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1. Introduction
Specifications for intra-band EN-DC in bands 41/n41 and 71/n71 have been included in 38.101-3.  When initially conceived for EN-DC, these configurations were expected to only be deployed in the US where specific regulatory emission requirements have been specified under NS signaling and for which A-MPR is defined.  Therefore, MPR was not defined as a general requirement for intra-band EN-DC.  In spite of the absence of MPR, emission requirements have been defined generally for intra-band EN-DC when NS_01 is signaled.  To complete the specification work, MPR should be defined.  This contribution addresses some of the issues related to the definition of MPR and seeks common assumptions for carrying out the MPR work.

2. Discussion

In the usual sequence of events, general requirements for a new feature such as intra-band EN-DC are first defined along with the necessary MPR.  After the general requirements are completed, then band-specific and deployment-specific requirements under NS and associated A-MPR are defined.  However, in the case of FR1 NR intra-band EN-DC, the usual sequence was not followed.  Hence, the 38.101-3 specification already includes band-specific and deployment-specific requirements and A-MPR for DC_(n)71B, DC_(n)41AA, and DC_41A-n41A under NS_35 and NS_04 signaling, but does not include the general requirements and MPR for intra-band EN-DC.  

2.1. Band applicability

As part of a WID on a new 29 dBm UE power class [1], the MPR requirements are now intended to be addressed.  One objective from the WID is listed as

· Develop MPR requirements for DC_(n)41AA and DC_41A_n41A for PC2, PC3 and 29 dBm

However, the objective is somewhat unclear since MPR requirements are band-agnostic.  We therefore interpret that the objective is to define MPR requirements for intra-band EN-DC configurations with contiguous and non-contiguous carriers where the carrier from each cell group are of bandwidth class A; i.e., AA and A-nA.  The MPR requirement would apply irrespective of the actual band number within FR1.
Proposal:  The intra-band EN-DC MPR requirements are defined for AA and A-nA configurations, irrespective of the band number within FR1.
2.2. General emission requirements

A review of the emission requirements potentially impacting MPR for intra-band EN-DC is summarized below.  For each requirement, the clause in the 38.101-3 specification for both contiguous and non-contiguous intra-band EN-DC is listed.  The requirements do not list applicability to power class (i.e., PC3, PC2, 29 dBm), but it is assumed that the same requirements apply to all power classes unless otherwise specified.

	
	Contiguous
	Non-contiguous
	Applicability to power class

	SEM
	6.5B.2.1.1 
	6.5B.2.2.
	All

	ACLR
	6.5B.2.1.3 
	6.5B.2.2.3
	Applicable to PC3 and PC2.  Further study may be needed to confirm applicability to 29 dBm power class.  

	Spurious emissions
	6.5B.3.1 
	6.5B.3.2 Placeholder, but no text.


	All 

	EVM
	6.4B.2.1.1 
	Not specified.  
	All

	IBE
	6.4B.2.1.3
	Not specified.  
	All


It can be seen that while most of the general requirements are already defined, a few are yet to be completed.  The following are proposed
· Spurious emissions defined as a composite mask of the individual per-carrier spurious emission requirements

· EVM is measured per carrier with allocation only in the carrier being measured

· IBE is measured per carrier with allocation only in the carrier being measured

The proposals above are largely consistent with intra-band UL CA for LTE.  Similar to LTE, it can be expected that the MPR for non-contiguous intra-band EN-DC will be large to account for intermodulation products that may land in-band.

Proposal:  Complete intra-band EN-DC requirements as follows

· Spurious emissions defined as a composite mask of the individual per-carrier spurious emission requirements

· EVM is measured per carrier with allocation only in the carrier being measured

· IBE is measured per carrier with allocation only in the carrier being measured

The proposed changes to EN-DC requirements are provided in [2].

2.3. UE architecture

For the specific configurations already defined, UE architecture was an integral part of the discussion.  In particular, it was agreed to define A-MPR requirements for EN-DC in Band 71 assuming a single Tx chain UE architecture [3] whereas for EN-DC in Band 41 assuming a dual Tx chain UE architecture [4].  These assumptions were justified based on expected implementations according to the specific bands where, for example, dual Tx chains with dual antennas at low frequency FDD bands would be challenging to fit onto a handheld form factor while at high frequency TDD bands, dual antennas might already be present for UE’s also supporting UL MIMO.  Another assumption is the limited relative bandwidth that a single Tx/PA architecture can support with good efficiency and performance, especially for the case of non-contiguous intra-band EN-DC.  Such assumptions can be taken for defining band-specific requirements, especially when interest in the EN-DC configuration comes predominantly from a single operator.  Other assumptions can be taken for single Tx chain non-contiguous intra-band EN-DC since carriers with large separation may not be suitable for single PA.  

However, when defining general requirements, the same approach may not be ideal.  Two options include

1. Single Tx vs. dual Tx on a band-specific for frequency-range basis.  This implies that general MPR would be band dependent; i.e., a different MPR table applies depending on the band.  This may also imply that UE implementations will be constrained since it may not be possible, for example, to meet MPR derived assuming dual Tx if only single Tx is implemented.  For dual Tx, assumed antenna isolation becomes important and may also be a function of the band or frequency range.
2. Both single Tx and dual Tx MPR is defined applicable for any band.  For a UE that supports dual simultaneous uplink, it should also indicate by signaling which MPR table it meets on a per-configuration basis.  

Between these, option 2 provides the greatest flexibility in the specifications but requires more work and UE signaling.  Note that the generality offered by option 2 is not always needed.  For example, since the 29 dBm UE by definition is only allowed to achieve 29 dBm maximum output power by simultaneous transmission on two Tx chains, there is no need to define requirements for a single Tx reference architecture.
Proposal:  Define MPR for both single Tx and dual Tx reference architectures.  Introduce UE signaling to indicate which table the UE supports on a per-configuration basis.

3. Conclusion

This contribution introduces guidelines and assumptions for initiating the work on MPR for EN-DC.  The MPR should be defined to be applicable to all bands since MPR is a general requirement.  The emission requirements for which MPR may be impacted are not fully completed for non-contiguous intra-band EN-DC yet; however, a proposal is provided to complete them following the same approach as used for contiguous intra-band EN-DC.  Finally, the reference architecture consisting of either single Tx or dual Tx should be considered.  Since the MPR requirements are general, then one possibility is to define requirements for both single Tx and dual Tx with UE signaling to indicate which requirements the UE conforms to.  The following proposals have been provided for consideration.
Proposal 1:  The intra-band EN-DC MPR requirements are defined for AA and A-nA configurations, irrespective of the band number within FR1.

Proposal 2:  Complete intra-band EN-DC requirements as follows

· Spurious emissions defined as a composite mask of the individual per-carrier spurious emission requirements

· EVM is measured per carrier with allocation only in the carrier being measured

· IBE is measured per carrier with allocation only in the carrier being measured

Proposal 3:  Define MPR for both single Tx and dual Tx reference architectures.  Introduce UE signaling to indicate which table the UE supports on a per-configuration basis.
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