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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In RAN#92e meeting, the SID “Study on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths” [1] was further revised. The deadline for this study was extended to the end of this year (RAN#94). In this paper, we provide our view on one of the candidate solution “overlapping CA”.
2 Discussion
[bookmark: _Ref54117246]The basic principle for overlapping CA is to use configure UE through dedicated RRC signaling with 2 CCs. Both CCs follow regular CBW (a multiple of 5MHz), but overlapped with each other such that the union of the 2 CBWs equals the irregular BW. As the example shown in Figure 1, each CC has 7MHz overlapped with the other CC and 3MHz non-overlapped part. 
[image: ]
[bookmark: _Ref78879776]Figure 1. One example for 13 MHz irregular BW covered by 2x10MHz overlapping CA

In our understanding, introducing overlapping CA will create some new bandwidth classes in the RAN4 spec. The spec impact should be confirmed. Moreover, how this overlapping CA configuration and capability are considered and reported together with intra-band CCA/NCCA and inter-band CA needs more discussions. E.g., if supporting overlapping CA will consume additional RF or baseband resources, then the UE capability may need to be per-feature-set reported.
[bookmark: _Ref78899242]Observation 1: Introducing overlapping CA will create a new bandwidth class at least in the RAN4 spec
[bookmark: _Ref78899255]Proposal 1: FFS how overlapping CA configuration and capability are considered and reported together with intra-band CCA/NCCA and inter-band CA.

The number of overlapped RBs needs to be clearly defined for each irregular BW. To be specific, the number of overlapped RBs to be used for 6, 7, 11, 12, 13MHz BW needs to be defined in both BS and UE spec. It is undesired to see that the irregularBW can eventually be defined with arbitrary numbers of RBs (or even non-integer RBs). On the other hand, a clear definition in terms of # of PRB is also the prerequisite to define the corresponding requirements. 
[bookmark: _Ref78895977][bookmark: _Ref78886586]Proposal 2: Define the number of overlapped RB numbers for each irregular BW in both BS and UE spec.

To accommodate Proposal 2, RB alignment between 2 overlapping CCs is required. In this sense, the 2 overlapping CCs should be aligned based on 900KHz raster. 
[bookmark: _Ref78899271]Proposal 3: The 2 overlapping CCs should be aligned based on 900KHz raster.

One concern raised from companies is on the overhead (including SSB and CSI-RS) when configuring 2 CCs. In our view, only one of the CCs needs the SSB, while the other CC can be completely SSB-less. According to TS38.306, there is already a Rel-15 feature ‘scellWithoutSSB’ that is mandatory for intra-band CA. We see no problem to directly extend this UE capability to overlapping CA case.
	scellWithoutSSB
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signalling for intra-band CA but not supported for inter-band CA.


[bookmark: _Ref78899244]Observation 2: The Rel-15 feature ‘scellWithoutSSB’ can be directly re-used in overlapping CA case. 

However, CQI/PMI/RI reporting will naturally be duplicated due to the CA architecture. Furthermore, the configurations for CORESET and PDSCH may also be operated on both CCs. The signalling overhead for overlapping CA is higher than for single carrier baseband solutions.
[bookmark: _Ref78899245]Observation 3: The signaling overhead for overlapping CA is higher than other competing solutions 

Another concern form UE decoding performance perspective is whether the signals transmitted from the 2 CCs will collide in the same subcarrier (or RE). Figure 2 provides a simple example for 2 different configurations. 
In Figure 2(a), the BWPs of 2 CCs are overlapped, meaning that the PDCCH/PDSCH/CSI-RS transmitted by one CC could suffer the interference from the other CCs if the physical layer configurations of independent channels are not confined. Allowing such a mutual interference between 2 CCs could lead to the degradation which eventually outweighs the benefit of introducing overlapping CA. In our view, such a configuration is problematic.
In Figure 2(b), the BWPs of 2 CCs are mutually exclusive in terms or occupied RBs, meaning that the 2 CCs will not create co-channel interference to each other, and this seems the simplest approach in terms of ensuring the physical channels on different CCs will not collide. Although some limitation to network scheduling is expected, we believe that this a better approach to realize the benefit of overlapping CA solution. 
[bookmark: _Ref78899281]Proposal 4: The BWPs of the 2 overlapping CCs should be mutually exclusive in terms of occupied RBs.

[image: ]
[bookmark: _Ref78897703]Figure 2. Two different BWP configurations for overlapping CA: a) overlapping BWPs and b) disjoint BWPs

Another key condition to guarantee UE decoding performance is on the received timing difference and power imbalance between the 2 overlapping CCs. In our view, although no explicitly specified, UE should still be allowed to use similar architecture as CCA to receive the signals from both CCs. In this case, the requirements of MRTD and power imbalance should be no more stringent than CCA. In other words, we expect MRTD ≤ 260ns and power imbalance ≤ 6dB. 
[bookmark: _Ref78899282]Proposal 5: For overlapping CA, MRTD ≤ 260ns and power imbalance ≤ 6dB. 

3 Conclusion
In the contribution, we provided our view on overlapping CA solution for irregular BW. We have the following proposals.
Observation 1: Introducing overlapping CA will create a new bandwidth class at least in the RAN4 spec
Proposal 1: FFS how overlapping CA configuration and capability are considered and reported together with intra-band CCA/NCCA and inter-band CA.
Proposal 2: Define the number of overlapped RB numbers for each irregular BW in both BS and UE spec.
Proposal 3: The 2 overlapping CCs should be aligned based on 900KHz raster.
Observation 2: The Rel-15 feature ‘scellWithoutSSB’ can be directly re-used in overlapping CA case.
Observation 3: The signaling overhead for overlapping CA is higher than other competing solutions
Proposal 4: The BWPs of the 2 overlapping CCs should be mutually exclusive in terms of occupied RBs.
Proposal 5: For overlapping CA, MRTD ≤ 260ns and power imbalance ≤ 6dB.
4 Reference
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