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1 Introduction
During RAN4 #94bis-e meeting, FR2 intra-band DL non-contiguous CA was under discussion on several issues:
· DL-only spectrum

· EIS relaxation framework 

· Beam squint

In which, beam squint can be discussed as a separate topic, this paper provides further proposal on intra-band DL NC CA which is focus on the issue related to DL-only spectrum and EIS relaxation. 
2 Discussion
2.1 Whether gap is allowed between DL-only spectrum and bidirectional spectrum?

One sided DL-only spectrum actually is used for multiple receiving chain for DL NC CA. As shown in Fig 2, receiving chain 1 covers frequency spectrum 1, receiving chain 2 covers frequency spectrum 2. Where frequency spectrum 1 are with CC0 and CC1 both UL and DL, frequency spectrum 2 are with CC2 and CC3 for only DL. Receiving chain 1 covers frequency spectrum 1, share LO1 with Tx chain. Receiving chain 2 covers frequency spectrum 2, separately use LO2.
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Fig 1. One sided DL-only spectrum and implementation on receiving chain, LO position

Actually, one sided DL-only spectrum could be more general which do not have much limitation on network deployment or configuration. Firstly, the common part for UL and DL should be allowed unequal as shown in Fig 4. In TS 38.331, separation class is indicated separately for UL and DL, it is allowed that UL and DL separation class are not equal with each other. The principle should be followed for DL-only concept in Rel-16.


[image: image3]
Fig 2. The DL-only spectrum should be more general which follow the definition in TS 38.331

Proposal 1: one sided DL only spectrum should be more general which follow the definition in TS 38.331, the common part for both UL and DL can be unequal on the separation class indication.
As shown in Fig 2, frequency gap between DL-only spectrum and bidirectional spectrum was discussed in the last meeting. Technically, considering 2 receiving path support bidirectional spectrum and DL-only spectrum separately, actually the gap between them will have no impact on implementation. And allowing the gap will give the flexibility on gNB configuration, separation span larger than indicated separation class(Fs)+DL-only separation(Fsd) could be configured.
Furthermore, in the current TS 38.101-2 NC CA configuration, aggregated channel bandwidth equal to 2400MHz is defined as below:
Table 5.5A.2-1: NR CA configurations with single CA bandwidth class defined for intra-band non-contiguous CA
	NR CA configuration / Bandwidth combination set

	NR configuration
	Uplink CA configurations
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	Sub-block
	(BWChannel,block) (MHz)
	BCS

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA_n257(2A)
	-
	n257A
	n257A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	800
	0

	CA_n258(2A)
	-
	n258A
	n258A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0

	CA_n258(3A)
	-
	n258A
	n258A
	n258A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0

	CA_n258(4A)
	-
	n258A
	n258A
	n258A
	n258A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0

	CA_n258(5A)
	-
	n258A
	n258A
	n258A
	n258A
	n258A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0

	CA_n260(2A)
	-
	n260A
	n260A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	800
	0

	CA_n260(3A)
	-
	n260A
	n260A
	n260A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1200
	0

	CA_n260(4A)
	-
	n260A
	n260A
	n260A
	n260A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1600
	0

	CA_n260(5A)
	-
	n260A
	n260A
	n260A
	n260A
	n260A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2000
	0

	CA_n260(6A)
	-
	n260A
	n260A
	n260A
	n260A
	n260A
	n260A
	 
	 
	 
	 
	 
	 
	 
	 
	2400
	0


From the configuration already specified, frequency gap between DL-only spectrum and bidirectional spectrum should be allowed.

Proposal 2: frequency gap between DL-only spectrum and bidirectional spectrum should be allowed.
2.2 UE capability on separation class
According to analysis above, 2 new signaling need to be introduced for intra-band DL NC CA:

1. Indicate Whether UE need DL-only spectrum limitation? 

2. If UE have DL-only limitation, need to Indicate the DL-only separation class supported by complementary receiving chain

· If UE don’t have DL-only limitation, no need to indicate DL-only separation class

The example indication is provided as below:
FeatureSetDownlink:{

intraBandFreqSeparationDLList{

Value1: separation class for chain 1 which support bidirectional spectrum
Value2: separation class for DL-only spectrum supported by complementary chain}

DL-only limitation{Yes, No}

}
FeatureSetUplink:{

intraBandFreqSeparationUL{

Value3: UL separation class}

}

Proposal 3: separation class signaling shall be enhanced with following 2 aspects:

· 1 bit to indicate whether there is DL-only spectrum limitation

· If UE have DL-only limitation, need to Indicate the DL-only separation class supported by complementary receiving chain
For separation class definition, considering the limitation on Fs+Fsd≤ 2400MHz, and Fs starts from 800MHz, it was proposed by [1] to define Fsd as {200, 400, 600,800,1000}, which ensures 200+2200=400+2000=600+1800=800+1600=1000+1400=2400MHz. for Fs<1400MHz, there is no matching Fsd to ensure the 2400MHz upper limit. So we propose to define more separation class level, which can be more flexible on UE implementation on allocating bandwidth on 2 receiving chain.
Proposal 4: RAN4 define separation class and DL-only separation class as below:

Frequency separation classes for non-contiguous intra-band operation
	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

	X
	Fs ≤ 400 MHz

	XI
	Fs ≤ 600 MHz

	NOTE 1: Fs values larger than 1400 MHz apply only to downlink frequency separation.


Frequency separation classes for DL-only spectrum 

	Frequency separation class
	Frequency separation (Fsd)

	I
	Fsd ≤ 200 MHz

	II
	Fsd ≤ 400 MHz

	III
	Fsd ≤ 600 MHz

	IV
	Fsd ≤ 800 MHz

	V
	Fsd ≤ 1000 MHz

	VI
	Fsd ≤ 1200 MHz

	VII
	Fsd ≤ 1400 MHz

	VIII
	Fsd ≤ 1600 MHz

	IX
	Fsd ≤ 1800 MHz

	X
	Fsd ≤ 2000 MHz


3 Conclusion

In this contribution we discussed on the open issues on FR2 intra-band DL NC CA, according to the analysis, we have the following proposals:
Proposal 1: one sided DL only spectrum should be more general which follow the definition in TS 38.331, the common part for both UL and DL can be unequal on the separation class indication.
Proposal 2: frequency gap between DL-only spectrum and bidirectional spectrum should be allowed.
Proposal 3: separation class signaling shall be enhanced with following 2 aspects:

· 1 bit to indicate whether there is DL-only spectrum limitation

· If UE have DL-only limitation, need to Indicate the DL-only separation class supported by complementary receiving chain
Proposal 4: RAN4 define separation class and DL-only separation class as below:

Frequency separation classes for non-contiguous intra-band operation
	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

	X
	Fs ≤ 400 MHz

	XI
	Fs ≤ 600 MHz

	NOTE 1: Fs values larger than 1400 MHz apply only to downlink frequency separation.


Frequency separation classes for DL-only spectrum 

	Frequency separation class
	Frequency separation (Fsd)

	I
	Fsd ≤ 200 MHz

	II
	Fsd ≤ 400 MHz

	III
	Fsd ≤ 600 MHz

	IV
	Fsd ≤ 800 MHz

	V
	Fsd ≤ 1000 MHz

	VI
	Fsd ≤ 1200 MHz

	VII
	Fsd ≤ 1400 MHz

	VIII
	Fsd ≤ 1600 MHz

	IX
	Fsd ≤ 1800 MHz

	X
	Fsd ≤ 2000 MHz
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