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1
Introduction

The enhancement for intra-band DL CA for FR2 has been discussed for the WI on NR RF requirements for FR2 [1]. It was agreed that the scope of the frequency separation is to support 2400 MHz in RAN4#92 [2]. 
· Rel. 16 DL CA requirements support 2400MHz frequency separation as an optional by covering 2400MHz frequency separation in all dependent requirements in TS38.101-2. 

· The introduction of other frequency separation is not precluded. 

· Singlaing mechanism is FFS.

Further, in RAN4#92bis the following way-forward was agreed [3].
· All DL CCs in the CA configuration shall have the same AoA at the UE

· The UE’s DL coverage spectrum capability shall be contiguous (no gaps)

· DL CCs can be non-contiguous however

· UE’s UL coverage spectrum capability <= UE’s DL coverage spectrum capability, per TS38.101-2, v15.7

· Operators are encouraged to clarify this restriction for rel-16

· Rel-16 enhancement feature is definition of UE capability to support DL-only coverage spectrum for the case that the overall DL coverage is wider than 1400 MHz

· Enhancement is in addition to common UL+DL coverage spectrum of UE carried over from rel-15

· Rel-15 CA signaling framework shall be retained for Rel-16

· Additional signaling for enhancement feature description to network is FFS

· RAN4 will introduce at least one new frequency separation class of 2400 MHz

· ‘Coverage Spectrum’ here means the range of UL or DL frequencies that can be populated with an UL or DL CC in CA mode

In this contribution, we discuss what DL coverage spectrum should be included in Rel-16 as an enhancement feature for FR2.

2
Discussion

The enhancement of DL spectrum is to introduce 2400 MHz spectrum coverage in DL for the UE capable of Rel-15 frequency separation class 1400 MHz. Although it is FFS if other separation classes are introduced, we only focus on this case in the following discussion, i.e., UE supports 2400 MHz for DL and 1400 MHz for both DL and UL. This means 1000 MHz is available for DL only.
In the contribution [3], two extension schemes have been proposed, i.e., one sided extension and both sides extension. The UE supporting one-sided extension is capable of DL-only CCs anywhere outside of 1400 MHz if all these DL-only CCs are contained in 1000 MHz DL in either side of 1400 MHz, however, these CCs cannot be simultaneously configured or activated in both sides. Figure 1 illustrates the case of one-sided extension; In addition to 1400 MHz spectrum available both for UL and DL, 1000 MHz is available for DL only CCs.
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Figure 1: One sided extension: Red bars indicates DL CCs, and yellow bars indicates UL CCs. Either side of UL can be activated so UL span is simultaneously 1400 MHz, but DL span is always 2400 MHz.

On the other hand, UE supporting both sides extension is capable of DL only CC both side with the total 2400 MHz. We understand this extension is symmetric, therefore DL only CCs can be placed anywhere outside of 1400 MHz if these CCs are contained in 500 MHz DL-only spectrum in both sides. These CCs can be simultaneously activated thus the total DL extension is 1000 MHz.
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Figure 2: Both side extension: Red bars indicates DL CCs, and yellow bars indicates UL CCs. Only the central 1400 MHz part is available for UL. DL CC can be always configured anywhere within 2400 MHz.

The issue with the both sides extension is that UL should be always around centre of the spectrum. If a UL CC is configured at the edge of the operator spectrum holding (in Figure 3), DL-only extension will be outside of the operator spectrum. This means the DL CCs cannot be configured there, thus only 1900 MHz DL spectrum can be supported for such configuration. Furthermore, since this DL extension part falls into the adjacent spectrum, there can be interference signals in the receiver pass-band, which might cause some coexistence issues.
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Figure 3: Figure in [4]: Drawbacks to always put LO in the middle of UL CCs

Observation 1: For both sides extension, half the DL extension cannot be utilized in order to fully utilize operator spectrum in uplink.
Observation 2: For both sides extension, there can be a blocking issue because the receiver pass bandwidth can be outside the operator spectrum when the uplink is configured at the edge of the operator spectrum.

For example, in the worst case, if operator has only two 400 MHz channels at the both edges of the 2400 MHz, intra-band carrier aggregation cannot be configured at all because no CC is available in the centre 1400 MHz for the uplink. The DL extension is usable only for inter-band CA with PCell in another band. 
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Figure 4: Another drawback example of both sides extension; there is no available UL CC if an operator have channels (red bars in the figure) only on both edges of DL spectrum.
Due to the above issues, it is expected that only the one-sided extension is supported by UE implementation. Furthermore, from network operation point of view, it is highly encouraged that every UE is capable of any UL CC frequency even if DL CCs are separated up to 2400 MHz. Otherwise, load balancing among UEs in gNB scheduler will be more complicated and inefficient.
Proposal 1: It is proposed to introduce only one-sided extension for the Rel-16 DL CA enhancement feature.
3
Conclusions 

In this contribution, DL extension spectrum has been discussed. Since we have some restrictions for both side extension, we propose to include only one-sided extension as Rel-16 DL CA enhancement.
Observation 1: For both sides extension, half the DL extension cannot be utilized in order to fully utilize operator spectrum in uplink.
Observation 2: For both sides extension, there can be a blocking issue because the receiver pass bandwidth can be outside the operator spectrum when the uplink is configured at the edge of the operator spectrum.
Proposal 1: It is proposed to introduce only one-sided extension for the Rel-16 DL CA enhancement feature.
4
References

[1] RP-190761
WID: NR RF requirements for FR2, Nokia, Nokia Shanghai Bell, RAN#83

[2] R4-1910701
RAN4 #92 Meeting report
[2] R4-1913042
WF on DL Intra-band CA BW Enhancement, Qualcomm, RAN4#92bis

[3] R4-1910763
FR2 DL CA BW Enhancement Feature Definition, Qualcomm RAN4#92bis

[4] R4-1912399
On FR2 intra-band CA, Huawei, HiSilicon, RAN4#92bis

[5] R4-1912400
On separation class signalling in Rel-16 Huawei, HiSilicon, RAN4#92bis
2

f
DL 2400 MHz
UL 1400 MHz


500 MHz
500 MHz



f
DL 2400 MHz
UL 1400 MHz


500 MHz
500 MHz



f
DL 2400 MHz
UL 1400 MHz
1000 MHz
DL only
1000 MHz
DL only
UL 1400 MHz



