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1 Introduction
RAN1 already has agreements that same numerology within the same PUCCH group before Dec. 2017, an UL carrier can use different SCS only when they are in different PUCCH group or the UL carrier is SUL band.

RAN4 has agreement on channel bandwidth and data subcarrier space in #84 meeting in [1]. The supported channel bandwidth for UE should be decided in a band specific manner. For sub-6GHz frequency, the data SCS can be choose as 15/30/60kHz; for mmwave frequency, the data SCS can be choose as 60kHz/120kHz. RAN4 also decides UE is not mandated to support mixed numerology in one CC for data/data case in [2]. But mixed numerology for CA don’t have plenty discussion.
In last RAN4 meeting, we already discussed this issue in [3], the comments are mainly in actual deployment requirement and UE capability, but no conclusion in last meeting.
If we make no limitation or signalling mechanism, UE may need to support 4 SCSs at the same time in maximum for contiguous or non-contiguous CA. It will significantly increase UE implementation complexity, and also affect performance under some scenario.
This paper gives discussion on the mixed numerology for CA on UE side. 
2 Discussion

2.1 RAN1 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

RAN1 reply LS to RAN4 :

· Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:
· The carriers are in different PUCCH groups, or
· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications
· Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 
· Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 
· An UL carrier can carry UCI for the DL carrier that it supplements
An UL carrier is scheduled from the DL carrier that it supplements

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 

RAN1’s agreements can be described as Fig 1 and Fig 2. We depicted mixed numerology issue in TDD and FDD respectively. For xDL/1UL CA, there is only 1 PUCCH group, thus all carriers are the same SCS, so there will be only 1 SCS, regardless of how many CCs aggregated in DL. For xDL/2UL CA, there could be 2 PUCCH group, thus there will be 2 SCSs in maximum, regardless of how many CCs aggregated in DL, which can be seen Fig1(b) for TDD and Fig2(b) for FDD.
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Fig 1(a). TDD CA in the same PUCCH group
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Fig 1(b). TDD CA in different PUCCH groups

FDD case is the same as TDD case, there is only 1 SCS for xDL/1UL CA, 2 SCSs for xDL/2UL in maximum.
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Fig 2(a). FDD CA in the same PUCCH group
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Fig 2(a). FDD CA in different PUCCH groups

As RAN1 already agrees that there are no more than 2 PUCCH groups for CA, only 2 SCSs can be exist if same numerology for the same PUCCH group.

RAN1 only specify mixed numerology for different PUCCH group and SUL case. In fact, there is no conclusion that whether NR will support mixed numerology for the same PUCCH group in Rel-15. 
Observation 1: only 2SCSs can be exist in maximum at the same time for CA if same numerology for the same PUCCH group.
Observation 2: 4 SCSs can be exist at the same time for CA if different numerology for the same PUCCH group is supported after Dec 2017.
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.
As discussed in [4], mixed numerology in one CC will cause non-orthogonality between the subcarriers at the edge, mixed numerology for intra-band contiguous CA is the same as that case, when UE separate the CCs by the filters, there will be non-orthogonality at the edge of the filter which will affect the receiving performance of the RBs at the edge.
Since there are many limitations on implementation on mixed numerology for intra-band contiguous CA, we have proposal 1 as below:
Proposal 1: 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), there will be difficulties on BB process procedure. To implement different SCS on different component carrier, we need to consider whether we can receive CCs with different numerologies as we did for the CCs with the same SCS.

If so, we use 1 FFT/demod processing units to receive different component carrier with different numerologies by TDM, it is required to reduce the process delay for every component carrier. Flexible SCS impose the schedule complexity including the FFT, demod, uplink HARQ procedure. Larger channel bandwidth and smaller symbol length requires much more FFT/demod processing capability within certain time instance. 

If not, multiple FFT/demod processing units are needed to receive different component CC with different numerology simultaneously, the hardware and software resources are reserved to support the extreme scenario such as 15kHz +30kHz+ 60kHz +120kHz with the maximum bandwidth such like 100MHz for sub6GHz and 200MHz/400MHz for mmwave frequency,even if there is no deployment requirement, which leads to resource waste.
With larger bandwidth and flexible SCS, it will significantly increase the UE implementation complexity, support all possible combinations will need extra resource such as size, performance, schedule complexity, etc., so we have the following proposals:
Proposal 2: For non-contiguous CA (including inter-band CA and intra-band non-contiguous CA), how many SCSs can be supported at the same time shall be introduced as a UE capability.
Proposal 3: Send LS to RAN2 and consider how to design the NR signalling.
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: only 2SCSs can be exist in maximum at the same time for CA if same numerology for the same PUCCH group.

Observation 2: 4 SCSs can be exist at the same time for CA if different numerology for the same PUCCH group is supported after Dec 2017.
Proposal 1: 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 non-contiguous CA (including inter-band CA and intra-band non-contiguous CA), how many SCSs can be supported at the same time shall be introduced as a UE capability.
Proposal 3: Send LS to RAN2 and consider how to design the NR signalling.
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