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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#88b [1], it has been agreed that 1 symbol is both the minimum control channel monitoring periodicity and also the minimum data duration, regardless of the carrier frequency. Furthermore, the data transmission may start at any symbol. 
An implication made from previous agreement at RAN1#87 about mini-slots is that also the data transmission length can have a granularity of one symbol.
	Agreements (from RAN1#87):
· 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 



	Agreement (from RAN1#88b)
· 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.



These agreements provide a large amount of scheduling flexibility, as indicated in the figure below:
[image: ]
Figure 1: Example for timing and duration of PDSCH transmission
However, a large flexibility could also imply a large overhead in order to set the transmission parameters for the actual transmission. In this contribution it is discussed how to maintain scheduling flexibility while keeping a low configuration overhead. It is focused on the starting time and duration of the data transmission, i.e. the control monitoring itself (yellow arrow in figure 1 above) is out of the scope of the contribution.  
2. Discussion
In this section, it is first discussed if the full data transmission flexibility is needed all the time or if it could be restricted.
2.1 Use cases for dynamic indication of length and starting time
In the following use cases that need different configurations for the start and duration of the data transmission are needed:
For mmW applications, it is expected that the available bandwidth is rather large, thus all data that needs to be sent to one UE during one transport block could probably be contained in one or two OFDM symbols. In order to relax the PDCCH monitoring requirements for the UE, it should be avoided that a UE then has to monitor every symbol for a possible data transmission. Instead, the monitoring could be limited to a restricted set of occasions on which a joint scheduling of several UEs is possible. This illustrated below in Figure 2. In that example, all the PDSCHs for UEs #1 to #5 would be scheduled during one occasion but the actual transmission would be happen at different times. However, the length of each transmission would be the same (e.g. 1 or 2 symbols)   

[image: ]
Figure 2: Simultaneous scheduling for multiple UEs. An offset between PDCCH monitoring and PDCCH start is introduced
Observation 1: For mmW applications, a flexible dynamically indicated start of the data transmission is desirable. The data transmission duration is expected to be rather constant (1-2 OFDM symbols). 

For operation in unlicensed band, in order to get efficient resource utilization after a gap, one does not want to wait until the next slot boundary before data transmission can start. Instead, a shorter data transmission (mini-slot) can be started immediately when the opportunity is there. The duration should then be from the earliest possible symbol until the end of the slot. In such case, the data transmission would start directly after the PDCCH and would have a flexible length which should be indicated dynamically. This is illustrated below in Figure 3
[image: ]
Figure 3: Dynamical indication of the data transmission duration. The starting time is fixed, always the next symbol after the PDCCH

Observation 2: For operation in unlicensed band, the flexible data transmission duration is needed. The start of the data transmission could be fixed, e.g. always directly after the PDCCH.

For URLLC operations, different requirements are important. For instance, it is desired to have a very high reliability of the PDCCH detection. In that case, the payload of the DCI should be kept as small as possible. In such case, a different DCI format could be used in which the dynamic indication of the data transmission is omitted. This is illustrated in Figure 2 for two examples. In the upper drawing, the PDCCH is monitored every second symbol, the data transmission starts directly in the next symbol is one symbol long. In the bottom drawing, the PDSCH transmission also starts immediately after the PDCCH but lasts for 2 symbols. Note, that this independent form the monitoring occasions which still can be every second symbol.   
[image: ]
Figure 4:  Fixed (next symbol after PDCCH) starting time and duration (1 symbol in Ex1 and 2 symbols in Ex2) for PDSCH data transmission. 

Observation 3: For some use cases, e.g. URLLC, a low DCI payload is important. In such case the dynamic indication could be omitted and a preconfigured setting for start and duration of the data transmission can be used.

When short transmissions pre-empt parts of longer, e.g. slots based, transmission, the scheduler should try to avoid puncturing the symbol(s) containing the eMBB-DMRS. In order to achieve more flexibility for the URLLC scheduling, one could schedule the short transmission “around” the eMBB-DMRS of the longer transmission, as it is illustrated in Figure 5 below.   
[image: ]
Figure 5: Scheduling a short transmission around the eMBB-DMRS of the long transmission. The red fled indicates the PDCCH of the short transmission and the orange fields the data part of the short transmission.

Observation 4: In case a low DCI payload has less priority, a short transmission that is pre-empting parts of a long transmission can be scheduled “around” the DMRS of the eMBB transmission.
In case of preemption indication with sub-sequent (re)-transmissions of CBG(s), the CBG(s) could be retransmitted in one of the following slots. In the scenario illustrated in Figure 6 below, the pre-emption indication is sent in the PDCCH of the sub-sequent slot after the preemption. Then, the slot for the CBG retransmission could be indicated dynamically. The duration would for instance always be one slot, and the starting time granularity would be indicated in slots instead of in symbols. 
[image: ]
Figure 6: Sub-sequent re-transmission in of the following slots after pre-emption indication

Observation 5: In some use cases, e.g. a sub-sequent transmission, it makes sense to define the starting time in number of slots.  
From the examples and observations above, following conclusions can be made:
Conclusion:
1. Given the variety of use-cases, the full flexibility in NR to indicate the data transmission start and duration is well motivated.
2. For a single use-case, only a subset-of the possible configurations is needed.

2.2 How to capture the dynamic indication for data transmission in the specification
From the discussions above it is clear that there are use cases that benefit a lot from a dynamic indication, but then there is also at least one use case (URLLC), where the DCI payload should be minimized instead and a dynamic indication is not that important or even not desired. Thus, a least two DCI types should be supported, one for minimum payload and one for flexible data transmission length and durations.
Proposal 1: NR should support at least two different DCI types, one that contains space for a dynamic indication of data start and duration and one where this dynamic indication is omitted.
Proposal 2: For the DCI type without dynamic indication of data start and duration, these values can instead be configured by RRC signaling.
In the following it is discussed how the data transmission start and duration can be indicated dynamically. The number of spent bits spent should be kept small. To represent and indicate all combinations for start and duration would imply a very large overhead. But as the discussion in section 2.1 shows, this is not needed. For a certain use case only a subset of configurations is needed. That gives proposal 3:
Proposal 3: A UE only needs to support simultaneously a limited number of configurations for the data transmission start and duration. FFS how many (e.g. 4 or 8). For different use-cases, different sets of configurations can be applied. The set of all possible combinations of data transmission start and duration can be predefined in the specification. 
Proposal 4: The gNB can dynamically select one of the RRC signaled configurations and indicate them in the DCI of the PDCCH.  
In the following it is described how this could be realized: 
· All possible constellations (or at least a large amount) could be defined in a table in the NR specification. Each of them is then given an index. 
· The UE only supports a few simultaneous configurations, e.g. 4 or 8. 
· With RRC signaling, the gNB picks 4/8 configurations out of the table and maps them to the 4/8 supported configurations of the UE. Thus, only a few bits (2 or 3) are needed to represent the different useful combinations that the gNB has chosen to support a certain scenario
· These few bits are then used as a pointer in the DCI to dynamically indicate the selected configuration

The above steps are illustrated in the example of Figure 7 below. Assume that there are in total “FFF”HEX possible combinations for data transmission start and duration and that the UE supports 4 of them. Depending on the use case, the gNB will select 4 suitable configurations and map them via RRC signalling onto the 4 supported settings. During scheduling, the gNB will then just use two bits to point out one of the selected schemes.   
      
[image: ]
Figure 7: Configuration of data transmission start and duration

3.   Conclusion
In this contribution we have discussed different mini-slot properties and make the following proposals:
Observation 1: For mmW applications, a flexible dynamically indicated start of the data transmission is desirable. The data transmission duration is expected to be rather constant (1-2 OFDM symbols). 
Observation 2: For operation in unlicensed band, the flexible data transmission duration is needed. The start of the data transmission could be fixed, e.g. always directly after the PDCCH.
Observation 3: For some use cases, e.g. URLLC, a low DCI payload is important. In such case the dynamic indication could be omitted and a preconfigured setting for start and duration of the data transmission can be used.
Observation 4: In case a low DCI payload has less priority, a short transmission that is pre-empting parts of a long transmission can be scheduled “around” the DMRS of the eMBB transmission.
Observation 5: In some use cases, e.g. a sub-sequent transmission, it makes sense to define the starting time in number of slots.  
Proposal 1: NR should support at least two different DCI types, one that contains space for a dynamic indication of data start and duration and one where this dynamic indication is omitted.
Proposal 2: For the DCI type without dynamic indication of data start and duration, these values can instead be configured by RRC signaling.
Proposal 3: A UE only needs to support simultaneously a limited number of configurations for the data transmission start and duration. FFS how many (e.g. 4 or 8). For different use-cases, different sets of configurations can be applied. The set of all possible combinations of data transmission start and duration can be predefined in the specification. 
Proposal 4: The gNB can dynamically select one of the RRC signaled configurations and indicate them in the DCI of the PDCCH.   
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