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Introduction

In past few RAN4 meetings, the discussions of the UE RF requirements for non-contiguous intra-band DL CA with cumulative aggregated bandwidth larger than 1400 MHz, which is one of the objectives for Rel-16 FR2 UE RF requirements enhancement work item [1], have mostly been focused on how the extended DL frequency separation from Rel-15 can be supported by UE [2-3]. Despite adding the new frequency separation (Fs) classes from 1600 MHz up to 2400 MHz have been technically endorsed [4], the signalling aspects for the so-called DL-only frequency separation class (Fsd) have not been concluded which were captured in the approved WF in last RAN4 meeting [3]. In this contribution, we provide our views on both the signalling aspects as well as the associated UE RF requirements for supporting the extended DL frequency separation for Rel-16.                                                     
                
Discussion

In Rel-15 the FR2 frequency separation class for intra-band non-contiguous CA has been defined as the UE capability and is confined to the maximum at 1400 MHz without the provision on any particular UE architecture. The capability of UL and DL frequency separations can be signalled independently with the restriction that the smaller separation shall be within the wider separation, as shown in Figure 2-1.     




Figure 2-1 FR2 UL/DL frequency separation capability and its allocation restriction

In consideration of the fragmented spectrum allocations in FR2 where the frequency separation between the non-contiguous carriers’ frequency edges could be far wider than 1400 MHz, such as in band n260, one of the objectives in Rel-16 FR2 UE RF requirements enhancement work item [1] is to define the RF requirements for non-contiguous intra-band DL CA with cumulative aggregated bandwidth larger than 1400 MHz. Through the discussions in the past few RAN4 meetings, the working group had come to the agreement that the support of maximum frequency separation for intra-band non-contiguous DL CA in Rel-16 is up to 2400 MHz. Moreover, the proposal for introducing additional frequency separation classes from Rel-15 specifications as highlighted in Table 2-1 had also been technically endorsed in last RAN4 meeting [4]. On the other hand, a new breed of requirements such as DL-only frequency separation class (Fsd) [5] and receiver chain dependent frequency separation [6] had also been proposed, which were captured in the approved WF in last RAN4 meeting [3]. These new requirements may need additional capability signalling definitions as compared to Rel-15 frequency separation class.           
	Frequency separation class
	Frequency separation (Fs) 

	I
	Fs ≤ 800 MHz

	II
	Fs ≤ 1200 MHz

	III
	Fs ≤ 1400 MHz

	IV
	Fs ≤ 1000 MHz

	V
	Fs ≤ 1600 MHz

	VI
	Fs ≤ 1800 MHz

	VII
	Fs ≤ 2000 MHz

	VIII
	Fs ≤ 2200 MHz

	IX
	Fs ≤ 2400 MHz



Table 2-1 Rel-16 frequency separation classes as technically endorsed in RAN4 #93 meeting

It is our understanding that the new capability signalling requirements for the extended frequency separation are likely tied to certain specific UE architectures, but not limited to. For example, the introduction of the DL-only frequency separation class (Fsd) where the extended separation can only be equally added to both sides of the UL/DL common coverage range may be associated with a single wide-band receiver chain which shares a common LO with the UL. In our view, such usage scenario is quite restricted and the architecture is less likely be practically implemented as was mentioned in [5]. For example, a very probable spectrum allocation as shown in Figure 2-2 would not be supported by such UE capability for receiving CC1 and CC2 simultaneously even though its DL range (Fs + Fsd) can cover both CC1 and CC2.       




Figure 2-2 UE DL-only capability where simultaneous CC1 and CC2 reception cannot be supported 

On the other hand, for the same spectrum allocation as above, simultaneous CC1 and CC2 reception can be supported when the extended separation is added to either side of the UL/DL common coverage range, as shown in Figure 2-3. And this capability is likely tied to an architecture with two down-conversion receiver paths where one of the receiver path shares a common LO with the UL.
   



Figure 2-3 UE DL-only capability where simultaneous CC1 and CC2 reception can be supported
Observation 1: For DL-only frequency separation class (Fsd) where the extended separation can only be equally added to both sides of the UL/DL common coverage range, the usage scenario is quite restricted and the architecture is less likely be practically implemented. 

While UE RF requirements were often defined based on certain reference architectures, in our view, the DL intra-band CA cumulative bandwidth enhancement should be achieved by UE architecture improvement without introducing additional capability signalling nor increasing the complexity in network scheduling. That is to say, the principle from Rel-15 in defining the frequency separation class without the provision of any UE architecture or implementation shall be maintained. It also means that the newly introduced frequency separation class up to 2400 MHz alone should be sufficient for DL intra-band CA cumulative aggregated BW enhancement and there is no need to further introduce the so-called DL-only frequency separation class (Fsd).

With regard to the proposal for receiver chain dependent frequency separation signalling, we do not think it would really benefit UE implementation nor to the network scheduling to optimize the spectrum utilization. For example, if a UE signalled to the network that it has 3 receiver chains which support 800 MHz, 1000 MHz, and 1200 MHz respectively, network likely still may not have sufficient information to schedule the maximum DL cumulative aggregated bandwidth for the UE. On the other hand, if UE simply signals its frequency separation class (Fs) capability for both DL and UL to the network, network should be able to optimize its spectrum allocation for the UE without needing to know the number of receiver chains being implemented.

Observation 2: The receiver chain dependent frequency separation signalling would not really benefit UE implementation nor the network scheduling to optimize the spectrum utilization. 

Based on the above assessment, we arrive at the following proposal for DL intra-band CA cumulative aggregated BW enhancement.

Proposal 1: For DL intra-band CA cumulative aggregated BW enhancement, adding the new frequency separation classes up to 2400 MHz as technically endorsed in RAN4 #93 meeting is sufficient. It is not necessary to introduce additional DL-only frequency separation class (Fsd) and new signalling capability.          

From UE RF requirements point of view, to support DL frequency separation wider than 1400 MHz, the receiver likely would suffer higher sensitivity degradation regardless of the number of down-conversion paths used to receive the signal. Therefore, we propose to allow further EIS relaxations (> 0.5 dB) in the frequency ranges of (> 1400 MHz and ≤ 2000 MHz) and (> 2000 MHz and ≤ 2400 MHz).

Observation 3: To support DL frequency separation wider than 1400 MHz, the receiver likely would suffer higher sensitivity degradation regardless of the number of down-conversion paths used to receive the signal.

Proposal 2: Rel-16 RIB EIS relaxation requirement is revised as in the table below to support DL intra-band non-contiguous CA with cumulative aggregated bandwidth > 1400 MHz and up to 2400 MHz.

	Cumulative Aggregated Channel BW (MHz)
	ΔRIB (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2000
	TBD

	> 2000 and ≤ 2400
	TBD



The enhancement of DL cumulative aggregated channel BW may also imply higher MPR needed based on certain UE implementation as had been considered in Rel-15. Therefore, we propose to add one more requirement in the MPR table to reflect the DL frequency separation extension from 1400 MHz to 2400 MHz where the MPR values are TBD.

Proposal 3: Rel-16 MPR requirements for CA are revised as in the table below (PC3 used as example) to support DL intra-band non-contiguous CA with cumulative aggregated bandwidth > 1400 MHz and up to 2400 MHz.

	
	Cumulative aggregated bandwidth configuration

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]
	TBD

	
	QPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]
	TBD

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.3]
	TBD

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]
	TBD

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 7.5
	≤ [8.0]
	TBD

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.2]
	TBD

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]
	TBD

	NOTE 1:	(Void).


                      
Conclusion

In this contribution, we provide our views on both the signalling aspects as well as the associated UE RF requirements for supporting the extended DL frequency separation for Rel-16.      
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