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Discussion and decision
1 Introduction
In NR, there are three timings to be considered; 1) timing between DL assignment and DL data transmission, 2) timing between UL assignment and UL data transmission, and 3) timing between DL data reception and its HARQ-ACK feedback. In Rel-8 LTE, the above three kinds of timings are fixed in FDD or determined by semi-static UL/DL configuration for TDD. To enable more flexible operation and dynamic slot structure, how to support flexible/configurable timing has been studied in NR.  The relevant agreements up to RAN1 88b meeting are shown as follows. 

	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:
· 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



This contribution considers aspects of scheduling timing for DL data channels, while the discussion on scheduling timing for UL data channels and HARQ-ACK is discussed in [1, 2]. 
2 Discussions 
In LTE, DL data is transmitted in the same subframe as the DL assignment. In NR, the occasion of DL assignment and DL data can be decoupled. Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values, which is configured by higher layer. 
Configuration of DL scheduling timing 
With flexible DL scheduling timing, control channel load balance is achieved by cross-slot/mini-slot scheduling in addition to the same-slot scheduling. It also improves the overall control channel resource efficiency for different slot types, .e.g., in UL-centric slot, PDCCH in DL control region in first one or two symbol can schedule PDSCH in next DL slot. Furthermore, it facilitates PDSCH reception by restricted bandwidth UE requiring timing gap for retuning when PDSCH and PDCCH are in different bandwidth parts. On the other hand, cross-slot scheduling incurs larger latency. 
Obviously, in different scenarios, the proper number of DL scheduling timing and the candidate value of DL scheduling timing could be different. For example, it depends on the numerology associated with a particular service type. It is also related to PDCCH monitoring occasion as well as PDSCH duration, e.g., only a few symbols or over multiple slots. Therefore, it is beneficial to separately configure the sets of DL scheduling timing values for different numerologies.     
Proposal 1: Sets of DL scheduling timing values are separately configured by higher layer signalling for different numerologies. 

DL scheduling timing associated with DCI in group common search space
There are some scenarios UE does not certainly know the scheduling timing expected by eNB, e.g., before RRC connection establishment or RRC configuration/reconfiguration period. 
Before RRC connection establishment, when UE tries to receive the SIB, the timing  between DL assignment and DL data transmission should be the default value. Same as LTE, default value can be fixed as 0. 
During the random access procedure, for Msg 2 and Msg 4 reception at UE side, the default value could be fixed as 0 or broadcasted by the SIB which is acquired before random access. 
During the RRC configuration/reconfiguration period, there can be a gNB-UE misunderstanding of UE-specific scheduling timing when the UE fails to receive or has not yet applied the higher layer signaling. In this case, default timing can be used with fallback DCI format, while the RRC-configured timing is used with UE-specific DCI. For example, the DCI in group common search space can be used as fallback DCI, similar to LTE DCI 1A for all TMs. The default timing could be either fixed as 0 or provided by SIB. 
Proposal 2: When a UE receives PDSCH based on DCI detected in group common search space, 
· DL scheduling timing is fixed as 0 for SIB. 
· DL scheduling timing for Msg 2 and Msg 4 during the random access procedure can be provided by SIB. 
· For other case, DL scheduling timing could be either fixed as 0 or delivered by SIB.  
DL scheduling timing for SPS

For DL SPS transmission，only the first transmission of PDSCH is scheduled by DCI (SPS activation), and other PDSCHs may be transmitted periodically without DCI. Dynamic scheduling timing is only beneficial for flexible scheduling in the slot containing first transmission of PDSCH, while it is meaningless for other SPS slot, because the optimal UL/DL resource partition may vary slot by slot. Therefore, a default value or a semi-static configured value is sufficient. Then, the bit field for timing indication in DCI is saved. On the other hand, if the DCI size of SPS activation and normal scheduling should be the same to avoid additional PDCCH blind detection efforts, the bit field for timing indication in SPS activation could be reserved as virtual CRC. 
Proposal 3: For SPS PDSCH, the scheduling timing can be a default value or configured by higher-layer signaling. 
3 Conclusions
In this contribution, DL scheduling timing issues were discussed. It can be summarized as below.
Proposal 1: Sets of DL scheduling timing values are separately configured by higher layer signaling for different numerologies. 

Proposal 2: When a UE receives PDSCH based on DCI detected in group common search space, 
· DL scheduling timing is fixed as 0 for SIB. 

· DL scheduling timing for Msg 2 and Msg 4 during the random access procedure can be provided by SIB. 

· For other case, DL scheduling timing could be either fixed as 0 or delivered by SIB.  

Proposal 3: For SPS PDSCH, the scheduling timing can be a default value or configured by higher-layer signaling. 
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