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1 Introduction
Mixed numerology for CA have been discussed in [1] and also in wideband operation, but there is still no conclusion. 
In RAN #78 meeting, there is new conclusion on this topic, this paper provide analysis on this topic and give proposals on UE implementation perspective.
2 Discussion

2.1 Previous meeting Agreements

RAN #77 Agreement:
· Aiming December 2017 completion:
· NR-NR CA with the same and different numerologies

· Same numerology within the same PUCCH group, including both DL and UL

· Use of different numerology for SUL in a PUCCH group can be considered
RAN #78 agreements

· For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.
RAN4 NR AH#3 WF on support of sub-carrier spacing:
· UE shall support sub-carrier spacing(s) for data in TDM manner as below in Rel-15:

· For sub-1GHz 

· Mandatory: 15k, 30k

· For 1GHz-6GHz

· Mandatory: 15k, 30k 

· Optional: 60k

· For mmWave 

· Mandatory: 60k, 120k
Since RAN #78 meeting agreed to enable 2 different numerology within the same PUCCH group, and RAN1 also agrees that there are no more than 2 PUCCH groups for NR-NR CA, we can describe the agreements as Fig 1 and Fig 2.

In Fig 1, up to 2 different numerology are supported within the same PUCCH group, for cell1, the DL and UL are with the same numerology, PUCCH is sent on cell1 UL, the 2 DL CCs are with different numerology.
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Fig 1. two different numerology within the same PUCCH group
From Fig 1, we can see that for xDL/1UL CA, only 2 different numerologies can be exist at the same time , including UL and DL.
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Fig 2 mixed numerology for NR-NR CA with 2 PUCCH groups
In Fig 2, we depict the xDL/2UL CA with two PUCCH groups, since up to 2 different numerologies exist with one PUCCH group, there are up to 4 different numerologies can be exist at the same time for CA.
Observation 1:4 different numerologies can be exist at the same time in maximum for NR-NR CA based on RAN #78 meeting agreements.

2.2 Implementation impact for UE
2.2.1 Intra-band contiguous CA 
For intra-band contiguous CA, UE is possibly to use 1 receiving path to process the aggregated CCs, it is difficult to configure multiple CCs with different SCS in one RF chain since the slot length of each CC is different. If we separate the CCs in RF part, it is quite difficult since chipset size, power consumption will increase much, especially for multiple CCs scenario.
In previous RAN4 meeting, there are plentiful discussions on mixed numerology for CA in wideband operation topic, tentative agreement shows same numerology for contiguous CCs is baseline for Rel15, how to define the capability is FFS. In fact, from UE implementation perspective, considerations on mixed numerology for contiguous UE CCs in wideband operation is the same with normal CA.
Observation 2: from UE implementation perspective, how to handle numerology for contiguous UE CCs in wideband operation is the same as normal CA.

Proposal 1: Same numerology for intra-band contiguous CA is baseline for Rel15, whether UE can support different numerology at the same time for intra-band contiguous CA shall be introduced as a UE capability.
2.2.2 Non-contiguous CA

For non-contiguous CA(including inter-band CA and intra-band non-contiguous CA), we need to consider whether we can receive CCs with different numerologies as we did for the CCs with the same SCS. Larger channel bandwidth and smaller symbol length may require more FFT/demod processing capability within certain time instance. It should be noted that, for example, the FFT size for each CC depends jointly on the bandwidth of BWP and its SCS. Therefore, gNB can configure BWPs of appropriate size for a UE such that bandwidth of a BWP in each CC in conjunction with its SCS is within the UE’s FFT/demod processing capability.
For intra-band non-contiguous CA on FR2, since single carrier already need several RF chains to give beamforming feature, if separated RF chains are used for different CCs, there will be too much RF chains to support it. So there is solution proposed on these meetings that one RF chain will be used to support intra-band non-contiguous CA on FR2. For reason mentioned in section 2.2.1, same numerology should be considered under this scenario.
Proposal 2: For inter band CA, it is mandatory to support two different SCSs at the same time. Supporting of more than two SCSs shall be introduced as a UE capability.
For intra band NC CA, same numerology should be baseline in Rel15 especially on FR2, whether UE can support different numerology at the same time shall be introduced as a UE capability.
3 Conclusion

In this contribution we discussed on the possible SCS combinations for CA, according to the analysis, we have the following observations and proposals:
Observation 1:4 different numerologies can be exist at the same time in maximum for NR-NR CA based on RAN #78 meeting agreements.

Observation 2: from UE implementation perspective, how to handle numerology for contiguous UE CCs in wideband operation is the same as normal CA.

Proposal 1: Same numerology for intra-band contiguous CA is baseline for Rel15, whether UE can support different numerology at the same time for intra-band contiguous CA shall be introduced as a UE capability.
Proposal 2: 
For inter band CA, it is mandatory to support two different SCSs at the same time. Supporting of more than two SCSs shall be introduced as a UE capability.
For intra band NC CA, same numerology should be baseline in Rel15 especially on FR2, whether UE can support different numerology at the same time shall be introduced as a UE capability.
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