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Introduction
For intra-band DL CA, although there was no agreement reached during RAN4#94Bis e-meeting, but after the extensive e-mail discussions during the meeting, some consensuses were formed among companies. The following refined wording under joint efforts from interested companies can well reflect the common understanding.  
Bidirectional spectrum is the width of UE frequency spectrum available to the network to configure both, DL CC(s) and UL CC(s). Frequency separation class (Fs) specified in Table 5.3A.4-2 indicates the maximum frequency span between lower edge of lowest component carrier and upper edge of highest component carrier that UE can support per band in downlink or uplink (DL FS or UL FS) respectively in non-contiguous intra-band operation within the bidirectional spectrum.
DL-only spectrum is the width of UE frequency spectrum available to the network to configure DL CC(s) but not UL CC(s). Frequency separation class for DL-only spectrum (Fsd) is declared per band, and is specified in Table 5.3A.4-3. The DL-only frequency spectrum extends on one-side relative to the bidirectional spectrum, with no frequency-gap between the two. The frequency separation class for DL-only spectrum (Fsd) can be equal to but not larger than the DL frequency separation (DL Fs). The combined downlink spectrum (DL Fs + Fsd) cannot exceed 2400 MHz.



The key takeaways are:
1) DL only spectrum Fsd is “stitched” to bidirectional spectrum Fs on one side (without the gap).
2) Within bidirectional spectrum Fs, DL Fs = Fs, while UL Fs is independently signaled and UL Fs  ≤ Fs. 
3) Fs ≥ Fsd
4) Fs + Fsd ≤ 2400MHz

While regarding the CC and gap arrangements in DL and UL spectrums, there are still some different understandings among the companies. In this contribution, we present our understanding about DL and UL spectrum usages, in other words, the gap and CC allocations in DL spectrum (DL only + bidirectional) and UL spectrum. RAN4 should reach consensus on what DL CC allocations are supported.
Discussion 
UL spectrum is the frequency range within which UL CCs are confined. All UL CCs should be assigned within UL spectrum. No any part of CC bandwidth including guard bands can be outside of UL spectrum. In our understanding, UL spectrum has to be the same with bidirectional spectrum. Otherwise, if there is some portion of bidirectional spectrum is not covered by UL spectrum, then this port of spectrum is DL only and bidirectional spectrum is self-contradicted by its definition. 

Observation 1: UL spectrum is the frequency range within which UL CCs are confined. UL spectrum is the same with bidirectional spectrum.

The width of bidirectional spectrum is specified by Fs. In our understanding, Fs = DL Fs. It is also the width of UL spectrum by observation 1. But it doesn’t mean UL frequency separation (UL Fs) has to be Fs. UL Fs is separately signalled with DL frequency separation class (DL Fs), that means UL frequency separation can be less than Fs.  Frequency separation is maximum instantaneous RF bandwidth UE can support. When a UE’s UL Fs < Fs  = DL Fs, such UE has restriction on UL CCs allocations such that configured UL CCs shall be within bandwidth of UL frequency separation class it declares.  Since gNB can allocate such restricted UL CCs within anywhere in UL spectrum, such UE needs to have a dedicated UL LO for Tx tuning separated with DL LO(s). See the illustration in Figure 1. 




Figure 1 Separate UL LO is needed when UL Fs < DL Fs


If UL has dedicated LO, then UL Fs can be tuned anyway. DL only spectrum seems no longer needed, Fsd may take 0 MHz. See Figure 2.







Figure 2 When UL Fs < DL Fs, then Fsd can be 0





Observation 2: UL CCs are strictly confined within UL spectrum, with additional UL frequency separatin class (UL Fs) restriction.

Observation 3: When UL Fs < DL Fs, DL only spectrum seems no longer needed.


Now for UEs supporting DL only spectrum with Fsd >0, how are DL CCs allocated in DL spectrum (Fsd + Fs)? The fundamental question is if a gap between CCs is needed at the boundary between DL only spectrum and bidirectional spectrum when the UE Rx architecture uses separate Rx chains (LO + LPF + ADC) to cover Fsd and Fs separately. The discussion was captured in thread summary [1]. But no conclusion was drawn.

There are two scenarios under consideration, see Figure 3.
1) No restriction on DL CC allocations, i.e. a DL CC can be allocated such that boundary is within this DL CC.
2) Impose restriction on DL CC allocations. i.e. a DL CC is not allowed to be scheduled across boundary.  This includes the following two cases.
		a) Schedule a gap containing this boundary
     		b) Boundary is aligned with CC edge(s)


[image: ]


The difference between scenario 1 and scenario 2 (including 2a and 2b) lies in UE’s actual capture bandwidth of Rx chain for Fsd and capture bandwidth of Rx chain for Fs. The actual capture bandwidth requirements for scenario 1 and 2a and 2b are listed in Table 1.

Table 1  Actual Rx bandwidth for Fsd and Fs (Assume CBW = 400MHz is supported)
	
	Actual Rx bandwidth for Fsd
	Actual Rx bandwidth for Fs

	Scenario 1
	Fsd + 200MHz
	Fs + 200MHz

	
	Fsd
	Fs + 400MHz

	
	Fsd + 400MHz
	Fs

	Scenario 2a
	Fsd
	Fs

	Scenario 2b
	Fsd
	Fs




In scenario 1, in order to capture the CC across the boundary of DL spectrum and bidirectional spectrum, three option 3 are listed. Each option needs larger actual Rx bandwidth either from DL only spectrum or bidirectional spectrum or both. While in scenario 2, since there is no CC across the boundary, there is no need to increase the actual Rx bandwidth for both spectrums beyond Fsd and Fs respectively. But option 2 needs to impose scheduling restriction from scheduler.  RAN4 should clarify if there is such restriction on CC allocations.

Proposal 1: RAN4 needs to clarify if a DL CC is allowed to be scheduled across the boundary of DL only spectrum and bidirectional spectrum for intra-band DL CA.

Conclusion
We provide our understanding about the Rx instantaneous capture bandwidth requirements for Fsd and Fs when UE implements split Rx chains. DL CC allocations affect the UE implementations. We think RAN4 should clarify if there is a DL CC allocation restriction over the boundary of DL only spectrum and bidirectional spectrum.

Proposal 1: RAN4 needs to clarify if a DL CC is allowed to be scheduled across the boundary of DL only spectrum and bidirectional spectrum for intra-band DL CA.
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