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1. Introduction

Based on previous RAN4 agreements the support of FDM of data channels with different numerologies is up to UE capabilities (i.e. support of multiple numerologies is not mandated). The main reason is that simultaneous TX/RX of signal with different numerologies may have impact on the RF design, require multi-FFT processing and can be one of the factors to drive UE implementation complexity. In accordance to the Rel-15 assumption UE is expected to be capable to support a single active BWP in Rel-15 and, hence, from the single carrier perspective mixed numerologies operation is not supported. Meantime, mixed SCS operation is possible for CA scenarios. In the previous meetings RAN4 had discussions on the SCS capabilities for NR CA operation and a number of agreements were reached during the RAN4 AH-1801:
	· Same numerology for intra-band NR CA including both continuous and non-continuous is mandatory support for Rel15.

· Signalling of SCS for CA:

· Option 1: Signaling of SCS per CC in BPC/BPC entry(baseband processing capabilities)

· Option 2: Signaling of SCS per BC

· Option 3: Signaling of SCS per UE: report UE capability on mixed numerology for CA per UE regardless of BC

· Option 4: Signaling of SCS per Band

· Companies are encouraged to provide further analysis for the down selection for signaling of SCS based on the above 4 options.


In this contribution we provide our further views on the UE capabilities to support different numerologies under CA scenarios.
2. Discussion
There are several factors related to SCS capabilities signalling which should be further discussed:
· Support of multiple SCS for CA from Baseband perspective
· Support of multiple SCS for CA from RF perspective
2.1 Support of multiple SCS for CA from Baseband perspective

NR UE is expected to support 15/30/60 kHz SCS for FR1 and 60/120 kHz for FR2. In general, from the baseband perspective UE might be capable support different SCS for both single carrier and multiple carriers for CA. Meantime, the UE baseband processing complexity for the particular CC depends on its CBW and SCS. The numerology and BW determine the FFT size and have direct impact on the associated L1 memory buffer size. In case of CA operation UE may be required to support different combinations of SCS for multiple CCs. Depending on the CA band combination (number of carriers, CBW) and supported SCS the required memory may vary. It is expected that UE memory buffer is designed under certain SCS assumptions and UE may not support all SCS combinations (i.e. UE can support certain aggregated CBW with one SCS but may not support the same amount of CCs with another SCS). 
In order to allow sufficient UE implementation flexibility it is recommended to signal the supported SCS jointly with CBW with per CC granularity as a part of baseband processing capabilities (BPC) signalling.

Observation #1: UE implementation complexity (required memory buffer size) depends on the supported SCS and CBW for each CC in CA.

In accordance to the recent LS [1] RAN2 recently agreed that CBW and modulation parameters will be signalled per CC in the BPC:

	· Keep supportedBW-PerCC as per CC capability. (Value range to wait for RAN4)

· Keep modulationOrder as per CC capability

· Separate supported modulation for DL and UL.


Therefore, to keep consistent signalling structure the SCS signalling per CC in BPC should be provided. 

Also, based on the previous RAN4 agreements SCS signalling is expected to be already allowed to be indicated on a per CC basis in BPC to allow peak data rate calculation: “RAN4 also thinks that the peak data rate could be determined by a set of L1 parameters such as modulation order, number of MIMO layers, supported numerology and channel BW if it’s calculated as per-cell, per-cell-group and per-UE. The UE capability signalling structure should allow UE to provide the respective information.” [2]. Therefore, to allow peak data rate calculation the information on the SCS should be signalled jointly with CBW / modulation / MIMO layers information.
Proposal #1:
Introduce per-CC signalling of the SCS in the BPC

2.2 Support of multiple SCS for CA from RF perspective

The feasibility to support multiple SCS for CA from RF perspective depends on the CA type.
Intra-band CA
Based on the RAN4 AH-1801 meeting agreements “Same numerology for intra-band NR CA including both continuous and non-continuous is mandatory support for Rel15.” In accordance the offline discussions in the previous meeting it is FFS whether an optional capability to support mixed numerologies operation for intra-band CA needs to be introduced. In our view mixed numerologies support may have impact on the RF requirements (e.g. ) and assuming Rel-15 timeline it is suggested to deprioritize this scenario and additional studies could be done in the future. 
Proposal #2:
Deprioritize mixed numerologies operation for intra-band CA scenarios.

Inter-band CA

For the inter-band CA scenarios there should be not RF issues to support simultaneous operation with different numerologies in different carriers (taking into account the baseband constraints described above). Furthermore, in general, the mixed numerologies operation could be made applicable to different CA combinations including FR1+FR1, FR1+FR2, FR2+FR2.
In the previous meeting there were discussions to mandate mixed numerologies CA operation. In our understanding UEs should be capable to support mixed numerologies operation. Meantime, “mandatory” support may imply unnecessary restrictions for the UE baseband processing capabilities. Therefore, we recommend no to specify mandatory support of multiple SCS for the CA. Alternatively, it could be clarified that mandatory support does not imply support that mixed SCS should be supported for all CA combinations.

We also note that mixed numerologies operation may result in non-aligned slot durations in the different carriers and may lead to simultaneous Tx/Rx for TDD-TDD and TDD-FDD CA band combinations. RAN4 has already defined a similar capability in application to the LTE-NR DC [3] and it can be further applied to the generic CA scenarios.
UE capabilities signalling

Therefore, from the Rel-15 perspective it is expected that UE may support mixed numerologies for inter-band CA and cannot support for intra-band CA. The capabilities signalling should allow UE to indicate the capabilities separately for intra/inter band CA combinations. The BPC signalling proposed above does not allow differentiation between the inter-band and intra-band CA combinations (so far it is expected that CA BW Class does not differentiate between inter-band and intra-band non-contiguous CA). So, additional signalling shall be introduced. One way is to have explicit indication of the mixed numerologies support for the particular BCs. Alternatively, the support of mixed numerologies operation could be provided on per-UE basis (e.g. UE can support mixed numerologies for CA) or the CA type could be included into the CA BW class.

Proposal #3:
Further discuss additional capability signalling to differentiate mixed numerologies UE capabilities for intra-band and inter-band CA.
3. Conclusions

In this contribution we share our further views on the UE capabilities to support different numerologies under CA scenarios. In summary, we make the following proposals:
Proposal #1:
Introduce per-CC signalling of the SCS in the BPC

Proposal #2:
Deprioritize mixed numerologies operation for intra-band CA scenarios.

Proposal #3:
Further discuss additional capability signalling to differentiate mixed numerologies UE capabilities for intra-band and inter-band CA.
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