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1 Introduction
Intra-band contiguous UL CA HPUE is one objective of Rel-17 FR1 UE RF WI[1].
In Rel-16, 2 different UE RF architectures are raised for PC3 intra-band contiguous UL CA, related conclusion could be found in approved WF[2]. Based on these RF architecture assumption, we may need further discuss on adaptable RF architecture for defining HPUE requirements.

This paper provides the analysis on UE RF architecture of PC2 contiguous UL CA.
2 Discussion
2.1 Architecture assumption
In Rel-16, 2 RF architectures are raised for PC3 intra-band contiguous UL CA:
· 1PA architecture: supports up to 200MHz with 1PA, 23dBm
· 2PA architecture: each PA supports up to 100MHz, assumes 23dBm+23dBm 
For RF architecture for PC2, there would be 4 potential types into consideration:
· Type1: 1PA architecture which supports up to 200MHz, 26dBm,1LO
· Type2: 2PA architecture, each PA supports up to 200MHz, assumes 23dBm+23dBm, 1LO
· Type3: 2PA architecture, each PA supports up to 100MHz, assumes 26dBm+26dBm, 2LO
· Type4: 2PA architecture, each PA supports up to 100MHz, assumes 23dBm+23dBm, 2LO

Each type may have different MPR requirement considering of different PA ability and IMD. Not all architectures are valid for real implementation. We could choose 1 or 2 types for the assumption when evaluating RF requirements.
For Type1, PA design is relative complex considering Psat point, and 200MHz will introduce higher PAPR and non-linearity. Meanwhile, production issue is not easy for UE vendors to solve. Additionally, it still requires for 2PA to support MIMO on CA, it means there are always 2PA configuration if MIMO is required. High cost and complex design makes type1 a difficult choice. However, type1 only requires for 1LO for PC2 contiguous CA. The other advantage is that type1 simply and directly fall back to 23dBm and/or single carrier with 1PA. 
For Type2, it is the extension of CA PC3 2PA architecture. When transmitting power fall back to <=23dBm, only 1 PA is required. It can support CA MIMO with 26dBm. This architecture do not have much design complexity on PA, the production is friendly to UE vendors, and provide relative flexible choice for RFFE design. Additionally, 1LO is needed for type2 to support PC2 CA. it is the most flexible, cost saving, power consumption saving and function maximization architecture. 
For Type3, it requires 2 26dBm PAs and 2LO for one Band. From the total UE design perspective, it may not a good choice. We can just exclude it from consideration.

For Type4, UL MIMO is highly possible not support, i.e. 4PA is needed for UL MIMO. It requires for 2PAs for 200MHz BW with PC3 or 100MHz BW with PC2. High power consumption, the cost is not low, and waste of RF chain ability makes it a low priority choice. 
Proposal 1: use type2 architecture as the default assumption for PC2 intra-band contiguous UL CA, i.e. 2PA architecture, each PA supports up to 200MHz, assumes 23dBm+23dBm, 1LO. 
2.2 Signalling
Signalling is not easy issue for intra-band UL CA, we would like to trigger this topic from the start.

For each band combination, power class is signalled with per band combination manner. It means UE could indicate the total power class for CA_nXC per BC. 
For single carrier, power class is signalled with per band manner. We have defined following TDD bands as HPUE band, i.e. UE is possibly indicate PC2 on these bands:
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If UE indicates PC2 for contiguous UL CA, whether it is possible that UE not support PC2 on that band?

If we take it from UE architecture perspective, it is not possible. It is not reasonable reversely.

Observation 1: if UE supports PC2 for 2 contiguous CCs on Band A, it should support PC2 for single carrier on Band A. 

Proposal 2: Band set for PC2 contiguous CA is the subset of bands for PC2 single carrier.
The other issue is PA architecture signalling. For each intra-band UL CA band combination, PA architecture is indicated per BC. When power class is changed, the architecture may be changed for a certain band combination.
Proposal 3: Multiple sets of Band combination capability are indicated if PA architecture is different for power class2 and 3 for a certain intra-band combination.

2.3 RF requirements

In Rel-16, we spend a lot of time discussing on whether UL MIMO is available for intra-band UL CA. However, we don’t define CA UL MIMO requirement in TS 38.101.
In TS 36.101, no CA UL MIMO requirement is specified for EUTRA. 

For NR, CA UL MIMO could not reuse the requirement defined for SC UL MIMO or for CA non-MIMO requirement, considering the RF architecture difference.

We would like to initiate the discussion on whether we need to define CA UL MIMO RF requirement.

Proposal 4: RAN4 study whether CA UL MIMO RF requirement is specified in TS 38.101-1.
3 Conclusion

In this contribution we initial discussed on intra-band UL CA HPUE, according to the analysis, we have the following proposals: 
Proposal 1: use type2 architecture as the default assumption for PC2 intra-band contiguous UL CA, i.e. 2PA architecture, each PA supports up to 200MHz, assumes 23dBm+23dBm, 1LO. 
Observation 1: if UE supports PC2 for 2 contiguous CCs on Band A, it should support PC2 for single carrier on Band A. 

Proposal 2: Band set for PC2 contiguous CA is the subset of bands for PC2 single carrier.
Proposal 3: Multiple sets of Band combination capability are indicated if PA architecture is different for power class2 and 3 for a certain intra-band combination.

Proposal 4: RAN4 study whether CA UL MIMO RF requirement is specified in TS 38.101-1.
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