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1. Introduction

In this contribution we discuss the intra-band EN-DC with single PA RF architecture issues. This is an important discussion due to its impact on the specification.
2. Intra-band EN-DC with single PA or two PAs architectures
It has been outlined in [1] that we have multiple options to consider for resources sharing as follows:
	Option
	Resource sharing for UL
	CC allocation
	Number TX chains

	A
	FDM
	adjacent
	One

	B
	FDM
	not adjacent
	One

	C
	FDM
	adjacent
	Two

	D
	FDM
	not adjacent
	Two

	E
	TDM
	adjacent
	One

	F
	TDM
	not adjacent
	One

	G
	TDM
	adjacent
	Two

	H
	TDM
	not adjacent
	Two


Also, it is agreed that for intra-band EN-DC we support only collocated base stations and a MRTD of 3us.
However here, in this paper, we would like to analyse the system itself while rising some new issues that need to be addressed before this architecture for both type 1 and 2 power sharing capable UEs can operate.
2.1 Two closed power control loops through the same PA

Since we have 2 base stations and a single PA there will be two closed power control loops that will run through the same PA. It is true that the pathloss will be the same. However, the UL interference will be separately evaluated to eNB and gNB and this may lead to different TPC commands directions per eNB and gNB respectively. So, this may lead to a power imbalance if the UE applies these individual TPC commands as they come.

Observation 1:  The UL interference will be separately evaluated to eNB and gNB and this may lead to different TPC commands direction per eNB and gNB.

2.2 PHR interpretation by base stations 1 PA vs. 2 PAs

The UE can send both PHRs for LTE and NR respectively to both base stations. However, the power headroom interpretation when using 2 PAs versus 1 PA architectures is drastically different.

For 2 PAs architecture the PHR would be correctly and directly interpreted by each base station as is since it is related to a per RAT assumed PA.
When using 1 PA and simultaneous transmissions are allowed, each base station must to consider the power headroom of the other RAT and subtract it to have a correct interpretation of the real remaining power. 
Still how relevant the information and useful for the schedulers is very questionable since there is no cross-scheduling control between E-UTRA and NR schedulers.
Thus, the base station must know the UE architecture when a single PA is used.

Observation 2: The base station must know the UE architecture when a single PA is used vs. 2 PAs for PHR interpretation.
Observation 3: With 1 PA architecture, if simultaneous transmissions are allowed, the PHR report will not have too much relevance for the E-UTRA and NR schedulers respectively.
2.3 What happens if different numerology is used for NR

If the NR uses a different slot length and transmission length than LTE and let’s say that 2 NR slots overlap with 1 LTE subframe and the power transmission changes in each NR slot while using a single PA architecture, we may see some phase discontinuities issues. More than that, the question is how we will compute the MPR or other reduction is such situations?
For LTE CA intra-band, we assumed the same sTTI pattern in order to avoid many problems. Probably some restrictions are required for EN-DC intra-band for the NR numerology vs. LTE TTI.

Observation 4: Some restrictions are required for EN-DC intra-band for the NR numerology vs. LTE TTI for single PA architecture to avoid phase distortion in the PA at transition time and power changes at slot border. 
3.  How to deal with the single PA vs. two PAs architectures
There are two alternatives:

· One way is to use a switched UL operation for 1 PA and thus LTE and NR transmission will not overlap in time. This will simplify the system operation and keep it coherent as per current design.
· Simply use a 2 PAs architecture.
Proposal1: With 1 PA architecture, switched UL operation should be used to take advantage of NR multiple numerologies capability.
Proposal 2: Use 2 PAs architecture otherwise so any system ambiguity would disappear.
Proposal 3: If both 1 PA and 2 PAs architectures are agreed, this must be signaled as a UE capability for intra-band EN-DC.
4. Conclusion 

In this contribution, the following observations and proposals were made:
Observation 1:  The UL interference will be separately evaluated to eNB and gNB and this may lead to different TPC commands direction per eNB and gNB.

Observation 2: The base station must know the UE architecture when a single PA is used vs. 2 PAs for PHR interpretation.
Observation 3: With 1 PA architecture, if simultaneous transmissions are allowed, the PHR report will not have too much relevance for the E-UTRA and NR schedulers respectively.
Observation 4: Some restrictions are required for EN-DC intra-band for the NR numerology vs. LTE TTI for single PA architecture in order to avoid phase distortion in the PA at transition time and power changes at slot border. 

Proposal1: With 1 PA architecture, switched UL operation should be used to take advantage of NR multiple numerologies capability and keep the system design coherent (i.e. power control, PHR reports)
Proposal 2: Use 2 PAs architecture otherwise so any system ambiguity would disappear.
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