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Introduction
The following agreements were reached in RAN1#88bis regarding slot and mini-slot transmission [1]
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS

Agreements:
· 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
· [bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK57][bookmark: OLE_LINK58]FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· [bookmark: OLE_LINK105]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
Agreements:
· [bookmark: OLE_LINK49][bookmark: OLE_LINK50]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
· [bookmark: OLE_LINK106][bookmark: OLE_LINK107]FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK147]FFS: combinations of data duration and granularities of data position
· [bookmark: OLE_LINK99][bookmark: OLE_LINK100]Specification supports data having frequency-selective assignment with any data duration

The following agreements were reached in RAN1#86bis regarding slot transmission [2]
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14


The following agreements were reached in RAN1#87 regarding mini-slot transmission [3]



Agreements:

· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

In RAN1 AH 2, the following agreements were made 

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


Based on these agreements, this paper focuses on unified slot and mini-slot design.
[bookmark: _Ref129681832]Discussion
Different use cases have been identified for use of mini-slots, e.g., URLLC traffic scheduling during a slot of lengths 0.5ms or 1ms, LTE-NR coexistence where within a slot, where few symbols can be used for NR applications, finer TDM granularity of UE scheduling, especially at HF, and last but not least, for efficient unlicensed band operation. Below, we provide overview of different aspects of mini-slot and slot-based transmission. Mini-slot in this paper refers to symbol(s)-based transmission.   
Frame structure
Terminology for mini-slot resource scheduling unit
In situations when a time domain granularity less than a slot is used, i.e., for mini-slot, different terminology for time-frequency transmission unit (e.g., short-PRB or s-PRB) needs to be defined, cf. Figure 1a. Another example is shown in Figure 1b, where number of DL symbols in DL-only slot is 7 whereas it is 5 in a DL-dominated slot. The number of sub-carriers may still be the same as used in PRB. However, to avoid ambiguity when scheduling units of different lengths coexist, a transmission unit with less than 7 symbols may not be called a PRB.  
Observation 1: Symbol-based resource scheduling unit may not be called a PRB. New terminology is needed.
                               [image: ]
Figure 1: Scheduling unit of duration less than a PRB may need different terminologies, as they may consist of same number of sub-carriers but different number of symbols.
DMRS Structure
Slot-based DMRS structure can be used. It has been agreed in RAN1 AH 2 meeting that first symbol of a mini-slot contains DMRS. As every mini-slot can be independently scheduled, it has to be self-contained in terms of DMRS for data demodulation. As agreed in RAN1 88bis, UE is not expected to blindly detect the presence of DMRS. 1-symbol and/or 2-symbol transmission may have DMRS interleaved with control and data. DMRS can be shared for data and control channel decoding.
Proposal 1: DMRS can be shared for data and control channel decoding for symbol based transmission.

Mini-slot lengths
In RAN1#88bis, it was agreed that minimum duration of 1 OFDM symbol can be used for data transmission. In RAN1#86bis meeting, both 7-symbol and 14-symbol slot definitions were agreed.  In RAN1#87 meeting, it was agreed that mini-slot length could be up to slot length – 1. However, in view of all the agreements, it is possible that mini-slot length of 1 to 6 symbols is used and other lengths, e.g., 8 to 13 symbols, can be obtained by aggregation of mini-slot length < 7 and aggregation of 7-symbols slot. 
Proposal 2: Data duration of less than a slot should be restricted from 1 to 6 symbols.
Proposal 3: Data duration longer than 7-symbols but less than 14 symbols can be obtained by aggregating 7-symbol slot with 1 to 6 symbols.
Even though number of symbols from 1 to slot length – 1 is supported, from UE perspective, it may support only one or a set of values out of the all the lengths supported in the spec. Hence, DCI may have a configurable field which will indicate the length, from a set of values configured by higher layer. Indication of data duration for both slot and mini-slot based transmission is discussed in [5].


Mini-slot is uni-directional unit
Mini-slot or a collection of symbols can be used for transmission of traffic in UL and DL. At any given time, mini-slot is a uni-directional transmission unit, either scheduled or unscheduled. In contrast, a slot can be bi-directional, where DL and UL traffic/control are transmitted in DL and UL portions, respectively.
Location of corresponding UL control of a DL transmission based on mini-slot can be indicated. UL part is not coupled with DL mini slot transmission. UL and DL resource allocation may not be received in the same grant. Mini-slot resources for UL and DL transmission are separately allocated. 
                                                      [image: ]
Figure 2. Mini-slot lengths from 1 to 5 can be scheduled in the DL portion. Location of UL control can be indicated in corresponding DCI. 
Discussion on 7-symbol slot
RAN1 has agreed to two choices of slot duration, 7 and 14 symbols. We propose to keep 7-symbols slot and its structure can be different than mini-slot. As mentioned above, mini-slot is conceived as uni-directional unit and slot can be bi-directional. 7-symbol slot can be a better trade-off in terms of supporting different services and supporting both FDD and TDD. As slot aggregation has been already agreed, for a unified design, 14-symbol slot can be obtained as aggregation of two 7-symbol slots. Furthermore, 7-symbol slot hopping (similar as LTE) should still be a desirable feature for NR because it has less DMRS overhead compared to symbol based hopping. If larger SCS is employed, e.g., 60kHz, a 7-symbol slot can be a good fit for meeting latency requirements for URLLC traffic. 

Proposal 4: Slot can be unidirectional or bidirectional and has a fixed length.
Proposal 5: Symbol(s) are unidirectional resource allocation units and number of symbols for data duration can be configured to a UE.
Proposal 6: 7-symbol slot structure is used in Rel-15. Data duration of 14-symbols can be achieved as aggregation of 7-symbols slot.

On the other hand, eMBB transmission for sub-6GHz can adopt slot-based transmission whereas at high frequency, eMBB transmission scheduling may require finer TDM granularity and adopt symbol-based transmission. As eMBB transmission is not as latency constrained as URLLC, flexibility to start at any symbol is not motivated for sub-6GHz and it is preferred that all eMBB transmission start at the slot boundary of a given numerology. Having a slot-based grid for starting position for eMBB transmission can simplify control channel design and monitoring by one or a group of UEs, and avoid overlapping/pre-emption of resources between data and control over the duration of the slot. Monitoring eMBB control information every 7-symbol slot or an integer number of 7-symbol slots can be a good design trade-off in terms of UE complexity of monitoring and performance.   
Observation 2: At least for sub-6GHz, flexible start position at any symbol is not motivated for eMBB transmission and all eMBB transmissions should be aligned at the slot-boundary.
Scheduling of mini-slot 
In the section, we discuss various aspects of scheduling of mini-slot, e.g., mini-slot granularity and how/when mini-slot should be scheduled if it coexists with slot.
Scheduling granularity
As mini-slot, by definition, contains only few symbols less than a lot, if URLLC traffic is assigned to a two-symbol mini-slot, granularity of 1 s-PRB (12 sub-carriers) and 2 symbols may not be efficient anyways, and it would require group of s-PRBs for scheduling, cf. Figure 2. Allocation of resources based on s-RBG would reduce DCI bitmap size significantly.
                                                  [image: ]
                    Figure 3: RBG-based resource allocation among UEs for mini-slot
Observation 3: RBG-based resource allocation for symbol-based transmission can reduce DCI overhead.   
Coexistence with slot
Mini-slot and slot may coexist in same frame structure. One example is URLLC using mini-slot and eMBB adopting slot for scheduling granularity in time. If URLLC traffic is scheduled by mini-slot and eMBB transmission adopts slot of same numerology, the following conditions should be met
· URLLC mini-slot scheduling should avoid symbols of the eMBB slot containing control and DMRS
· URLLC mini-slot should not be scheduled by crossing a slot boundary, to avoid affecting eMBB control region of next slot
Based on the above constraints, mini-slot may not start every symbol in a slot. PDCCH monitoring and/or starting locations for mini-slot within a slot can be pre-configured based slot format or structure. On the other hand, searching for PDCCH every symbol increases power consumption from UE perspective. Mini-slot scheduling should not cross slot boundary and/or interfere with control/DMRS of slotted transmission. Number of symbols in control region can be different in different slots, and hence crossing slot boundary will lead to complicated coexistence between slot and mini-slot.
In Figure 4, we show two examples of coexistence. Depending on when control and/or DMRS appear for eMBB transmission, mini-slot scheduling opportunity can be constrained. Even if mini-slot is scheduled in the symbols containing DMRS, the REs containing DMRS of slotted transmission may not be used for mini-slot transmission for which the traffic is rate-matched using other available REs. This can potentially limit spectral efficiency of a transmission using mini-slot. 
[image: ]
Figure 4: Coexistence of mini-slot and slot. Due to additional DMRS (right figure), second start position is skipped.
                                         
Observation 4: Symbol-based transmission scheduling crossing a slot boundary needs further study.   
In the slot, there can be some reserved symbols. This information is cell specific and configured by higher layer and all UEs, using mini-slot or slot-based transmission are aware of these symbols. If a UE is scheduled for a duration that includes reserved symbols, the UE would not expect transmission over those symbols. In Figure 5, we show an example of LTE-NR coexistence. If the information of LTE CRS is broadcasted to the NR UEs, for example, via higher layer signaling, then NR UEs knows the location of CRS. Then two configurations are possible; 1) NR UEs would not expect any transmission over those symbols if their duration include them. 2) NR transmission is rate matched around the CRS location. Either way, reserved symbols do not need to be dynamically indicated to the UEs.
                                                 [image: ]
Figure 5: LTE-NR Coexistence, where location of CRS is assumed to be known to the NR UEs. Data transmission duration include those symbols.
In Figure 6, we show an example where CRS is avoided in mini-slot scheduling, if the NR UEs are unaware of such configuration. The blue region can schedule mini-slot length up to three whereas green region can schedule mini-slot length up to two.  In such cases, shorter mini-sot lengths can be scheduled. 

                                                [image: ]

Figure 6: LTE-NR Coexistence, where 1st and 4th symbols are avoided for NR traffic scheduling and locations of CRS is assumed to be unknown to the NR UEs.
Based on the above discussion, we observe that in many cases opportunity of scheduling longer mini-slots, e.g., symbols 4,5,6, etc., can be restricted. Which is the reason why preserving 7-symbol slot structure is important and how it could a good trade-off in terms time domain unit for scheduling different traffic types with/without different numerologies.
                     
Mini-slot control signaling and HARQ timing
 As a starting point, we propose to re-use most of the design feature from slot-based operation, i.e., control channel and HARQ procedure can follow slot-like design. Control region should be mapped to at least first symbol. UCI region in a UL mini-slot can follow same structure as slot-based PUCCH region, e.g., short PUCCH design. If the UE is scheduled, the UCI can be embedded into the data as well. UCI transmission of slot-based traffic and mini-slot based traffic should be orthogonal, so that necessary reliability of UCI can be achieved. It needs further study whether UCI resources of slot and mini-slot traffic are pre-configured semi-statically or a common UCI resource can be dynamically shared.
                [image: ]
Figure 7: HARQ timeline of mini-slot. Here, n+4 A/N timing is assumed and one slot contains four mini-slots. Red UL mini-slot shows slot-based HARQ timeline whereas blue UL mini-slot shows mini-slot based scaled HARQ timeline.
Mini-slot based HARQ timeline can potentially result in faster A/N turn-around time. However, it needs further study, what is the minimum A/N timing that can be supported, subject to UE capability. Following slot-level design, DCI of mini-slot may contain a field to indicate HARQ timeline between DL transmission and corresponding A/N transmission.  
Both mini-slot and slot-based traffic may need dynamic indication for the following in the DCI
· Timing between DL resources assignment and DL data transmission
· Timing between UL resources assignment and UL data transmission
· Timing between DL data reception and ACK/NACK transmission
A field in the DCI may provide indication for each of the categories mentioned above from a set of options/values, where the options/values are configured via higher layer. Both slot and mini-slot based transmission can be notified of a timing from a set of K values. The actual values can be different for slot and mini-slot traffic but a common signaling mechanism can be adopted. For example, four configured locations for sending A/N are supported for both slot and mini-slot based transmission.  Timing for both traffics can be signaled from a set of four configurations however time spacing between different configured locations can be different, cf. Figure 8.
              [image: ]	
Figure 8: Configured locations for sending A/N for (a) mini-slot and (b) slot based traffic. 
Observation 5: Symbol-based transmission may adopt similar timing indication mechanism as slot-based transmission.   
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present our views on different aspects of mini-slot design. Observations and proposals can be found below.
Observation 1: Symbol-based resource scheduling unit may not be called a PRB. New terminology is needed.
Observation 2: At least for sub-6GHz, flexible start position at any symbol is not motivated for eMBB transmission and all eMBB transmissions should be aligned at the slot-boundary.
Observation 3: RBG-based resource allocation for symbol-based transmission can reduce DCI overhead.   
Observation 4: Symbol-based transmission scheduling crossing a slot boundary needs further study.   
[bookmark: _GoBack]Observation 5: Symbol-based transmission may adopt similar timing indication mechanism as slot-based transmission.        
Proposal 1: DMRS can be shared for data and control channel decoding for symbol based transmission.
Proposal 2: Data duration of less than a slot should be restricted from 1 to 6 symbols.
Proposal 3: Data duration longer than 7-symbols but less than 14 symbols can be obtained by aggregating 7-symbol slot with 1 to 6 symbols.
Proposal 4: Slot can be unidirectional or bidirectional and has a fixed length.
Proposal 5: Symbol(s) are unidirectional resource allocation units and number of symbols for data duration can be configured to a UE.
Proposal 6: 7-symbol slot structure is used in Rel-15. Data duration of 14-symbols can be achieved as aggregation of 7-symbols slot.
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