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1. Introduction & Background

In the RAN2 #99 meeting, there were some discussions on HARQ RTT timers with the following agreement [1]
	Agreements:
· HARQ RTT and DL/UL retransmission timers are dependent on numerology of corresponding scheduled transmission (FFS whether it is PDCCH/PUSCH/PDSCH).  The actual unit is FFS (e.g. PDCCH monitoring occasions, number of slots/PDCCH slots, ms (last resort), etc.)


From RAN1 NR AdHoc#2 meeting [2], the following agreement was made in terms of characterization of the UE processing time. 

	 Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)

· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.

· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.

· Note the timing advance is not included in N1 and N2

· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2

· FFS between the following for each combination defined in the next slide

· Opt 1: UE reports N1 and N2 as UE capability

· Opt 2: Fixed values of N1 and N2

· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing




In this contribution, we will discuss the time unit and the calculation of HARQ RTT Timer.

2. Disccusion
2.1. Timing model of HARQ RTT in NR
In LTE, HARQ RTT Timer is related to DL retransmission. This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity. If the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe, it will start the HARQ RTT Timer for the corresponding HARQ process. The PDCCH and corresponding PDSCH occurs in the exact same TTI/subframe. In NR, the delay between DL assignment and corresponding DL data transmission should be taken into consideration. In addition, the HARQ timing in LTE is fixed and the exact length of the HARQ RTT Timer is 8 subframes under FDD configuration. However NR will support flexible HARQ timing in order to deal with deviated QoS requirements. The corresponding timing model of DL HARQ RTT timer is shown as Figure 1.
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Figure 1. Timing model for DL HARQ RTT Timer
In LTE, the duration of the HARQ RTT Timer equals to the sum of four parts. That is DL data transmission (TTI), processing time at UE side, TTI of HARQ acknowlegement in the uplink and the processing time at eNB side where the processing time at UE/eNB side is 3 subframes and the TTI of HARQ acknowlegement in the uplink or DL data transmission is one subframe. In NR, the duration of the HARQ RTT Timer depends on the following parameters:
· K0: between DL assignment and corresponding DL data reception [3].
· K1: between DL data reception and corresponding acknowledgement (i.e. N1+PDSCH duration) [4].
· K3: between the HARQ feedback and the expected retransmission, and mainly depends on the gNB scheduling and processing time at gNB side. The exact definition have not been determined.
As illustrated in Figure 1, the DL HARQ RTT timer should be:

DL HARQ RTT timer = K0 + K1 + K3
K0 and K1 which is indicated via DCI is known by the UE before starting DL HARQ RTT timer. K3 (e.g. number of OFDM symbols) can be predefined, or configured by the gNB via RRC.
Proposal 1: The DL HARQ RTT timer is set to K0 + K1 + K3, where:
· K0: between DL assignment and corresponding DL data reception
· K1: between DL data reception and corresponding acknowledgement
· K3: between the HARQ feedback and the expected retransmission
In LTE, UL HARQ RTT Timer specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity. If the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe, it will start the HARQ RTT Timer for the corresponding HARQ process. Same as HARQ RTT Timer, the exact length of the UL HARQ RTT Timer is no longer 8 subframes under FDD configuration. The corresponding timing model of UL HARQ RTT timer in NR is shown as Figure 2.
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Figure 2. Timing model for UL HARQ RTT Timer
The duration of the HARQ RTT Timer depends on the following parameters:

· K2: between UL assignment and corresponding UL data transmission (i.e. N2) [4].
· K4: between UL data reception and corresponding acknowledgement/retransmission. The exact definition have not been determined.
As illustrated in Figure 2, the UL HARQ RTT timer should be:

UL HARQ RTT timer = K2 + K4
K2 which is indicated via DCI is known by the UE before starting UL HARQ RTT timer, via DCI. K4 (e.g. number of OFDM symbols) can be predefined, or configured by the gNB via RRC, or indicated by DCI.

Proposal 2: The DL HARQ RTT timer is set to K2 + K4, where:

· K2: between UL assignment and corresponding UL data transmission.

· K4: between UL data reception and the expected re-transmission.

2.2. Time unit of HARQ RTT Timer in NR
According to RAN1 agreements, we should consider the processing time at UE side in term of symbols (N1, N2) instead of slots. In addition, according to the email discussion, the UE processing time (N1, N2) will be affected by subcarrier spacing (CSC) which makes the analysis of time unit of DL/UL HARQ RTT Timer more complex. Other than LTE, NR supports multiple numerologies and different numerology. If the numerology switch occurs during the DL/UL HARQ process, then the number of OFDM symbols or slots may not be appropriate to act as the time unit of HARQ RTT Timer with the reason that different numerology will have different duration time of OFDM and slot. In order to simplify the analysis, we will discuss in two cases.
Case 1: Numerology will not change during the overall HARQ process. This case is reasonable under the situation that the DCI and data transmission at gNB side are in same subframe/slot or in same numerology and the data reception and NACK/ACK feedback at UE side happen in same BWP. Even though the parameters K0 and K3 for DL HARQ and K4 for UL HARQ have not been discussed in detail, we can assume that their time unit can be slot as they are related to the gNB/UE scheduling while the scheduling in NR is based on slot. For the sake of realizing the unit alignment, it would be better to choose OFDM symbol as the time unit. If we adopt slot as the time unit, it will introduce extra complexity for UE operation as UE need to improve sensitivity to perform the count successfully and accurately.
Observation 1: The time unit of DL/UL HARQ RTT Timer can use the number of OFDM symbols or the OFDM symbol duration under the case that the numerology does not change during the overall HARQ process.
Case 2: Numerology will change during the HARQ process. This case will occur under the situation that the Cross-carrier scheduling is applied or BWP switch happens at UE side. Due to different numerology have different OFDM/slot duration, either the number of OFDM symbols or the number of slots is not suitable to serve as the time unit. Under this case, it would be better to use OFDM symbol duration to count the DL/UL HARQ RTT timer with the reason that the OFDM symbol duration can indicate the absolute time.
Observation 2：The time unit of DL/UL HARQ RTT Timer can use the OFDM symbols duration under the case that the numerology does change during the overall HARQ process.
According to the analysis given above, the solution of using the OFDM symbol duration which is applicable for both Case 1 and Case 2 should be used as the time unit of DL/UL HARQ RTT Timer. To finalize the detailed calculation of HARQ RTT Timer in RAN2, how K0/3/4 is indicated should be clarified by RAN1.
Proposal 3: The time unit of DL/UL HARQ RTT Timer is OFDM symbol duration.
Proposal 4: To send an LS to RAN1 to clarify the following the parameters used for DL/ UL HARQ RTT Timer: K0, K3 and K4.
· Question 1: How (e.g. DCI, or RRC, or pre-defined) is K0, K3 and K4 indicated to the UE?

· Question 2: What time unit (e.g. number of OFDM symbol) is used for K0, K3 and K4?
3. Conclusion

In this contribution, we discuss the time unit and the calculation of DL/UL HARQ RTT Timer in NR. Based on the discussion, we have the following proposals:

Observation 1: The time unit of DL/UL HARQ RTT Timer can use the number of OFDM symbols or the OFDM symbol duration under the case that the numerology does not change during the overall HARQ process.

Observation 2：The time unit of DL/UL HARQ RTT Timer can use the OFDM symbols duration under the case that the numerology does change during the overall HARQ process.

Proposal 1: The DL HARQ RTT timer is set to K0 + K1 + K3, where:

· K0: between DL assignment and corresponding DL data reception

· K1: between DL data reception and corresponding acknowledgement

· K3: between the HARQ feedback and the expected retransmission
Proposal 2: The DL HARQ RTT timer is set to K2 + K4, where:

· K2: between UL assignment and corresponding UL data transmission.

· K4: between UL data reception and the expected re-transmission.

Proposal 3: The time unit of DL/UL HARQ RTT Timer is OFDM symbol duration.

Proposal 4: To send an LS to RAN1 to clarify the following the parameters used for DL/ UL HARQ RTT Timer: K0, K3 and K4.
· Question 1: How (e.g. DCI, or RRC, or pre-defined) is K0, K3 and K4 indicated to the UE?

· Question 2: What time unit (e.g. number of OFDM symbol) is used for K0, K3 and K4?
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