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Introduction and background
It has for a long time been agreed that NR should support different numerologies ranging from (at least) 15 kHz sub-carrier spacing to 240 kHz sub-carrier spacing. It has also, for a long time, been agreed that NR should support the use of multiple numerologies within one carrier, also referred to as mixed numerology. 
In this paper we discuss some aspects and make some proposals related to this
Numerology for PDCCH vs. numerology for PDSCH
In case of same-carrier scheduling, i.e. PDCCH transmission and the corresponding scheduled PDSCH transmission (the PDSCH transmission for which dynamic scheduling information is conveyed by the PDCCH transmission) on the same carrier, there does not seem to be any strong reasons for having different numerology for the PDCCH and PDSCH transmissions. However, in case of cross-carrier the situation is different. Especially, in case of cross-carrier scheduling between carries in very different frequency regions, the use of different numerology for the PDCCH and PDSCH transmissions must be supported. 
Proposed agreement:  	
· NR allows for different numerology for PDCCH and the corresponding scheduled PDSCH, at least in case of cross-carrier scheduling.
The use of different numerology for PDCCH and PDSCH implies different slot lengths for the PDCCH and PDSCH transmissions. Especially, in case of PDCCH transmission using lower numerology in a lower frequency band and the corresponding PDSCH transmission using higher numerology in a higher frequency band, which is the most relevant low-frequency/high-frequency cross-carrier-scheduling scenario, the length of the control (PDCCH) region may correspond to a substantial part of, and in extreme cases even exceed, the length of the slot length of the corresponding PDSCH transmission. This needs to be considered when specifying the timing relation between PDCCH transmission and the corresponding scheduled PDSCH transmission. 
Numerology for PDCCH vs. numerology for PUSCH
In general, it seems to make sense to support different numerology for PDCCH transmission carrying uplink scheduling grant and the corresponding scheduled PUSCH. Like for PDSCH transmission, this will lead to different symbol/slot lengths something that needs to be considered when specifying the timing relation between PDCCH transmission and the corresponding scheduled PUSCH transmission. 
Proposed agreement: 
· NR allows for different numerology for PDCCH and the corresponding scheduled PUSCH
PDCCH numerology
A UE can be configured to monitor for PDCCH on one or multiple numerologies. In general, a UE monitors for PDCCH over a search space configured within a configured CORESET. Both the search space and the CORESET are expressed in terms of OFDM resources. This inherently means that the configuration assumes a certain numerology. 
It is also desirable to be able to semi-statically separate transmissions using different numerologies in the frequency domain. This is, for example, needed if inter-numerology interference is to be suppressed by semi-static intra-carrier spectrum confinement. For the PDCCH, this can straightforwardly be done by associating different PDCCH numerologies configured for a UE with different frequency non-overlapping CORESETs. 
Thus, each configured numerology should be associated with its with its own configured CORESET.
Proposed agreements: 
· A UE can be configured to monitor for PDCCH on one or multiple PDCCH numerologies. 
· UE configuration for PDCCH monitoring includes at least 
· A PDCCH numerology 
· A CORESET within the configured numerology
· A search space within the configured CORESET.
Semi-static frequency separation of different numerologies is one way to operate multi-numerology carrier. However more dynamic separation should also be possible including 
· Dynamic separation in the time domain
· Dynamic separation in the frequency domain with the scheduler providing potential intra-carrier guardbands to support inter-numerology interference. 
In the context of PDCCH monitoring this means that the configured CORESETs corresponding to different configured PDCCH numerologies may also overlap in the frequency domain. 
Proposed agreement:
· CORESETs corresponding to different configured PDCCH numerologies may overlap in the frequency domain
PDSCH numerology
The PDSCH numerology can be explicitly signaled as part of the DCI. Alternatively or complementary, the PDSCH numerology may depend on a combination of the PDCCH numerology and the carrier on which the PDSCH is transmitted. For example
· In case of same-carrier scheduling, the PDSCH numerology could be the same as the PDCCH numerology
· In case of cross-carrier scheduling, the PDSCH numerology could be given by the carrier on which PDSCH is transmitted in a configurable manner.
Proposed agreement:
The PDSCH numerology can be explicitly signaled as part of the DCI. Alternatively or complementary, the PDSCH numerology may be given by a combination of the PDCCH numerology and the carrier on which the PDSCH is transmitted.

PUSCH numerology
Like PDSCH, the PUSCH numerology can be explicitly signaled as part of the DCI. Alternatively or complementary, the PUSCH numerology may depend on a combination of the PDCCH numerology and the carrier on which the PUSCH is to be transmitted. 
Proposed agreement:
The PUSCH numerology can be explicitly signaled as part of the DCI. Alternatively or complementary, the PUSCH numerology may depend on a combination of the PDCCH numerology and the carrier on which the PUSCH is to be transmitted.
Proposed agreements:
· NR allows for different numerology for PDCCH and the corresponding scheduled PDSCH, at least in case of cross-carrier scheduling.
· NR allows for different numerology for PDCCH and the corresponding scheduled PUSCH
· A UE can be configured to monitor for PDCCH on one or multiple PDCCH numerologies. 
· UE configuration for PDCCH monitoring includes at least 
· A PDCCH numerology 
· A CORESET within the configured numerology
· A search space within the configured CORESET.
· CORESETs corresponding to different configured PDCCH numerologies may overlap in the frequency domain
· The PDSCH numerology can be explicitly signaled as part of the DCI. Alternatively or complementary, the PDSCH numerology may be given by a combination of the PDCCH numerology and the carrier on which the PDSCH is transmitted.
· The PUSCH numerology can be explicitly signaled as part of the DCI. Alternatively or complementary, the PUSCH numerology may depend on a combination of the PDCCH numerology and the carrier on which the PUSCH is to be transmitted.




