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1. Introduction

General emission requirements for intra-band contiguous EN-DC were included in the 38.101-3 specification released in December.  However, some requirements are still missing and others could benefit from additional detail or clarification.  This contribution provides proposals for general definitions and requirements for intra-band contiguous EN-DC.
2. Discussion

Channel spacing

For intra-band contiguous EN-DC, the nominal channel spacing between two adjacent NR and E-UTRA carriers is defined as


Nominal channel spacing = (BWNR_Channel + BWE-UTRA Channel)/2 + {-5, 0, +5 kHz}
where the BWNR_Channel  is the channel bandwidth of the NR carrier and the BWE-UTRA Channel is the channel bandwidth of the E-UTRA carrier(s) in the EN-DC configuration.
If channel spacing is larger than nominal channel spacing, then requirements for intra-band non-contiguous EN-DC shall apply.

Aggregated channel bandwidth

For intra-band contiguous EN-DC, the aggregated channel bandwidth is sum of the individual NR and E-UTRA channel bandwidths assuming nominal EN-DC channel spacing.  Note that the potential 5 kHz offset in nominal channel spacing is not included in the definition of aggregated channel bandwidth to simplify the definition and since the 5 kHz is insignificant compared to the value of aggregated channel bandwidth for EN-DC.

ENBW = BWNR_Channel + BWE-UTRA Channel
In the case where the NR sub-block and/or the E-UTRA sub-block itself is composed of intra-band contiguous CA carriers, the EN-DC aggregated channel bandwidth is the sum of the aggregated channel bandwidths of the NR and E-UTRA sub-blocks assuming nominal EN-DC channel spacing between the NR sub-block and E-UTRA sub-block.  

ENBW = BWNR_Channel_CA + BWE-UTRA Channel_CA

Maximum output power

Maximum for intra-band contiguous EN-DC is already defined in 38.101-3.  It is defined as the total maximum power across configured CG’s and across all antenna connectors.  Power classes are defined according to the EN-DC combination where multiple options may become available [1].
MPR

MPR is still to be defined for intra-band contiguous EN-DC.  Some aspects to be considered are how to define the MPR for the UE that supports dynamic power sharing between E-UTRA and NR transmitters as well as the UE that does not.  Other aspects including whether a common modulation, SCS, CP-OFDM vs. SC-FDMA should be considered on each of the carriers.  While it would be desirable to define requirements generally so that they could apply regardless of the number of carriers (i.e., carrier aggregated carriers for E-UTRA and NR), it is likely that the less ambitious case of single carrier in E-UTRA and NR will first be defined.
Configured output power

Pcmax equations and the effect of power control and the effect of asynchronous timing on the NR and E-UTRA carriers are not yet defined in the specifications for intra-band contiguous EN-DC.
DTIB
Relaxation that is allowed for either the E-UTRA band or the NR band shall also be allowed for the intra-band EN-DC combination consisting of carriers in these two bands.
Minimum output power

Minimum output power is already defined in 38.101-1; however, clarification is needed that for intra-band contiguous EN-DC, the minimum output power requirement shall apply when the power of all NR and E-UTRA carriers are set to minimum value.  As already described in 38.101-3, the requirements apply individually to E-UTRA from 36.101 and FR1 NR from 38.101-1.  
Off power

OFF power is already defined in 38.101-1; however, clarification is needed that for intra-band contiguous EN-DC, the OFF output power requirement shall apply when the power of all NR and E-UTRA carriers are OFF.  As already described in 38.101-3, the requirements apply individually to E-UTRA from 36.101 and FR1 NR from 38.101-1.  
Time masks

On/Off time masks are already defined in 38.101-1; however, further clarification is needed for intra-band EN-DC.  Time mask requirements are applied individually for the E-UTRA and NR sub-blocks.  However, where OFF power is relevant, i.e., in OFF-ON transitions, the requirements only apply when all NR and E-UTRA carriers are OFF.  Moreover, if both E-UTRA and NR transition simultaneously from OFF to ON, the longer transient time of 20us shall apply to both.  If either E-UTRA or NR is OFF and the other carrier transitions from OFF to ON, then the transient time associated with that carrier applies.
Transmit signal quality
For intra-band contiguous EN-DC the UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of 0.5ms with reference to the carrier frequency of the E-UTRA downlink carrier.

For EVM and in-band emissions, the difficulty in specifying these requirements comes from the need to enable RF architectures that use an LO for each sub-block (potentially also per carrier within the sub-block) as well as architectures that use a single LO for the composite EN-DC waveform.  In the LTE specifications, a similar problem exists for intra-band uplink carrier aggregation.  The solution to that case is to define the EVM requirements with only RB allocation in a single component carrier and for in-band emission to schedule a contiguous allocation starting from one edge of the aggregated channel bandwidth.  A similar approach can be considered for EN-DC; however, this requires that the test equipment searches or deduces the location of the LO from a finite set of likely locations in the verification procedure.  In network operation, it is implementation dependent how the gNB locates and compensates for the LO leakage.  This approach also suffers from using only contiguous allocations for in-band emissions since requirements would not be applicable for any non-contiguous allocations in EN-DC.

Occupied bandwidth
For intra-band contiguous EN-DC the occupied bandwidth is a measure of the bandwidth containing 99% of the total integrated power of the transmitted spectrum.  The OBW shall be less than the aggregated channel bandwidth for EN-DC, denoted as ENBW.
Out-of-band emissions

38.101-3 already contains a sub-clause for out-of-band emissions pertaining to intra-band contiguous EN-DC as follows

Unless otherwise stated, the OOBE limits specified for the DC combination in this sub-clause apply regardless of any OOBE requirements specified for each sub-block in the respective [36.101] and [38.101-1].

The requirements apply to each antenna connector.

The intention of the statement is that the OOBE requirements for EN-DC supercede (i.e., regardless) those for the individual sub-blocks.  Moreover, the requirements apply to each antenna connector implying that the entire EN-DC signal should appear at each antenna connector.  However, whether the entire EN-DC signal appears at each antenna port or whether the signal is split between multiple antenna ports is an implementation choice.  Therefore, the specification should be rewritten to indicate that the EN-DC OOBE requirement shall be measured as the sum of the output of each antenna connector.  This would also be consistent with the maximum output power definition where the total power over all antenna connectors is specified.

Spectrum emission mask
The general SEM mask for intra-band contiguous EN-DC is defined in the following table
	ΔfOOB
(MHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth

	± 0 - 1 
	Max(Round(10*log(0.15/ENBW)),-24)
	30 kHz

	± 1 - 5 
	-10
	1 MHz

	± 5 - ENBW 
	-13
	1 MHz

	± ENBW – (ENBW+5)
	-25
	1 MHz

	Note: ENBW refers to the aggregated channel bandwidth in MHz


ACLR
ACLR for intra-band contiguous EN-DC is already defined in 38.101-3.  The measurement bandwidth may require further consideration as described in [2].
Spurious emissions
Spurious emissions for intra-band contiguous EN-DC is already defined in 38.101-3.
Receiver requirements
TBD
3. Conclusion

A survey of general definitions and transmitter requirements for intra-band contiguous EN-DC is presented.  In many cases, there are already clauses in the 38.101-3 specification.  However, in some cases, there is no requirement defined yet or the requirement could benefit from additional detail or clarification.  The following items have specific proposals in this contribution.  The other items discussed in this paper are either already completed, or require more work to bring forth a concrete proposal.
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