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1 Introduction
In RAN1 AH#1901 meeting, the following are concluded for further discussion.
	Conclusion:

All the following 4 cases can be considered further, while there was yet no consensus if all the cases will be eventually specified. To be discussed further after work on solutions has progressed.

1. Support scheduling cell of lower SCS and scheduled cell of higher SCS downlink

2. Support scheduling cell of lower SCS and scheduled cell of higher SCS uplink

3. Support scheduling cell of higher SCS and scheduled cell of lower SCS downlink

4. Support scheduling cell of higher SCS and scheduled cell of lower SCS uplink

Conclusion:

Study further at least the following:

· Determine the first possible PDSCH starting point based on the timing of the last or first symbol of the scheduling PDCCH.

· Both Type A and Type B PDSCH allocation should be considered

· Consider a possibility for introducing a single solution for Type A and Type B PDSCH allocation

· PDCCH position cases 1-1, 1-2 and 2 should all be considered


This paper provides our views from UE implementation perspectives on the timing relationship between scheduling PDCCH and scheduled PDSCH/PUSCH in cross-carrier scheduling with different numerologies.

2 Discussion
There are two main issues to enable cross-carrier scheduling with different numerologies.
· What’s the reference subcarrier spacing for K0, K1 and K2
· What K0, K1 and K2 values are practical from UE implementation perspective
The first issue was resolved in previous RAN1 meetings.  K0 and K2 are based on the subcarrier spacing of the scheduled cell while K1 is based on the subcarrier spacing of the cell where the corresponding HARQ-ACK transmission resides.  However, the 2nd issue remains open.
For PDSCH scheduling, there is no issue to have K0 = 0 for same-carrier scheduling but excessive UE buffer size is needed to support K0 = 0 for cross-carrier scheduling.  Figure 1 illustrates one example of 15KHz SCS carrier scheduling 60KHz SCS carrier.  In this example, a UE has to buffer 19 OFDM symbols for 60KHz SCS carrier before PDSCH decoding when same-carrier scheduling is applied.  Instead, a UE has to buffer 28 OFDM symbols for 60KHz SCS carrier before PDSCH decoding when cross-carrier scheduling from 15KHz SCS carrier is applied.  It’s nearly 50% increase of UE buffer size and the percentage can be even higher, considering the case of 15KHz SCS carrier scheduling 120KHz SCS carrier.  To resolve the issue, it would be better to introduce certain gap between the end of scheduling PDCCH and the starting of the corresponding scheduled PDSCH.  Considering the support of both Type A and Type B PDSCH allocation, the gap can be based on OFDM symbols, instead of slots.  Similar to N1 & N2 values for UE processing time, N0 can be newly defined as the minimal time difference between the end of scheduling PDCCH and the starting of the corresponding scheduled PDSCH in terms of OFDM symbols based on the subcarrier spacing of the scheduled cell.  Based on current analysis, the minimal gap should be ≥ -3 OFDM symbols based on the SCS of the scheduled PDSCH.  However, according to TS38.133, the maximum receiving timing difference requirement for inter-band NR CA between FR1 and FR2 is 25μs so it would be better to limit the minimal gap as -2 OFDM symbols for all SCS combinations to accomodate.
Proposal #1: For the case of scheduling cell of lower SCS and scheduled cell of higher SCS downlink, define the minimal time difference between the end of scheduling PDCCH and the starting of the corresponding scheduled PDSCH in terms of OFDM symbols based on the subcarrier spacing of the scheduled PDSCH at the transmitter side, e.g. N0.
· N0 = -2 OFDM symbols
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Figure 1. Illustration of extra UE buffer size for cross-carrier scheduling across different numerologies
For PUSCH scheduling, current specification already considers the support of different numerologies for active DL BWP and active UL BWP within a cell.  The same UE processing time derivation can be applied to cross-carrier scheduling with different numerologies.  Though current specification text is general enough to cover the case of cross-carrier scheduling with different numerologies, further study is needed before decision.
Proposal #2: For PUSCH cross-carrier scheduling with different numerologies, further study is needed.

3 Conclusion
Proposals are summarized as follows.
Proposal #1: For the case of scheduling cell of lower SCS and scheduled cell of higher SCS downlink, define the minimal time difference between the end of scheduling PDCCH and the starting of the corresponding scheduled PDSCH in terms of OFDM symbols based on the subcarrier spacing of the scheduled PDSCH at the transmitter side, e.g. N0.
· N0 = -2 OFDM symbols
Proposal #2: For PUSCH cross-carrier scheduling with different numerologies, further study is needed.

