3GPP TSG RAN WG1 Meeting 90bis



                 R1-1718403
Prague, CZ, 9th – 13th, October 2017
Agenda Item:
7.3.3.6
Source:
AT&T
Title:
Scheduling aspects of mini-slots
Document for:
Discussion/Approval
1 Introduction
In this contribution we summarize some of the remaining issues in regard to mini-slot based transmissions and provide our views on how to address these issues.
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:
· 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

	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)


	CORESET configuration for slot-based and mini-slot based transmissions

	CORESET-freq-dom

Frequency domain resources for the CORESET

 

CORESET-start-symb

Starting OFDM symbol for the CORESET

 

CORESET-time-duration

Contiguous time duration of the CORESET

1,2,3

CORESET-REG-bundle-size 

38.211 clause 7.3.2.2

2, 6

CORESET-Trans-type

Transmission type for the CORESET, it is either interleaved or non-interleaved

interleaved, non-interleaved




	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

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



Lastly, it was agreed during RAN1 AH#3 that RMSI and broadcast OSI can be transmitted using mini-slots:
	Agreements:

· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported

· FFS the handling of PDCCH for non-slot based transmissions

 
Conclusion:
· FFS FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported
· Note: this discussion is related to the bandwidth restriction related to UE


In the following, we present our views and solutions for the highlighted issues in red above. We will exemplify issues and solutions using LTE-NR coexistence in normal DL subframes and RMSI/broadcast OSI delivery in mmWave spectrum and will focus on the RAN prioritized mini-slot lengths of {2,4,7} OFDM symbols. Note, however, that the proposals are not specific to the aforementioned use cases and examples in any way. 
2 Scheduling aspects of mini-slots
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
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) and that it can FDM transmissions whose transmission duration aligns with that of the SS block transmissions. This use case is depicted in 
Figure 3 for both self-scheduled and cross-scheduled mini-slot transmissions. 
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Figure 3: Scheduling options for RMSI/broadcast OSI
The self-scheduled case is further detailed in Figure 4. As can be seen, with the current agreement PDSCH and PDCCH cannot be multiplexed on the same OFDM symbol and CORESET and PDSCH DMRS have to be strictly TDM’ed or FDM’ed. Note that Figure 4 equally applies to sub-6GHz, e.g., the LTE-NR coexistence use case, with the exception that these systems may employ fully digital beamforming without the aforementioned hardware restrictions (viz. colours do not correspond to beams). 
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Figure 4: Self-scheduling of mini-slots

The cross-scheduled case is further illustrated in Figure 5. Note that it has already been agreed that the gNB can inform UEs which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. Hence, a single CORESET as depicted in Figure 5 can be used. 
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Figure 5: Cross-scheduling of mini-slots

It should also be discussed whether for slots with four SS block transmissions the CORESET span can be extended to four OFDM symbols such that all four SS block transmissions can be FDM’ed with broadcast or unicast PDSCH on the same or different CCs that uses the same RF hardware. This is shown in Figure 3 and details can be found in [3]. NR specifications should support both cross-scheduling and self-scheduling of mini-slots and with the conditions laid forward in [2], all Rel. 15 UEs shall support at least cross-scheduling of mini-slots. 
Proposal 1: 
· NR supports self-scheduling of mini-slots where the PDSCH and the CORESET scheduling said PDSCH are FDMed at least on some OFDM symbols 
· In this case the DMRS of the PDCCH is shared with the PDSCH on PRBs that are identical with the CORESET configuration
· NR supports cross-scheduling of mini-slots where the PDSCH and the CORESET scheduling said PDSCH are TDMed with a gap of at least one OFDM symbol between CORESET and PDSCH 
· All UEs regardless of capability at least support cross-scheduled mini-slots to address the following use cases:

· 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 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
3 DMRS design for mini-slots
The agreement on DMRS for mini-slots leaves open the case where some of the PRBs of the symbol of the scheduled data is overlapped with other signals/channels as it happens for self-scheduled mini-slots. Without special handling, PDSCH/PDCCH resource sharing is not possible for mini-slots and strict TDM/FDM of CORESET and PDSCH incl. DMRS is required as depicted in Figure 6.
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 Figure 6: PDSCH/PDCCH resource sharing not possible for mini-slots (strict TDM/FDM required)
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Figure 7: TDM of DMRS and CORESET for mini-slots as for slot based transmissions
Figure 7 shows an alternative where PDSCH/PDCCH resource sharing is enabled even for mini-slots. The details can be found in [1] but the proposal is basically that if the CORESET overlaps with a mini-slot based PDSCH, the DMRS is on the first symbol after the last symbol of the scheduling PDCCH such that DMRS and CORESET for mini-slots is TDM’ed as already the case for slot based transmissions.
Proposal 2:
· If the CORESET overlaps with a mini-slot based PDSCH the DMRS is on the first symbol after the last symbol of the scheduling PDCCH

· This means TDM of DMRS and CORESET for mini-slots as for slot based transmissions
4 Conclusion

In this contribution, we presented our views and solutions for some of the open issues related to mini-slots. The following is proposed:
Proposal 1: 

· NR supports self-scheduling of mini-slots where the PDSCH and the CORESET scheduling said PDSCH are FDMed at least on some OFDM symbols 

· In this case the DMRS of the PDCCH is shared with the PDSCH on PRBs that are identical with the CORESET configuration

· NR supports cross-scheduling of mini-slots where the PDSCH and the CORESET scheduling said PDSCH are TDMed with a gap of at least one OFDM symbol between CORESET and PDSCH 

· All UEs regardless of capability at least support cross-scheduled mini-slots to address the following use cases:

· 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 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
Proposal 2:
· If the CORESET overlaps with a mini-slot based PDSCH the DMRS is on the first symbol after the last symbol of the scheduling PDCCH

· This means TDM of DMRS and CORESET for mini-slots as for slot based transmissions
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