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1. Introduction
In NR WI, following agreements regarding HARQ/scheduling timing was made,
Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing
In addition, it was agree to support both dynamic TDD and semi-static TDD operation in NR, where the semi-static TDD operation was agreed as the follows

Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation

· The assigned DL/UL transmission direction can be signaled to UE by higher layer signaling

In this contribution, we present our views on the design of NR HARQ/scheduling timing.
2. Discussion
Granularity of HARQ timing indication

It was agreed that timing between PDSCH and corresponding HARQ-ACK (K1), and the timing between UL grant and corresnponding PUSCH (K2) is indicated in the DL/UL grant. However, the time granularity of K1 and K2 values has not been concluded, which has the linkage with the DL/UL processing time and the combination of DL/UL transmission durations. Where the transmission duration may depend on the applied SCS and the numero of OFDM symbols in within a TTI. Following cases can be evisioned.
· K1:

K1, i.e. time offset between PDSCH and corresponding HARQ-ACK, includes the UE processing time  for PDCCH/PDSCH and processing time for HARQ-ACK preparation, if we assume UE TA=0. As the PDCCH/PDSCH processing time will be the major component of K1, it is straightforward to define the granularity of K1 value using DL transmission unit, which means the SCS and TTI length (i.e. the number of OFDM symbols within the DL TTI) are used to determine the K1 value.
· K2:
K2, i.e. time offset between PDCCH UL grant and the corresponding PUSCH, including the UE processing time for PDCCH and processing time for PUSCH preparation, if we assume UE TA=0. As the PUSCH processing time will be the major component of K2, it is straighforward to define the granularity of K2 value using the UL transmission unit, which means the SCS and TTI length (i.e. the number of OFDM symbols within the UL TTI) are used to determine the K2 value. 
As an alternative solution to the above, if some additional flexibility is necessary, e.g. to support dynamic variable change of DL and UL transmisison unit, the time granularity of K1 and K2 can be configured by gNB. 
Proposal 1:

· Two options can be considered to define the granularity of K1 and K2 for timing determination.
· Option 1:Granularity of K1 follows DL transmission duration, granularity for K2 follows UL transmission duration.
· Option 2: Granularity of K1 and K2 are configured by gNB. 

HARQ timing for traditional FDD and semi-static TDD operation

It was agreed that NR supports semi-static TDD operation where the DL/UL transmisison direction is configured by higher layers. One typical use case for semi-static TDD operation is the macro cell, since the dynamic TDD opearation is challenging due to significant cross-link interference. In this scenario, the DL/UL transmisison direction is rather fixed similar as in LTE-TDD deployment, where the semi-static configuration is beneficial for UE power saving persepctive. Similarly, in traditional FDD macro cell deployment, the DL and UL transmission resource are fixed. 
In both of the deployments above, not only the DL/UL transmisison resource are fixed, the DL/UL numerology  can also be fixed, furthermore, the transmission duration can be fixed as well if the network intends to use only slot based scheduling. In these deployoment sceanrios, the dynamic indication of HARQ/scheduling time does not seem necessary. Therefore it does not make sense to always mandate the inclusion of DCI contents for K1 and/or K2 indication. Alternatively, the HARQ/scheduling timing can be configured by higher layer, for examle, the RRC can configure the number of maximum HARQ process number, as well as the HARQ/scheduling delay for each HARQ processes. To support this alternative, further discussion is needed on whether the higher layer configured HARQ/scheduling delay is dependent or agnostic on the semi-static configured DL/UL transmission durations. 
Proposal 2: 
· NR supports an option where the HARQ/scheduling timing is not dynamically indicated, at least for semi-static TDD and traditional FDD operation. 
3. Conclusion

In this contribution, we discuss the aspects regarding HARQ/scheduling timing, from the discussion, following proposals were made. 
Proposal 1:

· Two options can be considered to define the granularity of K1 and K2 for timing determination.
· Option 1:Granularity of K1 follows DL transmission duration, granularity for K2 follows UL transmission  duration.
· Option 2: Granularity of K1 and K2 are configured by gNB. 

Proposal 2: 
· NR supports an option where the HARQ/scheduling timing is not dynamically indicated, at least for semi-static TDD and traditional FDD operation.  [image: image1.png]



