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1 Introduction
During RAN4 #93 meeting, WF[1] was approved on DL separation class extension and captures the discussion on DL-only frequency spectrum:
	· For Rel-16, extend the frequency separation class definition to include the following values for frequency separation ‘Fs’: {800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400} MHz

· Fs values > 1400 MHz apply to downlink frequency separation only

· The signaling for DL-only frequency spectrum can be defined as below:

· Alt1: Introduce a new DL-only frequency separation class, ‘Fsd’, such that:

· A UE which has no restriction on the placement of UL coverage spectrum within the DL coverage spectrum does not signal this parameter

· A UE which needs to restrict the placement of UL coverage spectrum within the DL coverage spectrum signals Fs and also signals Fsd

· The following values for Fsd shall be used: {200, 400, 600, 800, 1000} MHz

· Alt2: Per RF chain reporting of Fs

· The spectrum covered by the DL-only frequency separation shall be located relative to bidirectional spectrum(*) in one of two configurations:

· Extends on one side

· Extends equally on both sides, half on each side

· FFS if both-sided DL-only spectrum can be dropped for rel-16.

· Single bit can be used to indicate configuration if both possibilities retained

· Total DL frequency Fs+Fsd <= 2400 MHz, where Fs >= Fsd


This paper provides analysis on intra-band DL NC CA for FR2. 
2 Discussion
2.1 Two sided DL-only spectrum 
Two sided DL-only spectrum will bring big limitation on network configuration. 

Firstly, it cannot support all the configurations with even number DL CCs and odd number UL CC configurations, odd number DL CCs and even UL CCs, e.g. 1CC UL/2CC DL, 1CC UL/4CC DL, 2CCs UL/3 CCs DL. It apparently is out of logic for CA feature, how many CCs can be deployed and configured depends on the operator’s spectrum, but this two sided DL-only spectrum even have limitation on spectrum holding.
Secondly, for configurations with even number DL CCs and UL CC, odd number DL CCs and UL CC, UL CCs can only be placed in the center of DL CCs. 
Thirdly, Waste of UE chain processing ability: as shown in Fig1, when the left side of the DL Δf is not in the operator spectrum, the left DL Δf chain processing ability cannot be used for receiving the wanted signal. Unfortunately, it will cause the risk on let big interference into the receiver.

Lastly, backward compatibility: Rel-15 BS cannot understand Rel-16 UE signalling, it will cause only UL/DL common part can be used. It will have impact the whole FR2 system.
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Fig 1. Drawbacks of two sided DL only spectrum

Proposal 1: two sided DL only spectrum shall be dropped. 
2.2 One sided DL-only 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 2. One sided DL-only spectrum and implementation on receiving chain, LO position
When focus on frequency spectrum 1, actually it is a minimized/particular two sided spectrum with equal UL and DL separation span since it also share the LO for UL and DL. Assuming operator’s spectrum holding (may considering of some emission limitation on the band edge side) is as in Fig 3 that UL spectrum is positioned at the center of the DL spectrum, the one sided DL only capability UE will have limitation on supporting this spectrum structure. One sided UE can only use receiving chain 1 on CC1 and CC2, then receiving chain 2 can only be used for CC0 or CC3. There would be 1 DL CC lost.
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Fig 3. One-sided DL only also cause limitation on spectrum position

Additionally, backward compatibility problem also exist for one sided spectrum: Rel-15 BS cannot understand Rel-16 UE signalling, it will cause only UL/DL common part can be used. It will have impact the whole FR2 system.

Observation 1: one sided DL-only spectrum UE capability also have deployment/configuration limitation for network/operators.

However, we do understand the implementation difficulties on separation span, and RAN4 already have the agreements on DL separation class extending to 2400MHz and UL separation class up to 1400MHz, it is not symmetric which coming from both deployment and implementation consideration. We have observed that both two-sided and one-sided DL only spectrum capability have inevitable deployment limitation, and in fact there is implementation solution for this problem, then there would be no limitation on spectrum position.
As shown in Fig 4, if LO is separately used for UL and DL, there would be no limitation on the spectrum position limitation for operators or network side, since UL chain could adjust the LO which only follows UL CCs position.
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Fig 4. No limitation on spectrum position with separate LO on UL and DL

Observation 2: there is RF solution for the problem of spectrum position limitation.

Looking back to the one sided DL-only spectrum, we are open to this issue if operators think that there is few scenario as in Fig 3. However, regardless of the different RF solutions on LO position, we also observed that DL spectrum span may need up to 2 receiving chain supporting 2400MHz span (which already in the spec). In fact, one sided DL-only spectrum can be only served for multi receiving chains architecture.
Observation 3: one sided DL-only spectrum can be only served for multi receiving chains architecture.

If we are introducing one sided DL-only spectrum in Rel-16, the current signaling is not applicable, separation class reporting per chain shall be specified. It is because the current separation class capability is indicated assumed with 1 RF chain. As shown in Fig 5, If UE wants to process the whole frequency separation with multiple RF chain, there is possibility that subblock 2 cannot processed on one RF chain since the frequency separation ability on each chain is not known by the network.


[image: image7]
Fig 5 Subblock 2 cannot processed on one RF chain (capability mismatch between UE and network)

As shown in Fig 6, if the network can get the information on separation class capability UE can support on each chain, the network can configure the subblocks according to the information. For example, Subblock1 and subblock2 can be configured for chain 1, and subblock 3 can be configured for chain 2. Therefore, the gap between the subblock2 and subblock 3 can be ignored since UE do not need to process on the gap part.
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Fig 6. Separation class capability belongs to each chain

As shown in Fig 5, if the network can get the information on separation class capability UE can support on each chain, the network can configure the subblocks according to the information. For example, Subblock1 and subblock2 can be configured for chain 1, and subblock 3 can be configured for chain 2. Therefore, the gap between the subblock2 and subblock 3 can be ignored since UE do not need to process on the gap part. 
So the separation class can be extend to sequence style which actually convey the separation class capability for each chain as an array, it can be described as below:

SeparationclassList: (1, maxNrofFreqSeparationSet)
Where maxNrofFreqSeparationSet is the RF chain number. 

In the separationclassList, each separation class value belongs to each chain can be indicated as:

	FreqsSeparationSet 
	Separation class capability belongs to each chain

	1
	One of Class(I,II,III,IX)

	2
	One Class(I,II,III,IX)


Proposal 2: Extending separation class into a List in Rel-16, each separation class value belongs to each chain. The List can be described as below:

	FreqsSeparationSet 
	Separation class capability belongs to each chain

	1
	One of separation Class(I,II,III,IX)

	2
	One of separation Class(I,II,III,IX)

	…
	

	maxNrofFreqSeparationSet
	One of separation Class(I,II,III,IX)


However, there is proposal from one company that “ A UE which needs to restrict the placement of UL coverage spectrum within the DL coverage spectrum signals Fs and also signals Fsd”, Actually, it represents the similar meaning of our proposal, where Fs represents the capability for the 1st chain, and Fsd represents the capability for the 2nd chain. But their proposal add the limitation that this Fsd must be one sided or two sided, while our proposal don’t have any limitation. It can serve for all RF architectures regardless of the LO position.
Proposal 3: considering potential limitation on the FR2 deployment, we prefer there is no limitation on the DL-only  spectrum position, one-sided or two-sided or un-symmetrically two sided shall be mandatory supported by the UE.
3 Conclusion

In this contribution we discussed on the open issues on intra-band non-contiguous DL CA for FR2, according to the analysis, we have the following observations and proposals:
Proposal 1: two sided DL only spectrum shall be dropped. 
Observation 1: one sided DL-only spectrum UE capability also have deployment/configuration limitation for network/operators.

Observation 2: there is RF solution for the problem of spectrum position limitation.

Observation 3: one sided DL-only spectrum can be only served for multi receiving chains architecture.

Proposal 2: Extending separation class into a List in Rel-16, each separation class value belongs to each chain. The List can be described as below:

	FreqsSeparationSet 
	Separation class capability belongs to each chain

	1
	One of separation Class(I,II,III,IX)

	2
	One of separation Class(I,II,III,IX)

	…
	

	maxNrofFreqSeparationSet
	One of separation Class(I,II,III,IX)


Proposal 3: considering potential limitation on the FR2 deployment, we prefer there is no limitation on the DL-only  spectrum position, both one-sided or two-sided or un-symmetrically two sided shall be supported.
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