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Introduction
In last RAN plenary meeting #82, a new WID ENDC_1LTE_1NR_PC2 has been approved to improve the imbalance between UL and DL coverage for 5G NR NSA deployment. The objective of this WID is to specify RF requirements for PC2 EN-DC (1 LTE band (PC3) and 1 NR band (PC3) with 1Tx). 
This paper discusses some key problems about EN-DC HPUE and provide an overview of TS 38.101-3 in the Annex which gives a reference when adding the RF requirements for EN-DC HPUE.
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EN-DC configurations
RAN4 has done a lot of research about HPUE before the EN-DC HPUE WID was approved. E.g. PC2 HPUE feature for 5G SA deployments on NR bands n41, n77, n78 and n79, including PC2 UL MIMO and PC2 1Tx UE. These can be basis for starting the research for EN-DC HPUE.
There are following PC2 EN-DC configurations brought up in [1]. They can be classified into three EN-DC classes: Intra-band contiguous EN-DC, Intra-band non-contiguous EN-DC and Inter-band EN-DC.
Table 1: EN-DC configurations for PC2 HPUE within FR1
	EN-DC Classes
	EN-DC configuration
	Uplink EN-DC configuration

	Intra-band contiguous EN-DC
	DC_(n)41AA
	DC_(n)41AA

	Intra-band non-contiguous EN-DC
	DC_41A-n41A
	DC_41A-n41A

	Inter-band EN-DC
	DC_39A-n41A
	DC_39A-n41A

	
	DC_39A-n79A
	DC_39A-n79A

	
	DC_41A-n79A
	DC_41A-n79A



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: This WID ENDC_1LTE_1NR_PC2 needs to specify RF requirements for three EN-DC classes: Intra-band contiguous EN-DC, Intra-band non-contiguous EN-DC and Inter-band EN-DC.

MPR/A-MPR
For EN-DC HPUE (1 LTE band and 1 NR band), there may be two PA architectures, Separate PA architecture and Shared PA architecture. Separate PA architecture means that LTE PC3 PA and NR PC3 PA are separated. Shared PA architecture means only one PA is used for LTE and NR supporting PC2. There is following observation: 
Observation 2: For intra-band contiguous and non-contiguous EN-DC HPUE, shared PA architecture is preferred. For inter-band EN-DC HPUE, separated PA architecture is preferred.
For inter-band EN-DC HPUE, since separated architecture is used, there is no need to define additional MPR requirements for EN-DC HPUE. LTE MPR requirement and NR MPR requirement can still be used according to TS 36.101 and TS 38.101-1.
Proposal 1: For inter-band EN-DC HPUE, there is no need to define additional MPR requirements for EN-DC HPUE. LTE MPR requirement and NR MPR requirement can still be used according to TS 36.101 and TS 38.101-1. For intra-band EN-DC HPUE, corresponding MPR requirement needs further study.
For intra-band contiguous EN-DC configuration DC_(n)41AA，RAN4 has defined A-MPR requirement instead of MPR corresponding to NS_04 requirement, to meet specific regional requirements . For this WID, RAN4 may need to define a more generic requirement based on a more general emission problem for DC_(n)41AA.
Proposal 2: For this WID, RAN4 may need to define a more generic requirement based on a more general emission problem for DC_(n)41AA.

Pcmax 
Current scope of the WI, for EN-DC HPUE, each RAT has a PC3 power class restriction. In this situation, there is no need to scale or drop NR carrier. Even if LTE and NR use full power class (PC3) to transmit signal simultaneously, the total power will not exceed PC2.
Observation3: There is no need to scale or drop NR carrier in current WI scope in which each RAT has a PC3 power class restriction.

SAR 
Intra-band EN-DC HPUE SAR related topic has been discussed in earlier RAN4 meetings. SAR related restrictions are introduced for intra-band EN-DC HPUE in this draft CR [2].
If UE supports a different power class than the default UE power class for EN-DC band combination, and the supported power class enables higher maximum output power than that of the default power class:
-	if the LTE UL/DL configuration is 0 or 6; or
-	if the LTE UL/DL configuration is 1 and special subframe configuration is 0 or 5; or
-	if the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	apply all requirements for the default power class, and set the configured transmitted power as specified in sub-clause 6.2B.4;
-	else
-	apply all requirements for the supported power class, and set the configured transmitted power class as specified in sub-clause 6.2B.4;
Observation 4: For intra-band EN-DC HPUE, SAR related restrictions have already completed.
The SAR restrictions for intra-band EN-DC HPUE are based on an assumption that LTE and NR carriers are synchronized. Unlike intra-band EN-DC HPUE, inter-band EN-DC doesn’t guarantee the synchronized operation. Whether reusing the same mechanism for inter-band EN-DC SAR problem needs further study. 
Proposal 3: Whether reusing the same mechanism to intra-band EN-DC for inter-band case to account for SAR problem needs further study.

MSD
Another problem EN-DC HPUE may encounter is MSD. The evaluation of MSD may involve the in-device interference analysis which is relevant to EN-DC power class. When introducing EN-DC PC2, the MSD requirement may need re-evaluation.
Proposal 4: For introducing EN-DC PC2, the MSD requirement may need re-evaluation.

Conclusion
This paper gives some analysis of EN-DC PC2, mainly covering the following aspects: EN-DC configurations, MPR/A-MPR, SAR restriction and MSD. The following observations and proposals are made:
Observation 1: This WID ENDC_1LTE_1NR_PC2 needs to specify RF requirements for three EN-DC classes: Intra-band contiguous EN-DC, Intra-band non-contiguous EN-DC and Inter-band EN-DC.
Observation 2: For intra-band contiguous and non-contiguous EN-DC HPUE, shared PA architecture is preferred. For inter-band EN-DC HPUE, separated PA architecture is preferred.
Observation 3: There is no need to scale or drop NR carrier in current WI scope in which each RAT has a PC3 power class restriction.
Observation 4: For intra-band EN-DC HPUE, SAR related restrictions have already completed.

Proposal 1: For inter-band EN-DC HPUE, there is no need to define additional MPR requirements for EN-DC HPUE. LTE MPR requirement and NR MPR requirement can still be used according to TS 36.101 and TS 38.101-1. For intra-band EN-DC HPUE, corresponding MPR requirement needs further study.
Proposal 2: For this WID, RAN4 may need to define a more generic requirement based on a more general emission problem for DC_(n)41AA.
Proposal 3: Whether reusing the same mechanism for inter-band EN-DC SAR problem needs further study.
Proposal 4: For introducing EN-DC PC2, the MSD requirement may need re-evaluation.

In addition, the Annex in this paper gives an overview of TS 38.101-3 which provides a guidance when adding EN-DC PC2 related RF requirements.
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Annex
Table 2: Overview of TS 38.101-3 Transmitter Characteristics
	                                      EN-DC HPUE Classes  
Transmitter Characteristics
	Intra-band EN-DC
	Inter-band EN-DC

	
	Contiguous
	Non-contiguous
	Within FR1

	Transmitter
Power
	MOP
	Yes
	Yes
	Yes

	
	MPR
	No
	No
	No

	
	A-MPR
	Yes
	Yes
	No

	
	Pcmax
	Yes
	Yes
	Yes

	Output dynamics
	Switching
Time Mask
	Yes
	Yes
	Null

	Transmit signal quality
	Frequency error
	Null
	Null
	No

	
	EVM
	No
	No
	No

	
	Carrier Leakage
	No
	No
	No

	
	In-band emissions
	No
	No
	No

	Output RF spectrum emissions
	OBW
	No
	No
	No

	
	OOBE
	Yes
	Yes
	No

	
	Spurious emissions
	Yes
	Yes
	Yes

	
	Additional Spurious emissions
	/
	/
	/

	Yes: Need additional RF requirements for EN-DC HPUE；
No: No need to define additional RF requirements. The requirements are according to TS 36.101 and TS 38.101-1/2.
Null: The corresponding RF requirements are empty.



Table 3: Overview of TS 38.101-3 Receiver Characteristics
	                                       EN-DC HPUE Classes  
Receiver Characteristics
	Intra-band EN-DC
	Inter-band EN-DC

	
	Contiguous
	Non-contiguous
	Within FR1

	Reference sensitivity level
	REFSENS (General)
	No
	No
	Null

	
	MSD
	Yes
	Null
	Yes

	
	ΔRIB,c, ΔRIBNC
	Yes
	Yes
	Yes

	Maximum input level
	Maximum input level
	Yes
	No
	No

	Adjacent channel selectivity
	ACS
	Yes
	No
	No

	Blocking Characteristics
	In-band blocking
	Yes
	No
	No

	
	Out-of-band blocking
	Yes
	No
	No

	
	Narrow band blocking
	Yes
	No
	No

	Spurious response
	Spurious response
	Yes
	No
	No

	Intermodulation characteristics
	Wide band intermodulation
	Yes
	No
	No

	Spurious emissions
	Spurious emissions
	No
	No
	No

	Yes: Need additional RF requirements for EN-DC HPUE;
No: No need to define additional RF requirements. The requirements are according to TS 36.101 and TS 38.101-1/2. 
Null: The corresponding RF requirements are empty.
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