per band or per band combination since it is a baseband capability, while MPR definition related to RF characteristic.

For intra-band EN-DC, RAN4 use DFT-s-OFDM waveform to simulate/measure on the MPR/AMPR, and almost contiguous allocation will further impact the output power considering there is already a large MPR defined in Rel-15. Therefore, the almost contiguous allocation for CD-OFDM shall be excluded for intra-band ENDC in Rel-16. For intra-band UL CA, much MPR would be introduced by non-contiguous allocation among CCs, we don’t see much improvement on further introducing almost contiguous allocations CP-OFDM for intra-band UL CA.
Proposal 6: Almost contiguous allocation for CD-OFDM for intra-band ENDC and NR intra-band UL CA shall be excluded in Rel-16.
3 Conclusion

In this contribution we discussed on the open issues on FR1 RF requirement, according to the analysis, we have the following proposals:
Proposal 1: For requirements related to bandwidth class(e.g. ACS/blocking/spurious response/wide band intermodulation), the requirements for a certain bandwidth class is introduced to Rel-16 spec only if the corresponding CA configuration is agreed to introduce.
Proposal 2: The RF requirements for intra-band DL contiguous CA shall be applied as in Table 1.

Proposal 3: When defining the emission requirements for intra-band UL CA, the BWChannel_CA is not flexible with data SCS.
Proposal 4: Define the BWChannel_CA= Nominal channel spacing + Foffset,high + Foffset,low, where the data SCS for each CC use the largest μ value among the subcarrier spacing configurations supported in the operating band for both of the channel bandwidths according to Table 5.3.5-1 in TS 38.101-1.
Observation 1: The MPR/AMPR improvement for intra-band EN-DC 41-n41 is already captured in 29dBm WI, it shall not have impact on this WI.

Proposal 5: The objectives for intra-band EN-DC improvements are as following
· Define intra-band EN-DC 3-n3 DUO mode 

· Define intra-band EN-DC 3-n3 MPR under DUO mode

· Cannot directly reuse MPR defined in current Rel-15 spec, it shall be evaluated per band combination for 1PA and 2PA respectively.

· The topic is completed after intra-band EN-DC 3-n3 MPR is defined.
Observation 2: “almost contiguous allocations for CP-OFDM” capability cannot be reported per band or per band combination since it is a baseband capability, while MPR definition related to RF characteristic.

Proposal 6: Almost contiguous allocation for CD-OFDM for intra-band ENDC and NR intra-band UL CA shall be excluded in Rel-16.
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