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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
[bookmark: _Toc446354188]In the RAN1#87 meeting, some agreements were made about the indication for the flexible HARQ timing and the PUCCH resource as shown below:
Agreements:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· 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.

In the contribution, several aspects of HARQ design are discussed.
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 results in difficulty of forward compatibility. When the dynamic TDD is used in NR, 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 some subframes can be used for future services other than eMBB, e.g. the MBSFN traffic. Those services may need 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 with the dynamic TDD. 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 much DL traffic to be transmitted. To adjust DL ratio and 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. Then, the gNB need 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 designated slot, the PUCCH resource may conflict. Then, the PUCCH resource can be also dynamically notified to UE.


 
Figure 1. Example for flexible HARQ timing


Figure 2. Example for flexible HARQ timing in dynamic TDD
Proposal 1: UE can be dynamically notified to change the NR HARQ timing by the eNodeB when it is needed.
Proposal 2: UE can be further notified with the PUCCH resource index to improve the resource efficiency.
Indicating timing and resource
To reduce the DCI overhead and to indicate HARQ timing and PUCCH resources simultaneously in flexible manner, the DCI in the PDCCH may include 1 bit index notifying whether the UE changes the HARQ timing and PUCCH resource for the HARQ feedback for the downlink slot, as shown in Figure 2. When the 1 bit index indicates the UE not to change the HARQ timing and PUCCH resource, the UE can use the default value and predefined rule to get the HARQ timing and the PUCCH resource. When the 1 bit index indicates the UE to change the HARQ timing and PUCCH resource, then the indication information is 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 in the PDCCH to indicate the location of the resource elements for notification of HARQ timing and PUCCH resources. The resource elements for notifying the HARQ timing and PUCCH resources are always located at the front of those resource elements to which the eNodeB 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 2 Example for the indication information multiplexed with the downlink data
Proposal 3: 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 presented, it can be multiplexed with the downlink data in the PDSCH channel.
3. HARQ feedback
3 
4 
5 
In LTE system, a 1-bit ACK/NACK is used to indicate whether the reception of a transport block is correct. But it does not reflect error condition, e.g. how many incorrect code blocks. That is to say, traditional HARQ mainly focuses on robustness instead of efficiency. In the scenario of eMBB, an even larger transport block may include a large number of code blocks. ACK/NACK for the transport block will impact the efficiency of retransmission. e.g., one bit HARQ-ACK cannot be used to reflect error situations such as one code block error or all code block error. A lot of energy is needed for retransmission if all the code blocks have to be retransmitted even small fraction of them failed previously. To solve this problem, multiple ACK / NACK bits should be introduced to reflect more accurately about the error state of transport block. 
Observation 1: When a transport block consists of a large number of code blocks, conventional ACK/NACK response seriously affect the efficiency of retransmission.
Proposal 4: HARQ-ACK with multiple bits per transmit block should be considered for eMBB.
4. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: UE can be dynamically notified to change the NR HARQ timing by the eNodeB when it is needed.
Proposal 2: UE can be further notified with the PUCCH resource index to improve the resource efficiency.
Proposal 3: 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 presented, it can be multiplexed with the downlink data in the PDSCH channel.
Observation 1: When a transport block consists of a large number of code blocks, conventional ACK/NACK response seriously affect the efficiency of retransmission.
Proposal 4: HARQ-ACK with multiple bits per transmit block should be considered for eMBB.
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