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1	Introduction
In the previous meeting, the following agreements have been made regarding HARQ timing and number of HARQ processes.

Agreements: (RAN1#AH1, 2017)
Agreements on scheduling and HARQ ACK feedback timing, based on [1]:
· 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

Agreements on HARQ timing for NR, based on [2]:
· NR UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:
· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing
· Delay between UL grant reception timing to the corresponding UL data transmission timing
· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time
In this contribution we present our views on HARQ timing and number of HARQ processes for NR.
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In the previous meeting, it has been agreed to support a set of minimum HARQ processing times. The diverse use cases of NR set a wide spectrum of requirements especially on the design of the HARQ procedure. Therefore, it is expected that, e.g., eMBB services employ a different HARQ timing setup when compared to URLLC services. Furthermore, the assumption that eNB and UE have the same processing time, which has been taken for sake of simplicity, could be changed to fit the HARQ procedure to the new requirements of NR.

In NR, implicit or explicit signaling could be employed to configure a HARQ timing setup. However, explicit signaling can offer a higher flexibility and thus is more forward compatible than implicit signaling. For this purpose, a combination of higher layer and L1 signaling can be considered. The higher layer signaling would configure a certain set of HARQ timings which are supported by the UE and gNB and L1 signaling, e.g. DCI, could be employed to indicate which configuration out of the set is used. This would also save overhead in contrast to using only L1 signaling, since the higher layer signaling works semi-statically.

Proposal 1 – HARQ timing should be configurable per UE and gNB.

Proposal 2 – Timing can be configured by combination of higher layer and L1 signaling.

To ensure flexibility it should be considered to allow dynamic switching between the HARQ feedback schemes. Thus, the gNB could adapt the HARQ feedback based on service requirements, e.g. latency and/or reliability.

Proposal 3 – Dynamic switching between HARQ feedback schemes should be studied.

The maximum TA is 0.67ms corresponding to 100 km cell size in LTE. If this value is applied to the processing time, it unnecessarily increases the HARQ delay, especially for cell center UEs. If flexible timing is supported, the gNB can consider the actual value of TA, such that cell center UEs can send their HARQ feedback earlier than cell edge UEs.

Observation 1 – For fast HARQ feedback schemes with low processing time, a HARQ timing scheme based on the maximum cell size (100 km in LTE) can degrade the performance for UEs with small TAs severely.

Proposal 4 – HARQ timing in NR should be independent from maximum TA.
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The number of required HARQ processes highly correlates with the HARQ RTT. Since NR has different requirements on HARQ timing which also affects the HARQ RTT, the number of HARQ processes should be adaptive. Lower HARQ timing decreases the HARQ RTT and thus requires less HARQ processes.

Observation 2 – Lower HARQ timing reduces the number of required HARQ processes.

Proposal 5 – The Number of HARQ processes can be different for each use case.

The UE should report its HARQ timing capabilities as well as the maximum number of HARQ processes it supports to the gNB. This can be done via higher layer signaling or implicitly since the gNB knows the timing capabilities of the UE.

Proposal 6 – The number of HARQ processes can be signaled implicitly by the HARQ timing.
4	Conclusion

In this contribution we discussed some aspects on the HARQ timing and the number of HARQ processes. We make the following observations:

Observation 1 – For fast HARQ feedback schemes with low processing time, a HARQ timing scheme based on the maximum cell size (100 km in LTE) can degrade the performance for UEs with small TAs severely.

Observation 2 – Lower HARQ timing reduces the number of required HARQ processes.

From the observations, we draw the following proposals:

Proposal 1 – HARQ timing should be configurable per UE and gNB.

Proposal 2 – Timing can be configured by combination of higher layer and L1 signaling.

Proposal 3 – Dynamic switching between HARQ feedback schemes should be studied.

Proposal 4 – HARQ timing in NR should be independent from maximum TA.

Proposal 5 – The Number of HARQ processes can be different for each use case.

Proposal 6 – The number of HARQ processes can be signaled implicitly by the HARQ timing.
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