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

· EIS relaxation framework 

· Beam squint

In which, EIS relaxation and beam squint can be discussed together considering EIS relaxation could be one part of beam squint.
This paper provides further proposal on intra-band DL NC CA which is focus on the issue related to DL-only spectrum. 
2 Discussion
2.1 Definition on DL-only spectrum
In the last meeting discussion, the agreement in WF[1] was repeat highlighted that RAN4 agrees to introduce DL-only spectrum. Before deciding on the new characteristic of the FR2 spectrum, we provide some analysis on the enhanced DL CA.

When we consider of DL-only spectrum, the general understanding is the imbalance of UL and DL spectrum enhancement, where the separation class is extended to 2400MHz, while the UL separation class is kept in 1400MHz. There is a difference of 1000MHz for UL and DL. However, it doesn’t mean that the 1000MHz spectrum cannot be used for UL!! It only means the 1400MHz(maximum UL separation) and 1000MHz(separation difference between UL and DL) spectrum cannot used for UL simultaneously. As shown in Fig 1, we depict the difference between DL-only and separation class imbalance of UL and DL.
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Fig 1A: UL separation class=1400MHz, DL separation class=2400MHz, No DL-only spectrum limitation
As shown in Fig 1A, this UE can support UL separation class with 1400MHz, DL separation class with 2400MHz, but there is no limitation on DL-only spectrum, all the spectrum can be used for UL since its UL LO can be shifted to any position it needs to be.
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Fig 1B. UL separation class=1400MHz, DL separation class=2400MHz, with DL-only spectrum limitation
As shown in Fig 1B, there is spectrum part marked with purple gridline, it can be only used for DL CCs since UL LO cannot shift into this spectrum region, which is limited by UE RF architecture.

We do understand the complexity on supporting large separation and the compromise between cost, size and consumption. But we would like to keep the possibility for UEs which have no limitation on the spectrum usage. 
Observation 1：For UEs have no limitation on spectrum usage, all the spectrum can be used for UL since its UL LO can be shifted to any position it needs to be.
Observation 2: For UEs with limitation on spectrum usage, some part of the supported spectrum can be only used for DL CCs.
Although we agree to introduce the concept of DL-only spectrum for UEs have implementation limitation, we should not exclude UEs with no limitation on spectrum usage.
Proposal 1: RAN4 should not exclude the UE type that have no limitation on spectrum usage in Rel-16.
2.2 Signalling for intra-band DL NC CA enhancement
For DL-only spectrum limitation, 2 options were provided:
· One sided: one common part for both UL and DL which is identical for UL and DL, one DL-only part only for DL spectrum
· Two sided: one common part for both UL and DL which is identical for UL and DL, two DL-only parts only for DL spectrum which is equally on each side
We already provide the big limitation on deployment if UE can only support two sided DL-only spectrum, we summarize as below:

1. 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/3CC DL.

2. For configurations with even number DL CCs and UL CCs, odd number DL CCs and UL CCs, UL CCs can only be placed in the center of DL CCs

3. Lead to high risk that big interference fall into the receiver as shown in Fig 1
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Fig 1. Drawbacks of two sided DL only spectrum

4. Backward compatibility: Rel-15 BS cannot understand Rel-16 UE signalling, it will cause only UL/DL common part can be used.
Proposal 2: two sided DL only spectrum shall be dropped from Rel-16.

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

Observation 3: one sided DL-only spectrum UE capability also have deployment/configuration limitation for network/operators.
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.
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Fig 4. The DL-only spectrum should be more general which follow the definition in TS 38.331

Proposal 3: 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.
Hence, there are 2 kinds configuration can be used for intra-band DL NC CA enhancement in Rel-16, which are:
· No limitation on spectrum usage

· General design for DL-only spectrum with one sided
The Question would be whether a single bit can be used to indicate configuration supported by UE? The answer is No: For DL-only spectrum, actually there could be a gap between common part and DL-only part as shown in Fig 4. Then 2 separate separation classes shall be indicated to the network which represents common part for both UL and DL are supported by chain1(or hardware set 1), and DL-only part is supported by chain 2(or hardware set 2). The example indication is provided as below:
FeatureSetDownlink:{

intraBandFreqSeparationDLList{

Value1: separation class for chain 1

Value2: separation class for chain 2}

DL-only limitation{Yes, No}

}
FeatureSetUplink:{

intraBandFreqSeparationUL{

Value3: separation class for chain 1}

}

Proposal 4: separation class signaling shall be enhanced with following 2 aspects:

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

· Extending separation class into a separationclass List in Rel-16, each separation class value belongs to each chain(hardware set).
3 Conclusion

In this contribution we discussed on the open issues on intra-band non-contiguous DL CA, according to the analysis, we have the following proposals:
Observation 1：For UEs have no limitation on spectrum usage, all the spectrum can be used for UL since its UL LO can be shifted to any position it needs to be.
Observation 2: For UEs with limitation on spectrum usage, some part of the supported spectrum can be only used for DL CCs.
Proposal 1: RAN4 should not exclude the UE type that have no limitation on spectrum usage in Rel-16.
Proposal 2: two sided DL only spectrum shall be dropped from Rel-16.

Observation 3: one sided DL-only spectrum UE capability also have deployment/configuration limitation for network/operators.

Proposal 3: 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 4: separation class signaling shall be enhanced with following 2 aspects:

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

· Extending separation class into a separationclass List in Rel-16, each separation class value belongs to each chain(hardware set).
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