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1 Introduction
From the RAN WG1 NR Ad Hoc meeting, scheduling/HARQ aspects were discussed and the following agreements related to timing indication were achieved [1]:
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
Moreover, in the RAN WG1 meeting #88, the following agreement is further achieved [2]:
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

· 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.
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
The contribution discusses signaling design for HARQ timing indication and the default value of HARQ timing. 
2 Discussion 
In NR, there are three timings to be considered: 1) timing between DL assignment and DL data transmission (noted as K0), 2) timing between DL data reception and its HARQ-ACK feedback (noted as K1), and 3) timing between UL assignment and UL data transmission (noted as K2). Flexible HARQ timings indicated by a field in the DCI from a set of configured values were agreed.
Regarding K0, it was agreed that “NR supports at least same-slot and cross-slot scheduling for DL” and “All Rel. 15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot”. 
Regarding K1 and K2, one main motivation for flexible HARQ timing is different UE capabilities. For a UE with higher processing capability, shorter values for HARQ timing will be configured. On the other hand, for a UE with lower processing capability, more processing time is needed and accordingly longer HARQ timing values will be configured. Therefore, the configured timing values should take UE capability into account, i.e., no less than the minimum timing value reported by UE. As shown in [3], the minimum values of K1 and K2 may be different under various subcarrier spacing and TTI duration configurations. Since a UE can support multiple numerologies in one carrier, it is better to configure the sets of HARQ-ACK timing values separately for different numerologies from the perspective of DCI cost. For instance, assuming minimum K1=2 for 15kHz SCS, we can configure a set of 2 values {2, 3}; assuming minimum K1=4 for 60kHz SCS, we can configure a set of 2 values {4, 6}. Then just 1 bit is needed for K1 field in DCI. If a single set of four values were used, a 2-bit field for K1 would be needed.
Proposal 1: Sets of HARQ timing values (at least include K1 and K2) are separately configured for different subcarriers spaces and/or data transmission durations. 
Another main motivation for flexible HARQ timing is to support dynamic TDD operation. In order to keep a low signaling overhead, the size of timing indication field should be minimized (e.g. 1~2 bits). Accordingly, the number of values within one set should be limited. One possible way to decrease the size of timing indication field or the number of values within one set is to configure the set of possible minimum values instead of specific values by higher layer. It is the similar way in LTE TDD. That is, 4 is the minimum value of K1/K2 under TDD frame structure. With the indicated timing in DCI, the actual value of K1/K2 depends on the slot type configuration, i.e., actual K1/K2 equals to a minimum available value which is greater than or equal to the indicated timing in DCI. As an example, as shown in Figure 1(b), the indicated K1 in DCI of slot 1 is 2, then UE should feedback in slot 3.  However, slot 3 is DL. Thus, UE will feed back in closest available slot, i.e. slot 4. If the specific value is indicated, at least 4 values, i.e. {2, 3, 5, 6}, should be configured. However, if the minimum value is indicated, only 2 values, i.e. {2, 4}, could be configured. 
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Figure 1. An example of timing indication

To reduce the signaling overhead further, this field can be removed when the dynamic timing indication field is not necessary. However, the side effect will be extra indication or the increase of blind decodings for the existence of the HARQ timing indication field. As a result, this field should be always present. 
Proposal 2: The size of fields for K0, K1 and K2 indication by DCI should be minimized (e.g., 1~2bits) and this field should always be present. 

In LTE, a UE will monitor PDCCHs (e.g. Format 1A) with CRC scrambled by C-RNTI, SPS C-RNTI, and temporary C-RNTI in both common search space and UE-specific search space. Similarly, in NR, the HARQ timing will also be indicated by DCI when DCI is detected in a group common search space.   
When the set of values for HARQ timing has not been configured or is reconfigured by higher layer, there is a period of time during which the set of values is unknown to UEs or the set of values is not the same from the gNB side and from the UE side. In this case, when the HARQ timing indication field exists in DCI, it will indicate nothing or indicate an unexpected HARQ timing from the gNB perspective (i.e. an ambiguity problem). Therefore, a default value of HARQ timing should be predefined or configured by system information to solve these problems. If the HARQ timing indication field is always present, the default value should be mapped to one of values. For example, if the HARQ timing indication field contains two bits, the value {‘00’} could be mapped to indicate the default value of HARQ timing. 
Proposal 3: A default value can be configured by system information or predefined, and the default value is mapped to one of the values which are indicated by the HARQ timing indication field. 
3 Conclusions
The contribution discusses the signaling design for HARQ timing indication and the default value of HARQ timing. Based on the discussion, we have the following proposals:

Proposal 1: Sets of HARQ timing values (at least include K1 and K2) are separately configured for different subcarriers spaces and/or data transmission durations. 
Proposal 2: The size of fields for K0, K1 and K2 indication by DCI should be minimized (e.g., 1~2bits) and this field should always be present. 

Proposal 3: A default value can be configured by system information or predefined, and the default value is mapped to one of the values which are indicated by the HARQ timing indication field. 
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(b) Minimum value is indicated








