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1 Introduction
Separation class signaling is introduced for FR2 intra-band NC CA in Rel-15. In Rel-16, CA aggregated bandwidth and frequency separation is enhanced, the signaling need to be reconsidered.
This paper provides solution on separation class signaling to solve the enhancement requirement in Rel-16. 
2 Discussion
2.1 The problem on the current signaling
Separation class signaling actually is depending on UE architecture and new requirement. As discussed in the other paper for architecture [1], the principle for separation class design is discussed, it is copied as below:

· Backward compatibility shall be ensured for Rel-15 UE when signaling is enhanced: the UE real capability and implementation shall not impacted by new signaling

· The case that UL CCs’ spectrum is not identical with DL CCs’ spectrum shall be enhanced

· The new signaling shall consider multiple TRx chain RF architecture since the aggregated bandwidth is increasing in Rel-16.

· The new signaling shall not have impact on UE implementation and network configuration flexibility

So we are focus on the enhancement for two aspects mentioned above, and keep Rel-15 signaling as much as possible.
2.1.1 UL CCs’ spectrum is not identical with DL CCs’ spectrum

The case that UL CCs’ spectrum is not identical with DL can be described in Fig 1:
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Fig 1 UL CCs’ spectrum is not identical with DL 
In the last meeting, there is a discussion on whether the case exists. The trend we can see on FR2 is not only facing handheld UE or individual user, there is also market requirement on heavy uplink, e.g. big transfer data on uplink for remote surveillance. 
In the current TS 38.331, the uplink and downlink CC location and bandwidth is already support by configuration separately. It means operators can configure the CC as in Fig1 by the Rel-15 RRC control. It can be seen that Uplink and Downlink CC configuration is configured separately as below.
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Observation 1: UL CCs’ spectrum can be un-identical with DL CCs’ spectrum, operators can configure the UL and DL CCs by the current RRC control information.

Observation 2: the current separation class signaling is not applicable for the UL and DL un-identical case.

2.1.2 Multiple TRx chain RF architecture

In the last meeting, 2400MHz separation class is introduced in Rel-16. The larger frequency separation can be implemented by two kind of architectures, which is discussed in [2]. We just simply retell and make summary, and the LO part is removed since LO issue shall not be limited and has been discussed in [1].
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Fig 2. Single RF chain and multiple RF chain
Regardless of the common LO or separate LO, multiple RF chain could be used when receiving large frequency separation/aggregated bandwidth signal considering the ability on RF component, ADC and pipeline. In our understanding, all RF architecture shall be allowed and applicable to the separation class signaling. The current signaling is not applicable for multiple RF china architecture either, it can be seen in Fig 3.
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Fig 3 Subblock 2 cannot processed on one RF chain (capability mismatch between UE and network)
As shown in Fig 3, the current separation class capability is indicated assumed with 1 RF chain. 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.
Observation 3: the current separation class signaling is not applicable for multiple RF chain architecture.
2.2 Separation class signaling Solution in Rel-16
2.2.1 Solution for UL/DL spectrum un-identical
Keep the Rel-15 separation class signaling, add one integral separation class capability which is including all UL CCs , DL CCs, and the gap between them. As shown in Fig 4, the green color part is UL CCs’ spectrum and the blue color part is DL CCs’ spectrum, they are not identical that UL range is outside the DL range. Then three UE capability signaling can clearly convey the UE ability:

· Capability 1: DL separation class

· Capability 2: UL separation class

· Capability 3: aggregated/integrated separation class which comprises all UL CCs , DL CCs, and the gap between them

Where capability 1&2 is already in Rel-15 signaling framework, capability 3 is enhancement for Rel-16.
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Fig 4. Adding aggregated separation class including all UL CCs and DL CCs
Proposal 1: Adding aggregated/integrated separation class signaling which includes all UL CCs , DL CCs, and the gap between them in Rel-16.
2.2.2 Solution for multiple RF chain

For the multiple RF chain architecture, the best solution would be extending the separation class 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. 
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Fig 5. Separation class capability belongs to each chain

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)


3 Conclusion

In this contribution we discussed on the open issues on beam correspondence, according to the analysis, we have the following proposals:
Observation 1: UL CCs’ spectrum can be un-identical with DL CCs’ spectrum, operators can configure the UL and DL CCs by the current RRC control information.

Observation 2: the current separation class signaling is not applicable for the UL and DL un-identical case.

Observation 3: the current separation class signaling is not applicable for multiple RF chain architecture.
Proposal 1: Adding aggregated/integrated separation class signaling which includes all UL CCs , DL CCs, and the gap between them in Rel-16.
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)
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