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1 Introduction

At the meeting RAN1 #88bis, the followings were agreed [1]:

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
· 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

Agreements:
· 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
In this paper, the data transmission duration will be discussed.
2 Discussion 
2.1 Data transmission duration discussion
In RAN1 #86bis [2], there is a working assumption that the NR frame structure should support both slots and mini-slots. For slot based transmission, slot aggregation is supported, also cross slot scheduling is agreed, so the data transmission duration could be one slot as shown in Figure 1(a) duration 2, or slot aggregation, where the aggregated slots could be continuous or non-contiguous as shown in Figure 1(a) duration 1 and Figure 1(b) severally.
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(a) Data transmission duration for slot or slot aggregation scheduling
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(b)  Data transmission duration for cross slot scheduling
Figure 1. Data transmission duration for slot based transmission.

For mini-slot based transmission, there are four main scenarios that could be beneficial. In the following, we provide more details about data transmission durations of these scenarios. 
· Scenario 1: latency reduction of URLLC 

In RAN1#87, mini-slot length of 2 symbols was agreed for URLLC [3]. To obtain longer length, 4 symbols can also be used. Besides, URLLC mini-slot scheduling should avoid symbols of the eMBB slot containing control and DMRS. For example, in Figure 2, the data transmission duration of URLLC UE1 is duration 1 including one 4-symbol mini-slot, and the data transmission duration of URLLC UE2 is duration 2 including one 4-symbol mini-slot skipping the additional DMRS, which could be semi-statically configured or dynamically indicated. 
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Figure 2. The data transmission duration for URLLC transmission.

· Scenario 2: operation in mm-wave bands
As described in [4], in high frequency above 6GHz, to improve the spectrum efficiency, the mini-slot is supported for a finer time granularity of scheduling. It is agreed [5] that in high frequency, the beams for PDCCH and PDSCH can be same or different. Besides, the beams for PDSCH are indicated by PDCCH considering the beam relationship between control and data, two examples of the data transmission duration in high frequency are given in Figure 3(a) and 3(b). It can be seen from the Figure 3 that the data transmission duration may contain one mini-slot, which may contain continuous or non-contiguous OFDM symbols.
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(a) The OFDM symbols included in the mini-slot are continuous
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(b) The OFDM symbols included in the mini-slot are non-contiguous
Figure 3. The data transmission duration for transmission in mm-wave bands.
· Scenario 3: LTE and NR coexistence 

As shown in [6], NR UEs can be scheduled in the LTE subframe by avoiding the control and RS symbols using mini-slot based scheduling. For example, the data transmission duration of the NR UEs could be shown in Figure 4(a) and 4(b). To save the overhead of resource allocation, the data transmission duration could within one mini-slot. And the mini-slot may contain continuous or non-contiguous OFDM symbols.
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Figure 4. The data transmission duration in LTE and NR coexistence

· Scenario 4: unlicensed band operation

In unlicensed band, mini-slot was proposed to fill the gap between end of LBT and slot boundaries in DL as described in [7]. It can also be used to fill the gap between the last slot boundary and end of MCOT, such as partial subframe defined in LAA. That’s to say aggregation of mini-slots and several slots could be used, which could be shown in Figure 5(a), 5(b) and 5(c). The data transmission duration for a specific UE might contain slot(s), mini-slot at start of MCOT, mini slot at end of MCOT. 
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(a) Slot aggregation with mini slot at the start of MCOT

[image: image8.emf]Mini-slot 

Slot 1

Slot 2 Slot 3 Slot 4

duration 1


(b) Slot aggregation with mini slot at the end of MCOT

[image: image9.emf]Mini-slot

Slot 1

Slot 2 Slot 3 Slot 4

duration 1

Mini-slot 


(c) Slot aggregation with mini slot at both start and end of MCOT 

Figure 5. The data transmission duration in unlicensed band
According to the discussion above, four main cases of data transmission duration could be summarized:
Case 1: one slot, such as the duration 2 in Figure 1 (a).

Case 2: slot aggregation. The aggregated slots could be continuous as shown in Figure 1(a) duration 1, or non-continuous as shown in Figure 1(b).
Case 3: one mini-slot, such as the durations in Figure 2, Figure 3(a), Figure 3(b), Figure 4(a) and Figure 4(b). The OFDM symbols included in the mini-slot could be continuous as shown in Figure 3(a), or non-contiguous as shown in Figure 2 duration 2 and Figure 4(b).
Case 4: mini-slot and slot aggregation, such as the duration in Figure 5.

How to design the indication to support the data transmission duration cases above should be studied. 
2.2 Data transmission duration indication design
To realize the indication of all data transmission duration, two options should be considered:
Option 1: unify design for different data transmission duration cases
Option 2: specific design for different data transmission duration cases
For Option 1, in order to realize the unify design for the indication of all data transmission duration cases, more bits is needed to suit the largest duration, which will increase the overhead. So specific design for different data transmission duration cases (option 2) should be considered. 
According to the four cases above, there could be three types of data transmission duration indication, such as slot level (case 1 and case 2), symbol level (case3), and symbol + slot level (case4). Before UE understands the data transmission indication, it should confirm the type of data transmission duration indication. The indication type is relevant to the DCI format and BWP or carrier, for example, for DCI format used to schedule URLLC, the indication type is symbol level in the BWP where SCS is 15kHz or 30kHz, while in the BWP where SCS is 60kHz, the indication type is slot level. Another example is that in unlicensed band, the indication type could be symbol + slot level for all DCI format. It has to mention that one DCI format could be relevant to one indication type, but one indication type may relevant to one or multiple DCI format(s), where the multiple DCI formats may be related to different the frequency resource allocation granularities or different MIMO transmit modes.
Proposal 1: The data transmission duration indication type (slot level, symbol level, symbol + slot level) is relevant to the DCI formats and BWP or carrier.
2.3 Data transmission duration indication method
It was agreed at RAN1 #88bis that the duration of a data transmission can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. So the time domain resource allocation could be realized by indicating starting position and duration of the data transmission, where the data transmission duration could be indicated by DCI, and the indication type could be slot level, symbol level, or symbol + slot level. It should be noticed that this method can only support the cases including continuous OFDM symbols, such as data transmission case 1 and case 4 as mentioned in section 2.1. For case 2 and case 3, in order to skip some symbols, additional signalling is needed. This to say in order to indicate all the four data transmission duration cases listed in section 2.1, not only the starting position and duration of the data transmission should be indicated semi-statically configured and dynamically, but also some signalling is needed to indicate the skipped or reserved symbols.
Proposal 2: Time domain resource allocation of data transmission can be semi-statically configured and dynamically indicated in the PDCCH scheduling the data transmission; the skipped or reserved time domain resources should be informed to the UEs.

2.4 Data transmission duration indication for different numerologies

For self-contained frame structure, each slot may have DL symbols and UL symbols. Considering the gNB complexity, each symbol will be only DL transmission or only UL transmission for different frequency band with different numerology. As shown in Figure 6, one symbol of sub-carrier space 15 kHz is used for DL transmission, then the corresponding two symbols of sub-carrier space 30 kHz should also used for DL transmission. In order to decrease the indication overhead of data transmission duration in some cases, the granularities of data transmission duration indication for different numerologies could be different. The granularity can be indicated by higher layer signaling or can be determined by the numerology of the data transmission. For example, if the type of data transmission duration indication is symbol level, the granularity is one symbol for sub-carrier space 15 kHz and two symbols for sub-carrier space 30 kHz.
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Figure 6. Data transmission duration for different numerologies

Proposal 3: NR support different granularities of data transmission duration indication for different numerologies.
2.5 Processing time for different data transmission duration
As 2.1 discussed, multiple data transmission duration cases will be introduced in NR. However, processing time for different transmission duration is different.
Generally, processing time is proportion to transmission duration. For example, processing time for TB1 is K* (mini-slot 1) while processing time for TB2 is K *(mini-slot 2) as shown in Figure 7. 
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Figure 7. Processing time for different data transmission duration
However, for schedule transmission with short duration immediately after a transmission with long duration, processing time of the transmission with short duration relies on not only current transmission duration but also previous long transmission duration. For example, gNB transmits two TBs to a UE, the transmission duration of TB1 is 4 symbols, and the transmission duration of TB2 is 2 symbols. Processing time for TB1 is K *(mini-slot 1) while processing time for TB2 is more than (K *2 mini-slot 2), due to data processing is pipeline operation and larger processing time for TB1 will lead process operation delay of TB2, as shown in Figure 8. 
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Figure 8. Processing time for schedule combination of different transmission duration
Considering the above two examples, processing time is not unified for different transmission duration and becomes more diverse due to flexible schedule combination of different transmission duration. Process time relates with K1 value directly, so it will lead more values for K1, there are two options to solve K1 indication with more values: one method is to configure a large K1 set, the other is to configure multiple K1 sets for different schedule scenarios and the exact one can be confirmed according to the scenario. 
Proposal 4: How to indicate the HARQ timing of the transmission with short duration immediately after a transmission with long duration should be studied.
3 Conclusions
Based on the analysis above, we have the following proposals:

Proposal 1: The data transmission duration indication type (slot level, symbol level, symbol + slot level) is relevant to the DCI formats and BWP or carrier.

Proposal 2: Time domain resource allocation of data transmission can be semi-statically configured and dynamically indicated in the PDCCH scheduling the data transmission; the skipped or reserved time domain resources should be informed to the UEs.
Proposal 3: NR support different granularities of data transmission duration indication for different numerologies.
Proposal 4: How to indicate the HARQ timing of the transmission with short duration immediately after a transmission with long duration should be studied.
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