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1. Introduction
In previous RAN1 meetings, it has been agreed that a flexible HARQ timing in supported. The indication of the timing relationship can be done dynamically or semi-statically. In the contribution, several further aspects of HARQ design are provided for dynamic schemes. 
Based on the existing conclusions, further analyses of HARQ ACK on PUCCH in response to PDSCH are provided.  Dynamic schemes are used for illustrating the timing relationship and how to determine the PUCCH resource(s) for HARQ ACK in the frequency domain.
2. On indicating PUCCH timing
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 more difficulties to achieve forward compatibility. When 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 to reserve some slots.
In NR, it is agreed to introduce a 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(s) do not change frequently for the UEs. It may only need to be adjusted every few slots, just as shown in the 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 to be notified dynamically to change the HARQ timing and PUCCH index in these downlink slots.

[image: image1.emf]DL #2

for NR

DL #3 

for NR

DL #4 

for NR

DL #5 

for NR

DL #6 

for NR

DL #1 

for NR

UL #2

for NR

UL #3

for other

UL #5

for NR

UL #6 

for NR

UL #7 

for NR

UL #4

for other

ACK/NACK

n+1

n+3

n+2

n+1

n+1 n+1

DL #7 

for NR

DL #8 

for NR

UL #8

for NR

UL #9

for NR

n+1 n+1

DL #9 

for NR

UL #10

for NR

n+1

 
Figure 1. Example for flexible HARQ timing
Proposal 1: UE can be dynamically notified to change NR HARQ timing and the PUCCH resource index by the eNodeB only when it is needed.
To reduce the DCI overhead and to indicate the HARQ timing and PUCCH resources simultaneously and more flexibly, 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 to a predefined rule, so there is no extra control information in the PDCCH for indicating the location of the resource elements for notifying the 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, making it more favourable for demodulating the indication information correctly.
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Figure 2 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 presented or not. If presented, it can be multiplexed with the downlink data in the PDSCH channel.
3. PUCCH resource
At the RAN1 #86bis meeting, it was agreed that the timing relationship between DL data reception and corresponding acknowledgement can be indicated based on higher layer or physical layer signalling. PUCCH is placed at the ending symbol(s) of the slot. Other locations of the PUCCH are also possible. For example, PUCCH is placed at the beginning symbol(s) of the uplink transmission part of a slot, and a more detailed analysis is given in [2].
1.1 On indicating PUCCH resourceIt was agreed that a PRB (or multiple PRBs) is the minimum resource unit size for the UL control channel in the frequency-domain. Furthermore, if each UE is determining the PRB for its own PUCCH resource individually should be decided further. The following provides some analysis and possible solutions:.
Considering that the dynamic scheme to determine the PUCCH frequency resources is also desirable with the above timing determination scheme, three possible methods could be considered to determine  the UE's PUCCH PRB resource(s):
· Method 1, LTE mechanism can be considered for PUCCH. The PUCCH PRB resource of the UE is derived from the CCE with the smallest index of the DCI.
· Method 2, the PUCCH PRB resource of the UE can be deduced from the PRB having the smallest index in the PDSCH PRB allocated for the UE. The PUCCH PRB(s) preferably does not exceed the PDSCH PRB range in the frequency domain.

· Method 3, the PUCCH PRB resource of the UE can be deduced from the PRB having the smallest index in the PUSCH PRB allocated for the UE when there is a PUSCH scheduling in the slot.

· Note: For Method 3, if the UE does not have a PUSCH scheduled in that slot, the UE's PUCCH PRB can be determined according to Method 1 or Method 2.
Below, the three methods above are analyzed further: In Method 2 and Method 3, the results of the channel quality measurements can be applied as PUCCH to improve the performance for TDD. The PDSCH/PUSCH PRB is assigned to the UE according to the results of the channel quality measurements. Thus, when these PRBs are used to transmit the PDSCH/PUSCH, the PDSCH/PUSCH performance will be ensured together. In a DL heavy slot (e.g., a self-contained structure) and when Tx/Rx reciprocity is available, PUCCH is transmitted in the frequency domain by using PRB used by PDSCH in that slot. The PUCCH transmission performance will be also improved since the PRB with the best instantaneous channel quality is selected by the scheduler for the PDSCH. In an UL slot, when the UE has PUSCH, the PUCCH should be transmitted by using the same PRB as the PUSCH. Then, the PUCCH transmission performance will also be improved, since the channel quality of the PRB for PUSCH transmission could also be optimal.
In Method 1, the multiplexing is basically for frequency diversity over the whole system bandwidth. The channel quality measurements cannot be applied to PUCCH to improve performance. 
Thus, Method 2 and Method 3 are preferable for NR, considering they can fully use the channel measurement results to transmit PUCCH. 
Proposal 3: Dynamic determination of PUCCH frequency resource should be supported as a basic scheme to enable NR dynamic operation. The channel measurement result and the Tx/Rx reciprocity should be considered as factors for determining the transmission PRB of the PUCCH at least for HARQ ACK.

Proposal 4: Method 2 and Method 3 can be used as starting points to determine the PRB of the PUCCH for HARQ ACK. 
In Method 2 and Method 3, exact derivation rules can be further decided.
When the ACKs of a number of downlink slots are transmitted in the same slot, those method of dynamic PUCCH frequency resource may cause PUCCH PRB collisions of different UEs (e.g. PDSCHs of multiple UEs / PUSCH the minimum index PRB is the same in number of slots). 
Therefore, a complementary signalling indication needs to be introduced. E.g. by introducing an offset parameter, it describes the offset relative to the minimum index PRB. The offset can be notified by the TRP via the physical layer or higher layer signalling.
Proposal 5: The PRB of the PUCCH for HARQ ACK can be determined by additional explicit signalling to resolve possible collision.
4. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: UE can be dynamically notified to change NR HARQ timing and PUCCH resource index by the eNodeB only when it is needed.
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 presented or not. If presented, it can be multiplexed with the downlink data in the PDSCH channel.
Proposal 3: Dynamic determination of PUCCH frequency resource should be supported as a basic scheme to enable NR dynamic operation. The channel measurement result and the Tx/Rx reciprocity should be considered as factors for determining the transmission PRB of the PUCCH at least for HARQ ACK.
Proposal 4: Method 2 and Method 3 can be used as starting points to determine the PRB of the PUCCH for HARQ ACK. 
Proposal 5: The PRB of the PUCCH for HARQ ACK can be determined by additional explicit signalling to resolve possible collision.
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