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Introduction
FR2 CA enhancements have been discussed for two meetings. But one of enhancements – inter-band UL CA has not been reached any agreement yet. In this contribution, we present our view on inter-band UL CA to facilitate the discussion.
Discussion 
The approved WID in [1] includes one work item to study inter-band UL CA for Rel-16. · FR2 UE requirements for contiguous intra-band DL CA for aggregated bandwidth larger than 1400 MHz
· FR2 UE requirements for non-contiguous intra-DL CA for aggregated bandwidth larger than 1400 MHz 
· FR2 UE requirements for contiguous UL CA
· FR2 UE requirements for non-contiguous intra-band UL CA  
· Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and  non-simultaneous transmission on aggregated UL carriers with UE switching between two non-contiguous carriers could and should be specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications
· Phase 2: Define FR2 UE requirements for non-contiguous intra-band UL CA based on the outcome of the Phase 1 study
· FR2 UE requirements for inter-band DL CA
· FR2 UE requirements for inter-band UL CA
· Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and  non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers could and should be specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications
· Phase 2: Define FR2 UE requirements for inter-band UL CA based on the outcome of the Phase 1 study



Since there are only two meeting left (including this meeting) to finish this WID, we have to finish Phase 1 as much as we can in this meeting. 

In Phase 1, the following operations for inter-band UL CA
1) Simultaneous UE transmission on aggregated UL carriers
2) Non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers
should be studied to see if both could and should be specified.

It is our understanding that 
1) Simultaneous UE transmission on aggregated UL carriers means all configured UL CCs in two bands should be transmitted at the same time.
2) Non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers means at given time, only UL transmission within one band is supported. 

In the following discussions, we start with BB perspective and conclude non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers (should be two bands?) could be reasonable than simultaneous transmission. Furthermore, we discuss the reference architectures and corresponding requirements strongly rely on different applications.
For intra-band DL CA, we just had a WF agreed in last meeting [2]. · All DL CCs in the CA configuration shall have the same AoA at the UE
· The UE’s DL coverage spectrum capability shall be contiguous (no gaps)
· DL CCs can be non-contiguous however
· UE’s UL coverage spectrum capability <= UE’s DL coverage spectrum capability, per TS38.101-2, v15.7
· Operators are encouraged to clarify this restriction for rel-16
· Rel-16 enhancement feature is definition of UE capability to support DL-only coverage spectrum for the case that the overall DL coverage is wider than 1400 MHz
· Enhancement is in addition to common UL+DL coverage spectrum of UE carried over from rel-15
· Rel-15 CA signaling framework shall be retained for Rel-16
· Additional signaling for enhancement feature description to network is FFS
· RAN4 will introduce at least one new frequency separation class of 2400 MHz
· ‘Coverage Spectrum’ here means the range of UL or DL frequencies that can be populated with an UL or DL CC in CA mode



In the WF, the highlighted bullets have implications that for intra-band UL CA the spectrum is only confined within common UL + DL coverage spectrum of UE carried over from Rel-15 with frequency separation  1400MHz. The enhancement part is DL only.  

There was also an agreement reached in RAN4#92 for intra-band NC UL CA, and captured in chairman note [3]:

· Agreement: For simultaneous transmission, frequency separation is up to 1400MHz.

Both WF and agreement above mean UE’s BB capability for UL intra-band NC CA is only required to process UL aggregated BW less than 1400MHz, the exact maximum UL aggregated BW is still TBD. In general, if there are more UL spectrum available, UE needs to have larger BB processing capability such that it can handle larger UL aggregated BW.

Observation 1:  UE’s BB processing capability supporting UL intra-band NC CA is only required to process UL aggregated BW less than 1400MHz based on agreements in [2-3], the exact UL maximum aggregated BW is still TBD.

The following agreement in the WF on inter-band DL CA [4] requires intra-band CA to be a constituent of inter-band CA.

· The number of bands is assumed to be two for the inter-band CA WI, and the intra-band CA+ inter-band CA is also included in the scope of inter-band CA WI .


Due to limitation of BB UL processing capability, UE may not able to support simultaneous transmission on two UL bands in inter-band UL CA if sum of UL aggregated BW exceeds this BB capability.

Observation 2: Due to limitation of BB UL processing capability designed to meet intra-band CA requirements, UE may not able to support simultaneous transmission on two UL bands in inter-band UL CA if sum of UL aggregated BW exceeds this BB capability.

One may think UE could be designed to support simultaneous transmission on aggregated UL carriers across two bands by doubling BB UL processing capability and adding corresponding UL RF capability, i.e. to support each band with common UL + DL coverage spectrum from Rel-15, perhaps we can ignore DL only spectrum in intra-band CA within each band since supporting DL only spectrum in each band in inter-band CA requires extremely high complexity in both BB and RF. In such case, the comparison of possible architectures between intra-band CA and inter-band CA is shown below.




Figure 1 Possible architecture for intra-band CA and inter-band CA

For inter-band CA, in order to support both bands with simultaneous DL + UL with UL supporting potential maximum aggregated BW across two bands, the highlighted blocks in inter-band CA case need to be added or modified. It can be seen that at least BB processing capability needs to be doubled assuming both bands have the same maximum aggregated BW and both bands need to have UL RF chains. If UE can support inter-band CA shown on right hand side, it could be easily to support intra-band CA with full DL+UL on entire downlink spectrum with frequency separation = 2400MHz on both UL and DL. This will make current intra-band CA agreement somewhat unnecessary. 

Observation 3: If UE can support simultaneous transmission on aggregated UL carriers across two bands in inter-band CA, the agreement to limit frequency separation up to 1400MHz for simultaneous intra-band NC UL CA become unnecessary.

Based on discussion above, we have following observation.

Observation 4: If UE design supports intra-band UL transmission on the common UL+DL spectrum only, non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers for inter-band UL CA seems more reasonable. 

But there are pros and Cons for different architectures and different architectures may have different use cases and requirements. The following table provides comparison on different architectures. Please note the shown architectures are not exclusive, just for discussion purpose.
 
	FR2 CA
	Intra-band CA
	Inter-band CA 
28G + 39G 
	Inter-band CA
28G + 39G

	Architecture
	one DL only spectrum (1400MHz) + one DL+UL common (1400M) spectrum
	one DL spectrum (1400MHz) in each band + one UL spectrum (1400MHz) switching btw bands
	one DL+UL common (1400MHz) spectrum in each band, (possible one additional DL only spectrum supported in each band -> full feature of intra-band CA)

	Complexity 
	low
	low (could be a little bit higher due to switching)
	high (much higher)

	UL switching 
	no
	[bookmark: _GoBack]yes, with switching delay penalty. But when UL switched, corresponding DL should also need to be switched due to that UL and DL share the same LO. The impact is not clear yet. 
	no

	Throughput 
	DL > UL
	DL> UL 
	DL  UL (DL> UL)

	power consumption
	normal
	normal
	high

	application (use case)
	smart phone
	smart phone
	Fixed wireless, V2X




This comparison show that different application could have different architectures and corresponding requirements. Without knowing detail applications, there are difficulties to determine reference architectures and corresponding requirements.

Observation 5: FR2 CA reference architectures and corresponding requirements strongly rely on its application. Without knowing detail applications, there are difficulties to determine architecture and corresponding requirements.

Conclusion
We start with BB processing capability discussion and then extend to comparison of different applications. It could be more beneficial to discuss reference architecture and requirements based different applications. We have following observations.

Observation 1:  UE’s BB processing capability supporting UL intra-band NC CA is only required to process UL aggregated BW less than 1400MHz based on agreements in [2-3], the exact UL maximum aggregated BW is still TBD.

Observation 2: Due to limitation of BB UL processing capability designed to meet intra-band CA requirements, UE may not able to support simultaneous transmission on two UL bands in inter-band UL CA if sum of UL aggregated BW exceeds this BB capability.

Observation 3: If UE can support simultaneous transmission on aggregated UL carriers across two bands in inter-band CA, the agreement to limit frequency separation up to 1400MHz for simultaneous intra-band NC UL CA become unnecessary.

Observation 4: If UE design supports intra-band UL transmission on the common UL+DL spectrum only, non-simultaneous transmission on aggregated UL carriers with UE switching between two carriers for inter-band UL CA seems more reasonable. 

Observation 5: FR2 CA reference architectures and corresponding requirements strongly rely on its application. Without knowing detail applications, there are difficulties to determine architecture and corresponding requirements.
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