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1 Introduction

During the Rel-14 SI on NR, at RAN1 #86bis meeting, RAN1 agreed to the following on timing relationships in NR [1]:

· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

At the 1st ad-hoc meeting on NR, the following was agreed [2]:

· 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

At the RAN1#88 meeting, the following agreements were made regarding timing relationships in NR for common control messages [3]:
· 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
At the RAN1 #88bis meeting, the following were agreed regarding DL control channel monitoring and support of minimum data channel duration of one symbol [4]:
· 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.
Further, it was also agreed to support indication of flexible data channel durations [4]:
· 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

In this contribution, we present our views on time domain resource allocation for DL and UL including considerations on scheduling delays, and on support of flexible data channel durations.
2 Scheduling delays for DL and UL

It has been already agreed to support dynamic indication of scheduling delays using a combination of DCI-based signaling from a set of values configured by higher layers.

Considering the recent agreements on the support of DL control channel monitoring at OFDM symbol level and support of flexible data channel duration, how the scheduling delays for scheduling of PDSCH or PUSCH relative to the PDCCH carrying the DL assignment or UL grant respectively apply need to be determined.

In this regard, the delay (‘K0, K1, K2’) values can still be indicated in terms of slots. In order to indicate gaps between the PDCCH occasion and the scheduled PDSCH/PUSCH that are less than a slot duration, if both control and data (or start of data channel) happen to be in the same slot, then the time gap from the PDCCH to the start of the data channel is indicated by indicating the starting symbol of the corresponding data channel, and the corresponding ‘K’ value is 0. In addition, if the control and the start of the data channel happen to be in different slots, then the corresponding ‘K’ value indicates the difference between these slot indices, while any further time gap from the beginning of the slot to the start of the scheduled data channel can be indicated using the starting symbol within the slot for the data channel.

Proposal 1
· Scheduling delays are indicated using the ‘K0’ and ‘K2’ values in units of slots of the corresponding numerology and the starting symbol within a slot for the corresponding data channel (PDSCH and PUSCH respectively).

If cross-numerology scheduling is supported, wherein the numerologies between the PDCCH and the PDSCH/PUSCH are different, the lengths of a “slot” for the two numerologies can be different. In order to ensure alignment at the slot boundaries and flexible access to the finer time domain granularity of the larger SCS, the unit of K0 and K2 should be in terms of the slot definition of the numerology with the larger SCS. 
Proposal 2
· For cross-numerology scheduling (if supported), scheduling delays are indicated using the  K0 and K2 values, in terms of slots corresponding to the numerology with larger subcarrier spacing (SCS), and the starting symbol within the slot for the corresponding data channel (PDSCH and PUSCH respectively).
For certain cases of DL scheduling, the UE may need to decode the PDCCH before it may be able to receive the scheduled PDSCH. These could be when the UE monitors PDCCH in a BW part that is non-overlapping with the BW part on which the PDSCH is scheduled. Another example is when the beam pair link (BPL) used for PDSCH is indicated in the PDCCH. In such cases, there should be a sufficient time gap between the PDCCH and the scheduled PDSCH to enable the UE to perform the PDCCH decoding and adjust either its carrier frequency and/or RF bandwidth or its receiver beamforming. This time gap should be dimensioned considering the decoding time for the PDCCH blind decoding attempts and the exact value(s) should be determined once the PDCCH blind decoding requirements are determined.

Proposal 3
· In cases wherein the UE may need to decode the PDCCH in order to receive the PDSCH, sufficient amount of minimum scheduling delay should be guaranteed considering the time necessary for PDCCH blind decoding in the search space.

3 Time domain resource allocation for DL and UL data
Given the agreements in RAN1 on support of configurable DL control channel monitoring occasions including monitoring every OFDM symbol, the support of minimum data channel duration of one symbol, and flexible scheduling delays between control and data, an extremely flexible time-domain scheduling framework is already available at our disposal. With these agreements, the current framework using slot and symbols can be used to realize all desired functionalities of flexible time-domain scheduling and an introduction of a “mini-slot” structure as special scheduling or resource allocation unit is not necessary.

Access to time domain resources in terms of the slots and symbols is sufficient to realize full flexibility as will be elaborated next.

Observation 1

· Introducing “mini-slots” as a time-domain structure in the RAN1 specifications may not be necessary.

For the support the objective of flexible time domain resource assignment, the following (not necessarily mutually exclusive) aspects are considered in the rest of the contribution:

· Scheduling opportunities

· Scheduling delay from the end of the PDCCH to the scheduled PDSCH in terms of slots and/or symbols

· Data channel scheduling with flexible durations
· Handling of PDCCH monitoring occasions during the data channel duration

3.1 Scheduling opportunities
With fully configurable DL control channel monitoring occasions being possible, a UE can be configured to monitor PDCCH in terms of a group of symbols or slots, both including the cases of every symbol and every slot. Some further details of configurations for DL control channel monitoring are described in [5].
Once configured, the UE is expected to monitor for PDCCH accordingly, and these monitoring occasions may occur at any symbol within a slot.

3.2 Data channel scheduling with flexible timing 
Regarding support of flexible timing, indication of scheduling delays has already been agreed in RAN1. Accordingly, the scheduling delay from the PDCCH to the PDSCH, K0, and from the PDCCH to the PUSCH, K2, can be indicated in terms of number of slots from the slot containing the PDCCH and that with the scheduled PDSCH/PUSCH. 
3.3 Data channel scheduling with flexible durations

For data channel scheduling, the duration can be indicated at least in part using the DL assignment or UL grant carried by the PDCCH. This may include:

· Starting symbol of a data channel within a slot

· Ending symbol of a data channel within a slot

· Duration of the data channel being scheduled 

For PDSCH/PUSCH occupying less than a slot-duration and limited to within a single slot, it is sufficient to indicate the starting and ending symbol for PDSCH/PUSCH, and no additional indication of duration of the PDSCH/PUSCH is necessary. 

However, there are cases wherein the DL or UL shared channel occupies symbols spanning multiple slots. Indication of the time domain resources for such PDSCH/PUSCH can be achieved by indicating the following:

· symbols occupied within each slot from the first through the last slot carrying PDSCH/PUSCH, including

· starting symbol within the first slot for the PDSCH/PUSCH, and
· ending symbol within the last slot for the PDSCH/PUSCH.

Note that, not all of the above needs explicit indication via Layer 1 signaling.

Proposal 4
· For PDSCH/PUSCH occupying less than a slot-duration and limited to within a single slot, it is sufficient to indicate the starting and ending symbol for PDSCH.

· For PDSCH/PUSCH occupying OFDM symbols spanning multiple slots, indication of the time domain resources can be performed by indicating the following combination:
· symbols occupied within each slot from the first through the last slot carrying PDSCH/PUSCH, including

· starting symbol within the first slot for the PDSCH/PUSCH, and

· ending symbol within the last slot for the PDSCH/PUSCH.

For the case as described above, a single PDSCH/PUSCH TB is mapped to resources spanning multiple slots. Furthermore, since the main purpose of such use of “aggregated slots” is primarily of utilization of (otherwise possibly fragmented) resources across slots, the number of slots that may be aggregated can be limited to a maximum value, say, S. Furthermore, these ‘S’ slots should be consecutive in time for them to be aggregated. The value of ‘S’ may be specified, e.g., S = 2 since aggregation of up to two slots can be sufficient to serve this purpose.

Thus, for a PDSCH/PUSCH scheduled in symbols spanning ‘S’ slots, the time domain resource assignment starts at the starting symbol within slot #n, occupies the available symbols in slots #(n+1), …, #(n+S-1), and the available symbols until the indicated ending symbol within slot #(n+S).

Accordingly, here, the concept of aggregation of a number of slots and certain number of symbols from the first and last slot respectively is used to map the PDSCH/PUSCH. 
Proposal 5
· When a single PDSCH/PUSCH TB is mapped to resources spanning multiple consecutive slots, the number of aggregated slots used to carry the PDSCH/PUSCH TB is limited to a specified small value, e.g., S = 2.
Different approaches can be considered for the signaling of these parameters including appropriate combinations of higher layer and Layer 1 signaling. In this regard, some simplifications may be considered to limit the resulting DCI size:
· Option A: For intermediate slots, all available DL/UL symbols are assumed as used to map the PDSCH/PUSCH
· A default configuration for all available DL/UL symbols in a slot may be provided to the UE via higher layers or could be specified. For instance, one configuration may include that all symbols in the intermediate slots are available, while another configuration may indicate that all symbols except the first three and last one or two symbols are available in a slot.
· Option B: A few candidates for starting and ending symbols can be configured via higher layers and one of these indicated via the DCI scheduling the PDSCH/PUSCH.

3.4 Handling of PDCCH monitoring occasions during the data channel duration

With flexible starting points and data channel durations, it is possible that a PDSCH allocation overlaps in time-domain with a PDCCH monitoring occasion. This PDCCH monitoring occasion could be one occurring at the beginning of a slot (typically used for slot-based scheduling) or could be one occurring in the middle of a slot (part of the USS configuration). For the former case, the PDSCH may be rate-matched around the PDCCH symbols at the beginning of a slot, but for the latter case, the UE may assume that PDSCH is transmitted in the resources corresponding to the PDCCH monitoring occasion in case of overlaps in frequency (and time) domain  and accordingly is not expected to monitor for PDCCH during this occasion. 

Proposal 6
· In case of time domain overlaps between PDCCH monitoring occasions and PDSCH reception, a UE is not expected to monitor PDCCH candidates corresponding to resources that are overlapped by scheduled PDSCH.

4 Conclusions

In this contribution, we shared our views on time domain resource allocation for DL and UL including considerations on scheduling delays, and on support of flexible data channel durations. Based on the discussion, we summarize our views through the following proposals:
Observation 1

· Introducing “mini-slots” as a time-domain structure in the RAN1 specifications may not be necessary.

Proposal 1
· Scheduling delays are indicated using the ‘K0’ and ‘K2’ values in units of slots of the corresponding numerology and the starting symbol within a slot for the corresponding data channel (PDSCH and PUSCH respectively).

Proposal 2
· For cross-numerology scheduling (if supported), scheduling delays are indicated using the  K0 and K2 values, in terms of slots corresponding to the numerology with larger subcarrier spacing (SCS), and the starting symbol within the slot for the corresponding data channel (PDSCH and PUSCH respectively).
Proposal 3
· In cases wherein the UE may need to decode the PDCCH in order to receive the PDSCH, sufficient amount of minimum scheduling delay should be guaranteed considering the time necessary for PDCCH blind decoding in the search space.

Proposal 4
· For PDSCH/PUSCH occupying less than a slot-duration and limited to within a single slot, it is sufficient to indicate the starting and ending symbol for PDSCH.

· For PDSCH/PUSCH occupying OFDM symbols spanning multiple slots, indication of the time domain resources can be performed by indicating the following combination:

· symbols occupied within each slot from the first through the last slot carrying PDSCH/PUSCH, including

· starting symbol within the first slot for the PDSCH/PUSCH, and

· ending symbol within the last slot for the PDSCH/PUSCH.

Proposal 5
· When a single PDSCH/PUSCH TB is mapped to resources spanning multiple consecutive slots, the number of aggregated slots used to carry the PDSCH/PUSCH TB is limited to a specified small value, e.g., S = 2.

Proposal 6
· In case of time domain overlaps between PDCCH monitoring occasions and PDSCH reception, a UE is not expected to monitor PDCCH candidates corresponding to resources that are overlapped by scheduled PDSCH.
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