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Introduction
In RAN1#89 meeting, the following agreements were made on multiple carrier operation for NR [1].
Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 
· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH
· FFS: impact on the maximum number of HARQ processes
· FFS: potential restrictions (e.g., on combination of different numerology)
· Support joint UCI feedback for aggregated carriers with the same or different numerology. 
· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 
· FFS: impact on maximum number of HARQ process 
· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers
· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N
· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)


























In this contribution, we discuss several aspects of cross-carrier scheduling and HARQ-ACK feedback for carriers with the same or different numerology.
  
Discussion
In LTE, frequency carrier numerologies (15 & 7.5 kHz) and TTI length (1ms) are almost always fixed (mostly 15kHz) and the same for both UL/DL transmissions regardless of single carrier operation, CA, or DC. Particularly for LTE-FDD, UL/DL TTI boundaries are also always aligned (within a TA), making self- and cross-carrier scheduling timing in CA rather simple and straight forward in both DL/UL directions. Correspondingly, UL and DL HARQ always follows a 4ms (n+4) timing relationship from the actual shared channel transmission to HARQ-ACK feedback. In LTE-TDD, although the UL scheduling timing and HARQ feedback timing relationships are little bit complicated due to duplexing, but at least the TTI length and boundaries are always aligned among CA carriers.
For 5G-NR, TTI length (slot/mini-slot) may vary even within a carrier due to mixture of numerologies needed to support different types of services and applications. For NR CA across different frequency bands, carrier numerology is likely to be different as well. Consequently, TTI boundaries are no longer aligned among CA carriers making cross-carrier scheduling more complicated at least for the specification. If cross-carrier scheduling between CCs with same numerology and TTI length (e.g. for sub-6GHz carriers with 15kHz SCS and 1ms slot), the scheduling behaviour and HARQ-feedback would be straight forward and can be the same as in LTE-CA. But if cross-carrier scheduling between CCs with different numerologies and TTI lengths, the scheduling time period should cover the length of the scheduling or the scheduled CC with longer TTI. For example, DL control for CCS is transmitted on a sub-6GHz carrier with 1ms slot and the shared channel is scheduled for an above-6GHz carrier with 0.25ms slot, then the CCS time period should cover the TTI length of the scheduling CC, 1ms. That is, the DL control CCS should schedule all four 0.25ms slots on the above-6GHz carrier. This CCS could schedule all four slots together with one small DCI (same scheduling last for four slots), one large DCI (containing scheduling details for four slots), or four separate DCIs independently. Subsequently, the restriction for CCS should be between CCs with aligned TTI boundaries and DCI is only sent at the start of the aligned TTI boundary.
Proposal 1: When cross-carrier scheduling between CCs with different numerologies and TTI lengths, the scheduling time period should cover the length of the scheduling or the scheduled CC with longer TTI.
Proposal 2: CCS should be between CCs with aligned TTI boundaries and DCI is only sent at the start of the aligned TTI boundary.
As for the HARQ-ACK feedback in cross-carrier scheduling, similar working principle as the above scheduling mechanism should be applied. Assuming DL control and UL control channels are carried on a sub-6GHz carrier (low-band), then if downlink CCS DCI(s) in one TTI covers multiple TTIs on another carrier (above-6GHz high-band) the HARQ-ACK feedback on the UL control channel should also cover all the DL TTIs that it was scheduled. Since multiple DL TTIs should be covered by one HARQ-ACK feedback instance, HARQ-ACK bundling should be supported in NR CA to reduce the amount of feedback bits.
Proposal 3: HARQ-ACK feedback in cross-carrier scheduling should cover all DL TTIs that it was scheduled.
Proposal 4: HARQ-ACK bundling for multiple scheduled DL slots should be supported in NR CA.
So far it has been agreed to support carrier aggregation in NR for up to 16 CCs. Assuming the same mechanism as in LTE of including a CIF value in the downlink DCI for cross-carrier scheduling is supported for NR, this means a CIF of 4 bits should suffice to cover all 16 CCs. As already seen for LTE in Release 13, the max number of CA CCs was increased to 32 and the concept of cell group was restricted to 8 CCs due to CIF was only 3 bits long. Therefore, to be more future prove in this time around for NR, in our view we prefer this CIF to be 6 bits long or further study on possible mechanisms to be more future proved when the max number of CCs is increased.
Proposal 5: The length of CIF value for NR CA should be more than 4 bits (e.g. 6 bits) or further study on possible mechanisms to be more future proved when the max number of CCs is increased.
Conclusion
In summary, we discussed cross-carrier scheduling/joint UCI feedback for carriers with the same or different numerology and observe and propose the following:
Proposal 1: When cross-carrier scheduling between CCs with different numerologies and TTI lengths, the scheduling time period should cover the length of the scheduling or the scheduled CC with longer TTI.
Proposal 2: CCS should be between CCs with aligned TTI boundaries and DCI is only sent at the start of the aligned TTI boundary.
Proposal 3: HARQ-ACK feedback in cross-carrier scheduling should cover all DL TTIs that it was scheduled.
Proposal 4: HARQ-ACK bundling for multiple scheduled DL slots should be supported in NR CA.
Proposal 5: The length of CIF value for NR CA should be more than 4 bits (e.g. 6 bits) or further study on possible mechanisms to be more future proved when the max number of CCs is increased.
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