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1 Introduction

In NR Ad-Hoc meeting [1] and RAN1 #88 meeting [2], some agreements were made about downlink HARQ-ACK feedback timing: 
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 UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding 
UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time
Agreements:
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 

· This applies at least for following.

· PDCCH to PDSCH time difference

· PDCCH to PUSCH time difference

· PDSCH to PUCCH time difference

· FFS: timing relations during random access procedure.

· In case of DCI, FFS whether some entries is modified by UE specific RRC message.

· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration
In [3], we discussed the necessity of supporting semi-static TDD and gave general design principles for semi-static TDD configurations. In this contribution, we will discuss how to indicate downlink HARQ-ACK feedback timing in a semi-static TDD manner. 
2 Downlink HARQ-ACK feedback timing
As discussed in [3], in TDD operation, in both DL and UL transmission directions at least some time resources set should be semi-static configured, to enable the reliability of essential transmission. These essential transmissions at least include initial access related signals, e.g., synchronization signals, PBCH, paging, PRACH, PUCCH, etc. With semi-static configured DL/UL time resource for essential transmission, it would be easier to align transmission direction of these time resources on neighboring cells. Therefore, cross-link interference could be avoided on these time resources. 
For example, as shown in Figure 1, periodic downlink and uplink slot are semi-static configured as 5ms periodicity, and the first slot in the period is downlink, the last slot in the period is uplink, the remaining slots could be flexible/self-contain/blank/forward-compatible slots. Cell 1 & 2 have the same transmission direction on slot #0,4,5,9, therefore, there is no cross-link interference on these slots or no risk of collision between DL transmission and UL transmission.  PUCCH, at least for long-duration PUCCH, could be transmitted on these semi-static configured UL time resources to further enhance coverage and/or capacity. 
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Figure 1: Example of DL/UL essential configuration
For downlink feedback, timing between DL data reception and corresponding acknowledgement may be variable because uplink slot may be dynamic. However, considering the limitation of latency requirement and HARQ process number, the maximum time difference between PDSCH and PUCCH should be restricted. It means that UE should feedback ACK/NACK within a certain number of slots. Periodic appeared uplink slots are helpful to insure HARQ feedback within a certain number of slots. 
Proposal 1: It is suggested to configure a set of slots as uplink slots by higher-layer signalling. Downlink HARQ-ACK feedback timing based on the higher-layer configured uplink slots is recommended to be considered.
In LTE, the minimum delay between DL data reception timing to the corresponding HARQ-ACK transmission timing is fixed as 4 ms, and PDSCH to PUCCH time difference is predefined according to UL/DL configuration in TDD operation. This kind of predefinition lacks of forward compatibility, therefore “reference UL/DL configuration” is introduced in eIMTA to simplify HARQ procedure.
In NR, UE supports a set of minimum HARQ processing time, and PDSCH to PUCCH time difference could be variable. As a result, LTE-like predefined time difference will be more complicated and impose more restrictions on flexibility. In NR, it is agreed that timing between DL data reception and corresponding acknowledgement, denoted by k, is indicated by a field in the DCI from a set of values, where the set of values is configured by higher layer. To make sure that downlink ACK/NACK could be transmitted on semi-static UL slots based on NR agreements, the following schemes for downlink HARQ-ACK feedback timing are discussed:
Scheme 1:  the value set of k is explicit 
In this scheme, the value set of k is configured as a set of absolute value. An example of HARQ feedback timing is shown in figure 2, where minimum delay between DL data reception timing to the corresponding HARQ-ACK transmission timing is assumed as 2 slots. In this case, the value set of k could be explicitly configured as {2,3,4,6} slots by higher layer, and a 2-bit field in DCI could be used to indicated k. This scheme could support feedback on flexible slot but also results more overhead of DCI. As we know, less overhead of DCI means deeper coverage and higher reliability. 
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Figure 2.  Example of HARQ feedback timing (1)
Scheme 2:  the value set of k is implicit
In this scheme, high layer could configure a set of uplink slot used for ACK/NACK feedback and could also further configure a minimum timing difference between PDSCH and PUCCH. k could be determined according to above configuration. Take figure 2 as an example, the ACK/NACK feedback slot set is configured as {#4,#9}, and the minimum timing difference between PDSCH and PUCCH is configured as 2 slots. UE determines k as the smallest integer which is larger than or equal to 2 and corresponding PUCCH slot is included in the ACK/NACK feedback slot set. In this case, there is only one candidate of k, therefore there is no necessary to indicate k via DCI. 
Another example is shown in figure 3, where the ACK/NACK feedback slot set is configured as {#3,#4,#8,#9}, and the minimum timing difference between PDSCH and PUCCH is configured as 2 slots. UE determines k candidate as the m-th smallest integer which is larger than or equal to 2 and fulfils the condition that slot n+k is included in the ACK/NACK feedback slot set, where the UE is assumed receiving PDSCH on slot n, and set of m could be configured by high layer. In this case, there are two candidates of k, therefore a 1-bit field in DCI could be used to indicated k. 
When limited number of slots are configured as fixed uplink slots, scheme 2 could save overhead of DCI. But scheme2 is lack of flexibility to support feedback on flexible slot.
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Figure 3.  Example of HARQ feedback timing (2)
To trade off among coverage, flexibility and DCI overhead, the following two options are proposed:
Option 1:  Scheme 1 & 2 are alternative 
The value set of k could be determined according to scheme 1 or scheme 2, which is configured by high layer. For example, if a UE located in coverage-limited region, scheme 2 could be used; else scheme 1 could be used.
Option 2:  Scheme 1 & 2 are combined 
Some value(s) in the k set is (are) determined according to scheme 1, while the other(s) is (are) determined according to scheme 2. An example is shown in figure 4, where the minimum delay between DL data reception timing to the corresponding HARQ-ACK transmission timing is assumed as 2 slots. The set of k includes a minimum value which makes ACK/NACK feedback on a flexible slot and a value which makes ACK/NACK feedback on a semi-static uplink slot. For details, the first candidate of k is the smallest integer which is larger than or equal to minimum PDSCH to PUCCH delay and fulfils the condition that slot n+k is not a semi-static downlink slot, and the second candidate of k is the smallest integer which is larger than or equal to minimum PDSCH to PUCCH delay and fulfils the condition that slot n+k is a semi-static uplink slot. For instance, on slot #0, the set of k is configured as {2,4} by high layer.  If the UE located in coverage-limited region, k could be indicated as 4 via DCI; else k could be indicated as 2 via DCI. In this instance, the DCI overhead could be reduced comparing with the instance in scheme 1 and more flexible than scheme 2. 
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Figure 4.  Example of HARQ feedback timing (3)
Proposal 2: The candidates in high-layer configured value set of time difference between PDSCH to PUCCH could be explicit and/or determined according to high-layer configured UL slot set which is used for ACK/NACK feedback. 
3 Conclusions

In this contribution, we discussed the necessity and schemes of indicating downlink HARQ-ACK feedback timing in a semi-static TDD manner. In detail, the following is proposed:  
Proposal 1: It is suggested to configure a set of slots as uplink slots by higher-layer signalling. Downlink HARQ-ACK feedback timing based on the higher-layer configured uplink slots is recommended to be considered.
Proposal 2: The candidates in high-layer configured value set of time difference between PDSCH to PUCCH could be explicit and/or determined according to high-layer configured UL slot set which is used for ACK/NACK feedback. 
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