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1 Introduction
As for time-domain resource for UL/DL transmission, it was agreed that data channel can have variable duration from 1 symbol to multiple slots and start at any symbol, and the timing between PDCCH and PDSCH/PUSCH transmission  can be dynamically indicated in following agreements [1], [2]. 
	· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations

· Note: this is addition to the agreements at RAN1#86.

· Note: 1-symbol case may be restricted depending on the BW.
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission

· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols

· FFS: the indicated duration is the number of slots

· FFS: the indicated duration is the numbers of symbols + slots

· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used

· FFS: rate-matching details

· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown
· 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
· 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 this contribution, it is discussed how to determine the starting/ending position and duration for PDSCH/PUSCH transmission for single slot and multi-slot case. The scheduling time is also discussed for DCI-based and SPS transmission.  

2 Variable starting position and data channel duration
In LTE, the UE by default assumes that the DL data transmission starts from the 1st symbol after the control region in a subframe, where the length of the control region is indicated by PCFICH, and it ends in the last symbol in a DL subframe, where the last symbol is #13 symbol in a normal DL subframe and configured by SIB for DwPTS. For UL, a UE by default assumes that the UL data transmission occupies all OFDM symbols in a subframe, except the SRS subframe in which PUSCH is rate matched around the last symbol. 

In NR, the starting position as well as the duration (or equivalently the ending symbol) of DL/UL data transmission can be changed, e.g., starting from any symbol with one symbol duration or up to a slot or spanning over several slots (for slot-aggregation), to support various scenarios, such as dynamic TDD, dynamic reuse of control resources for data transmission to improve spectrum efficiency, RF beamforming over 6GHz for multiple UEs in one slot, or LTE-NR coexistence. 
2.1 Variable duration 
The duration of a data transmission can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. The duration consists of two-level granularity, the number of slot and symbol. 

When a UE is configured with single slot scheduling, the number of slot is one, and the number of symbols can be from one to all symbols of a slot. When a UE is configured with multi-slot scheduling, i.e., a single scheduling grant in a slot can schedule N (1< N <= Nmax) Transport Block (TB) transmissions in N slots (i.e. an independent transport block per slot), the number of slot is two to Nmax, and the number of symbols can be from one to all symbols of a slot. Similar to multi-subframe scheduling in eLAA, the maximum number of aggregated slots Nmax can be semi-statically configured while the number of scheduled slot N can be dynamically informed by DCI. The value of Nmax is a trade-off between signalling overhead reduction and scheduling flexibility. Nmax =4 in eLAA can be the starting point for NR. As in eLAA, A UE can be configured to monitor PDCCH for both single-slot scheduling and multi-slot scheduling (with different DCI format) at the same time. 
2.2 Variable starting/ending position
Similarly, the start symbol of the data transmission can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. The ending symbol can be explicitly configured/indicated or derived from the symbol-level duration. 

Generally speaking, the start/end symbol of PDSCH/PUSCH can be any symbol within one slot. Yet, to limit the overhead, at least for dynamic indication by DCI, joint coding of start and end symbol should be considered. One approach is to reuse the indication method of resource allocation type 2 in LTE, or, a set of combination of the start symbol and end symbol can be semi-statically configured, and the exact one is dynamically indicated in the UE-specific DCI. 
The indication of start/end symbol for multi-slot scheduling by a single DCI is quite complex than single-slot scheduling, considering the start/end symbol in each slot of aggregated slots may be different. The simplest way is that the same start/end symbol applies in each slot. Common start/end symbol in each slot may have material impact on scheduling efficiency for dynamic TDD operation, because it either leads to unused resources in some slots with longer duration or it restricts the UL/DL configuration. On the other hand, per-slot indication guarantees full flexibility at the cost of excessively large DCI overhead. As a compromise, a set of start/end symbol pattern over multiple slots can be configured by higher-signalling and DCI indicates one pattern. Alternatively, DCI only indicates start symbol for 1st slot and end symbol for last slot, and for the slot(s) in-between, it is informed by SFI in a group-common PDCCH based on the assumption that PDSCH/PUSCH occupies the whole DL/UL region or default value if no SFI is received. Now that the duration in each slot could be different, slot-common MCS may not be efficient to achieve desirable coding rate over different number of available resources in each slot.  

2.3 Unknown start symbol/duration 
For semi-static configuration of start symbol/duration, UE may not know the value before correctly decoding the configuration signalling, e.g., during RRC configuration/reconfiguration period. Similarly, for dynamic configuration, if the values of the bit field are RRC configured, the uncertainty of start symbol/duration also exists. For both cases, the default value should be defined, and gNB relies on a specific DCI, e.g., DCI in common search space, to switch to the default value. 

Proposal 1: For single-slot scheduling, the granularity of start symbol and duration is symbol, while the duration is slot+symbol for multi-slot scheduling. Joint coding of start symbol and duration should be supported. 
Proposal 2: For multi-slot scheduling, FFS whether use the same start symbol/duration for all slots or other mechanisms to support independent start symbol/duration in each slot. 
Proposal 3: Support default value of start symbol/duration when a UE receives DCI in common search space. 
3 Scheduling time  
3.1 Configuration of DL/UL 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. 
Dynamic UL scheduling timing enables flexible PUSCH transmission timing to cope with dynamic DL/UL configuration and forward compatibility. Meanwhile, it facilitates analogy RX beamforming at gNB side, wherein UEs with the same DL Rx beam but different UL Rx beam can be scheduled in different time opportunity for PUSCH transmission. 
RAN1 agreed that timing between DL assignment/UL grant and corresponding PDSCH/PUSCH is indicated by a field in the DCI from a set of values, which is configured by higher layer. Generally, the timing consists of slot-level and symbol-level. To have common signaling design for UEs supporting self-contained structure and other category UEs, the signalling granularity for timing should be slot (or mini-slot). The starting position of PDSCH/PUSCH in the indicated slot can be informed by additional bit field rather than timing indication. 

The proper scheduling timing is different for DL and UL, e.g., there is processing latency for UL while not the case for DL. Hence, the set of scheduling time for DL and UL should be configured independently. Furthermore, in different scenarios, the proper number of DL/UL scheduling timing and the candidate value of DL/UL 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/PUSCH 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 4: Sets of DL/UL scheduling timing values are separately configured by higher-layer signalling for different numerologies. 

3.2 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. The transmission timing for Msg 3 also needs to be determined. In LTE, the timing relation is fixed as first available UL sub-frame at least in 6 sub-frames after the detection of RAR. In addition, there is one-bit parameter named UL delay in UL grant to balance the resource. In NR, due to the introduction of beamforming, the transmission timing for Msg 3 should be flexible, as gNB will have the specific preferred/selected UL Rx beam for each UE in different UL slots. One simple solution is that, one reference timing is broadcasted by SIB, and extending the UL delay field in RAR to indicate UE-specific offset. For example, extending the UL delay field into 3 bits, then the gNB could indicates 8 different slots. 
After RRC connection establishment, there is still some scenario in which UE may not be certain about DL/UL scheduling timing configured by RRC signaling, e.g., 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/0 for all TMs. The default timing could be either fixed as 0 for DL and 4 for UL or provided by SIB. 
Proposal 5: When a UE receives PDSCH/PUSCH 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, UL scheduling timing for Msg 3 can be indicated by the combination of the common reference timing provided by SIB and UE-specific offset by UL delay field in RAR.
· For other case, DL/UL scheduling timing could be either fixed as 0 (DL)/4 (UL) or delivered by SIB.  
3.3 Scheduling timing for SPS  
For SPS transmission, only the first transmission of PDSCH/PUSCH is scheduled by DCI (SPS activation), and other PDSCH/PUSCHs may be transmitted periodically without DCI. Dynamic scheduling timing is only beneficial for flexible scheduling in the slot containing first transmission of PDSCH/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 6: For SPS PDSCH/PUSCH, the scheduling timing can be a default value or configured by higher-layer signalling. 

4 Conclusions
In this contribution, the time-domain resource allocation aspects are discussed, including the start symbol/duration and scheduling timing for single and multi-slot scheduling. The followings are summary of this contribution. 
Proposal 1: For single-slot scheduling, the granularity of start symbol and duration is symbol, while the duration is slot+symbol for multi-slot scheduling.
Proposal 2: For multi-slot scheduling, further study whether use the same start symbol/duration for all slots or other mechanisms to support independent start symbol/duration in each slot. 

Proposal 3: Support default value of start symbol/duration when a UE receives DCI in common search space. 
Proposal 4: Sets of DL/UL scheduling timing values are separately configured by higher-layer signalling for different numerologies. 

Proposal 5: When a UE receives PDSCH/PUSCH 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, UL scheduling timing for Msg 3 can be indicated by the combination of the common reference timing provided by SIB and UE-specific offset by UL delay field in RAR.
· For other case, DL/UL scheduling timing could be either fixed as 0 (DL)/4 (UL) or delivered by SIB.  
Proposal 6: For SPS PDSCH/PUSCH, the scheduling timing can be a default value or configured by higher-layer signalling. 

References
[1] RAN1 Chairman’s note, 3GPP RAN1 Meeting #86bis. 

[2] RAN1 Chairman’s note, 3GPP RAN1 Meeting #88bis. 

