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1 Introduction
At the last RAN1 meeting, the following was agreed:
	Agreements:
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec



Furthermore, we have the following agreements regarding DCI sizes and DCI formats with the same DCI size of a same RNTI:
	Agreements:

· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.

· FFS: for other purposes.

· One DCI size depending on configuration

· FFS: whether both DL and UL have the same size or different.

· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion

Agreements:

· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them

· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space



Additional agreements as they pertain to mini-slots are summarized in the Appendix in Section 6.

Moreover, RAN1 has discussed the commonalities and differences between slot based and mini-slot based transmissions. A summary can be found, e.g., in [1]. 
In this contribution, we discuss the remaining specification impact to conclude these discussions.
2 Background
Mini-slots are an integral part of the NR air interface design and numerous use cases have been identified during the NR study item phase including LTE-NR coexistence, transmission of small packets in wide bandwidths, latency reduction for MBB and URLLC, and time-domain multiplexing of MBB traffic in mmWave systems to account for hardware restrictions arising from analog beamforming to name a few [2]. The different use cases each have their own requirements and constraints, yet, a unified design is desirable and beneficial as it minimizes the specification effort, the implementation and development effort as well as the inter-operability testing effort of NR devices thereby reducing time-to-market and cost-of-ownership. 
At the last RAN1 meeting, it was agreed that the time-domain resource allocation for mini-slots is signaled in the scheduling DCI by providing an index to a UE-specific table whereby said table provides the OFDM symbols used for the PDSCH (or PUSCH) transmission. More precisely, each entry of the table corresponds to a starting OFDM symbol and a length of the allocation in OFDM symbols. Among the FFS points are whether (a) the same table is used for slot based and mini-slot based transmissions and whether (b) cross-(mini)-slot and multi-(mini)-slot allocations are jointly or separately encoded with the starting OFDM symbol and length of the allocation.
In order to be able to derive all necessary table entries for the time-domain resource allocation for mini-slots, we first discuss the use cases that need to be addressed:
2.1 LTE-NR Coexistence

For the case of LTE-NR coexistence in normal DL subframes, it was agreed that mini-slots can be scheduled in OFDM symbols that do not carry CRS. The most straightforward way is to treat each mini-slot as one self-contained transmission comprising both the scheduling PDCCH as well as the scheduled PDSCH. PDCCH and PDSCH both require DMRS for demodulation and it has been agreed that PDCCH REGs are accompanied by its DMRS within the corresponding CORESET whereas for mini-slot based PDSCH transmissions the DMRS is on the first symbol of the PDSCH transmission. This is conceptually illustrated in Figure 1.  
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Figure 1: Self-scheduled mini-slots
Alternatively, mini-slots could be cross-scheduled from the beginning of the mini-slot as shown in Figure 2.
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Figure 2: Cross-scheduled mini-slots
2.2 Analog Beamforming 
A similar use case arises in mmWave spectrum where TxRPs use beam-sweeping and an RF beam spans the entire CC or even multiple CCs in case of intra-band CA where the same RF hardware is used for more than one CC. In this case, it is crucial that the network can TDM multiple beams/transmissions (since FDM is not possible due to the wideband nature of analog beams) and that it can FDM transmissions whose transmission duration aligns with that of the SS block transmissions. These use cases are depicted in Figures 3-5 for both self-scheduled and cross-scheduled mini-slot transmissions. 
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Figure 3: Scheduling options for RMSI/broadcast OSI
2.3 Low-latency transmissions 

The self-scheduled case is further detailed in Figure 4 which can equally apply to sub-6GHz with the exception that these systems may employ digital beamforming without the aforementioned hardware restrictions (viz. colours do not correspond to beams). Very low latencies are supported by the frequent PDCCH monitoring occasions. 
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Figure 4: Self-scheduling of mini-slots

2.4 Forward-compatibility and multiplexing of services
The cross-scheduled case is further illustrated in Figure 5. Cross-scheduling of mini-slots allows for forward compatibility and for multiplexing of existing and future unknown services such as IAB [3].
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Figure 5: Cross-scheduling of mini-slots

3 DCI contents and formats for mini-slots
In our view, there is no difference between slot based and mini-slot based transmissions from a data channel specification perspective other than the DMRS pattern [1]. Hence, we propose that the DCI lets the UE distinguish between slot based and mini-slot based allocations. With regard to the aforementioned table, most entries can be defined without differentiating between slot or mini-slot based allocations. In either case, a starting OFDM symbol and a length of the allocation are required. The DCI does, however, need to provide a means to distinguish between slot and mini-slot based transmissions due to the different DMRS mapping. This could either be done by a single bit in the DCI or by a dedicated DCI format and we believe that the NR Rel. 15 specifications should support both. 
For example, for a PDCCH monitoring periodicity of 14 OFDM symbols and a CORESET configuration at the beginning of a slot (as depicted in Figure 5), a single DCI format can be used for both slot based and mini-slot based transmissions and a single bit can differentiate between the two DMRS mappings for slot and mini-slot based transmissions. 

For shorter PDCCH monitoring periodicities, e.g., as in Figure 4, a dedicated DCI format can be used to schedule mini-slot based transmissions. That is because it is not possible to schedule a slot based transmission from the middle of a slot. Note that a dedicated DCI format does not increase the number of blind decodes if the size for the same RNTI is the same. A dedicated DCI format has the benefit that it allows to reinterpret the entire DCI whereas a single bit may only signal the DMRS mapping but does not affect how remaining DCI bits are interpreted. Hence, a single bit in a common DCI format caters to the use case where the only difference between slot based and mini-slot based transmissions is the DMRS mapping whereas a dedicated DCI field addresses those use cases where mini-slots serve dedicated purposes for a dedicated service or feature. Hence, we think both signaling mechanisms should be supported. 
Proposal 1: A common table is used in the specifications for the time-domain resource allocation for slot based and mini-slot based transmissions.

Proposal 2: NR supports:

· The same DCI format can schedule a PDSCH either with PDSCH mapping type A or B

· A dedicated DCI format can schedule a PDSCH with PDSCH mapping type B 
Note that the HARQ aspects of these proposals are detailed in our companion contribution is [4].
4 Conclusion

RAN1 has discussed the commonalities and differences between slot based and mini-slot based transmissions. A summary can be found, e.g., in [1]. In this contribution, we discussed the remaining specification impact to conclude these discussions. The following is proposed:
Proposal 1: A common table is used in the specifications for the time-domain resource allocation for slot based and mini-slot based transmissions.

Proposal 2: NR supports:

· The same DCI format can schedule a PDSCH either with PDSCH mapping type A or B

· A dedicated DCI format can schedule a PDSCH with PDSCH mapping type B 
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6 Appendix
The following has been agreed so far and is presented here for reference and guidance:
	Starting point for designing mini-slot-level channels/signals/procedures

	Agreements:

· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel

· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling

· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot. FFS: exact timelines

· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)



	Use cases and mini-slot lengths for Rel. 15 (at least for the early drop in December)

	Agreements:
· Remove the support for 7-symbol slots from NR

· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling

· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:

· Slot-based scheduling for downlink

· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot

· Non-slot-based scheduling for downlink

· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data

· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified

· Note: the LS includes the motivations of selected values

· Note: Final decision is up to RAN4

Agreements:

· The PDSCH durations of 2, 4, and 7 OFDM symbols (including DMRS) are motivated by

· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH

· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 

· Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH (e.g., for RMSI)

· Support of very low latency 

· Support of NR transmissions scheduled in LTE non-MBSFN subframes 

· PDSCH can be scheduled on OFDM symbols not carrying CRS

· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul



	DCI design for slot-based and mini-slot based transmissions

	Agreements:
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec

Agreements:
· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:

· One-slot case:

· Starting symbol and ending symbol in the slot

· Which slot it applies to

· Multi-slot case:

· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to

· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to

· The starting symbol and ending symbol are applied to all the aggregated slots

· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot

· Non-slot (i.e., mini-slot) case:

· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included

· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol

· Scheduling DCI with and without time domain field is supported

· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH

· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations

· FFS: handling of semi-static UL/DL and SFI assignment


	Search space design for slot-based and mini-slot based transmissions

	Agreements:

· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor

· FFS details of the corresponding search spaces

Agreements:

· One set of the following parameters determines a set of search spaces

· A set of aggregation levels

· The number of PDCCH candidates for each aggregation level

· PDCCH monitoring occasion for the set of search spaces

Agreements:

· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}

· One value from {0, 1, 2, 3, 4, 5, 6, 8}

· PDCCH monitoring occasion for the set of search spaces

· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)

· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling

Agreements:

· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],

· Slot-level offset value for PDCCH monitoring occasion is also supported.

· For N-slot monitoring occasion, the offset is one from [0, N-1].

· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.

Agreements:

· For the DMRS of NR-PDCCH in a CORESET,

· The QCL configuration/indication is on a per CORESET basis (Alt.1).
Agreements:

· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.

· The association between at least each of the following RNTIs and a DCI format is specified in the specification.

· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).

· The value of C-RNTI is obtained as part of random access procedure.

· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.

· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.

· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.

Agreements:

· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.

· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.

· FFS the indication of the support of aggregation level 16 in the cell

· FFS: Set of search spaces for OSI, random access, and paging.

· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.

· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.

· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.

· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.

· Each CORESET configuration is associated with one or more sets of search spaces.

· Note: each set of search spaces is associated with one CORESET configuration.

Agreement:

· When the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)


	DMRS design for mini-slots

	Agreements:

· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels

· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data

Agreements:

· For slot-based scheduling;

· Confirm the following working assumption with updates:

· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.

· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.

· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.

Working assumptions:

· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise

· This replaces the past working assumption linking DMRS position to bandwidth X
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