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Introduction
In NR, one common network should be able to serve multiple services of deviated QoS requirements. HARQ configuration shall be considered to fulfil different delay requirements. 
In RAN1, there is still ongoing discussions regarding the relevant delay parameters for HARQ operation (exemplified in Figure 1). For instance,
· K0: Delay between DL grant and corresponding DL data (PDSCH) reception
· K1: Delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL
· K2: Delay between UL grant reception in DL and UL data (PUSCH) transmission
· K3: Delay between ACK/NAK reception in UL and corresponding retransmission of data (PDSCH) on DL
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[bookmark: _Ref481488690]Figure 1 Illustration of HARQ delay parameters
The related RAN1 and RAN2 agreements are listed below.
In RAN1-86bis [2], there are the following agreements:
	· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)



In RAN1-87[3], one agreement to indicate the HARQ feedback timing has been reached:
	· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI



From the above agreements, we have the following observations:
[bookmark: _Toc481144028][bookmark: _Toc481867546]Dynamic HARQ timing is allowed in NR.
[bookmark: _Toc481144029][bookmark: _Toc481867547]Different UEs may have different processing delay capability in NR.
[bookmark: _Ref178064866]Discussion
For the 4 parameters above, currently it is being discussed in RAN 1 on which parameters shall be dynamically indicated to the UE and the candidate values for the parameters. Dynamical indication of the delay parameters allows more flexibility for scheduling behaviour of the scheduler at the cost of large DCI size. Hence we shall carefully analyse which parameter and its candidate values shall be selected for HARQ operation. Below are some examples to illustrates the requirements of different delay parameter settings:
-	K0=0 should be supported by all UEs similarly as LTE, which means the PDSCH is transmitted in the same slot as the corresponding PDCCH. In NR, there is also operation bandwidth reconfiguration requirement for a UE. For instance, a UE may be configured to be operated over a subband within a large system bandwidth for UE power saving. However, when the UE requires high data rate, the UE should be reconfigured to be operated in a larger bandwidth, which will generate some delay before the UE can receive data in a larger bandwidth. Hence, K0=1 can be useful for e.g. opening up the UE Rx BW.
-	For K1 and K2, it is important to have the possibility for ‘same slot’ ACK for DL data transmission and the ‘same slot’ grant for UL data transmission in order to support delay sensitive services, i.e. K1=0, K2=0. Some (low-end) UEs may support a minimum of e.g. K1=1 and K2=1; the values should at least be significantly smaller than LTE to get a latency gain. Note that, even if the UE is capable of transmitting data or ACK after K1=1/K2=1, there might be reasons, e.g. coexistence with TD-LTE, when the NW wants the ACK at a later time instant.
-	For K3, it is a pure implementation issue. The network can schedule the HARQ feedback for DL data transmission when necessary. There is not clear benefit to dynamically indicate the timing for HARQ feedback in DL assignment for DL data transmission at the cost of large DCI size.
Figure 1 below show 4 different cases for HARQ operations. The corresponding values of relevant HARQ delay parameters of corresponding data transmissions are summarized into the table in the figure.
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[bookmark: _Ref481064876]Figure 2 HARQ delay parameter setting in HARQ operation
[bookmark: _Toc481144030][bookmark: _Toc481867548]It is beneficial to allow HARQ operation with different delay settings.
[bookmark: _Toc481144031][bookmark: _Toc481867549]It is not necessary to configure K3 with explicit signalling.
From above discussions, it can be concluded that uniform delay predefinition for HARQ operation in LTE cannot be reused in NR due to various requirements of either latency requirement of service or radio performance improvements (e.g. spectrum efficiency, UE power saving etc). A set of candidate values for some parameter shall be identified so that RRC can configures to candidate values for a UE according to the requirements of service latency and/or radio performance. 
[bookmark: _Toc481678355][bookmark: _Toc481867550][bookmark: _Toc481144062][bookmark: _Toc481674484]RRC is used to configure a set of values for each HARQ delay parameter (K0, K1, K2), details FFS. 
The set of values for one HARQ delay parameter are regarded as candidate values that can be dynamically selected at scheduling. The exact values that are configurable for each HARQ delay parameter and the control signal design to indicate the selected value from the configured ones for a HARQ delay parameter are to be discussed in RAN1.
Conclusion
In section 2 we made the following observations:
Observation 1	Dynamic HARQ timing is allowed in NR.
Observation 2	Different UEs may have different processing delay capability in NR.
Observation 3	It is beneficial to allow HARQ operation with different delay settings.
Observation 4	It is not necessary to configure K3 with explicit signalling.

Based on the discussion in section 2 we propose the following:
Proposal 1	RRC is used to configure a set of values for each HARQ delay parameter (K0, K1, K2), details FFS.
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