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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the NR Ad-Hoc and RAN1#88b meeting, some agreements were made about the indication for the flexible HARQ timing and the PUCCH resource:
	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


Agreements:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping




In the contribution, the HARQ design related to the above agreements are further discussed. A method how to indicate the HARQ timing and PUCCH resources is presented.  
2. HARQ timing consideration
1. 
1. 
2. 
In LTE, the minimum HARQ timing is a fixed value. The PUCCH resource for HARQ feedback is implicitly mapped from the PDCCH resource or explicitly configured by RRC signalling. However, the highly predefined timing imposes restrictions on forward compatibility. Also, when dynamic TDD is used in NR, a semi-static HARQ timing may not be able to adapt well to traffic variations. Moreover, it is also desirable that the HARQ timing can be indicated to a UE dynamically, considering that some sub-frames can be used for future services other than eMBB, e.g. the MBSFN traffic. Those services may need a reservation of some slots.
1 
2 
HARQ timing scheme
In NR, it is agreed to introduce flexible HARQ timing. HARQ feedback for multiple DL transmissions in time can be transmitted in one UL data/control region. Explicit signalling via DCI can indicate the HARQ timing and PUCCH resources very flexibly but it may increase the DCI overhead. In fact, the HARQ timing and PUCCH resource does not change frequently for the UEs. It may need to be adjusted only every few slots, just as shown in Figure 1 below. In that figure, the HARQ feedback for downlink slot#2, slot#3 and slot#4 is transmitted in the uplink slot#5. For the other slots, the timing relationship between DL data reception and the corresponding acknowledgement is n+1, which is the minimum HARQ timing and also considered as a default value. For these other downlink slots including slot#1, and from slot#5 to slot#9, the PUCCH resource index for HARQ feedback can be generated by the predefined rule as it is done in LTE. Therefore, the UE does not need dynamic notification to change the HARQ timing and PUCCH index in these downlink slots. 
Another example about the flexible timing is related to the dynamic TDD operation. In figure 2, for the slot#1, slot#4 and slot#5, the HARQ feedback for the downlink data is assumed to be self-contained. At the slot#3, there is more DL traffic to be transmitted. To adjust the DL ratio and to reduce the GP overhead, the uplink control part is not included in the slot#3 and the HARQ feedback for the downlink data in the slot#3 is sent in the uplink control part of the slot#4 instead. In that case the gNB needs to notify the UE to change the HARQ timing and PUCCH index in the DCI of the slot#3.
Further, when the HARQ timing changes to a designated slot, the PUCCH resources may conflict. Then, the PUCCH resource could also be dynamically notified to the UE. The combination of timing and PUCCH resources should be configurable and used differently depending on the use case.


 
Figure 1- Example for flexible HARQ timing


Figure 2 - Example for flexible HARQ timing in dynamic TDD
Proposal 1: The UE can be configured with a default timing value from a set of values by high layer signalling. The UE can then dynamically be notified to change the default NR HARQ configuration to other timing values (which could be selected out of the pre-defined set). The combination of timing and PUCCH resource index should be configurable.
Indicating timing and resource
In the last Ad-hoc meeting it has been agreed, that a set of timing values between DL assignment and corresponding DL data transmission is configured by higher layer and that the gNB can dynamically indicate one from the set of values by DCI. 
For different UEs, the size of the value set may vary. To reduce the DCI overhead and the complexity of blind decoding, the DCI in the PDCCH may only include a 1 bit flag to notify the UE that the default configuration is dynamically changed. The actual indication information is then multiplexed with the downlink data in the PDSCH channel. The resource elements for this indication information can be determined according a predefined rule, so there is no extra control information needed in the PDCCH for this purpose. The resource elements for notifying the HARQ timing and PUCCH resources are always located at the front of those resource elements to which the gNB is mapping the downlink data. The indication information will then be allocated close to the DMRS position, to facilitate the demodulation of the indication information.



Figure 3- Example for the indication information multiplexed with the downlink data
Proposal 2: Two-level control information can be introduced. The first level control information indicates whether the second level control information of HARQ timing and PUCCH resource index is present or not. If present, it can be multiplexed with the downlink data in the PDSCH channel.
3. Conclusion
Based on the analysis given above, we have the following observations and proposals:
Proposal 1: The UE can be configured with a default timing value from a set of values by high layer signalling. The UE can then dynamically be notified to change the default NR HARQ configuration to other timing values (which could be selected out of the pre-defined set). The combination of timing and PUCCH resource index should be configurable.
Proposal 2: Two-level control information can be introduced. The first level control information indicates whether the second level control information of HARQ timing and PUCCH resource index is present or not. If present, it can be multiplexed with the downlink data in the PDSCH channel.
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