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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
· [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
In this paper, the data transmission duration will be discussed.
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. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK51]For slot based transmission, it is agreed that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots during frame structure discussion, and the cross slot scheduling is also 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.


(a) Data transmission duration for slot or slot aggregation scheduling


(b)  Data transmission duration for cross slot scheduling
Figure 1. Data transmission duration for slot based transmission.
[bookmark: OLE_LINK11]For mini-slot based transmission, where the mini-slot could be seen as the aggregation of symbols, there are four main scenarios that could be beneficial. The data transmission durations of these scenarios are different due to different requirements. In the following, we provide more details about data transmission durations of these scenarios. 
· Scenario 1: latency reduction of URLLC 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK35]In RAN1#87, mini-slot length of 2 symbols was agreed for URLLC[3]. As described in [4], to satisfy latency requirement of URLLC services (i.e., 0.5ms user plane latency), slot based on 60kHz and 7 symbols is shown to satisfy the requirement. Furthermore, 2 symbols based on 15kHz or 30kHz may also be used to satisfy the latency requirement. To obtain longer lengths, mini-slot of 4 symbols can also be used. Besides, URLLC mini-slot scheduling should avoid symbols of the eMBB slot containing control and DMRS including the additional DMRS, which is semi-statically configured or dynamically indicated. For example, the data transmission duration for URLLC could be shown in Figure 2. In this example, 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. 

 
Figure 2. The data transmission duration for URLLC transmission.
· Scenario 2: operation in mm-wave bands

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _GoBack]As described in [5], in high frequency above 6GHz, to improve the spectrum efficiency, the mini-slot is supported for a finer time granularity of scheduling. In high frequency eMBB transmission is usually based on beams. It is agreed [6] that 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 of eMBB transmission in high frequency may contain one mini-slot. And the mini-slot may contain continuous or non-contiguous OFDM symbols.


(a) The OFDM symbols included in the mini-slot are continuous



(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 [7], NR UEs can be scheduled in the LTE subframe by avoiding the control and RS OFDM 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.


Figure 4. The data transmission duration in LTE and NR coexistence
· Scenario 4: unlicensed band operation
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In unlicensed band, mini-slot was proposed to fill the gap between end of LBT and slot boundaries in DL as described in [8]. 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. To obtain longer lengths, 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. 


(a) Slot aggregation with mini slot at the start of MCOT


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



(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:
[bookmark: OLE_LINK25]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.
[bookmark: OLE_LINK27][bookmark: OLE_LINK33][bookmark: OLE_LINK8][bookmark: OLE_LINK26]It is agreed that 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. How to design the indication to support all the data transmission duration cases above should be studied. 
In the following, the possible options including the combine of semi-statically configured and dynamically indicated to realize the indication of data transmission duration will be discussed.
2.2 Data transmission duration indication 
For the duration indication of data transmission, there are some possible options:
Option 1: bitmap for symbol level and/or slot level
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Option 2: starting position + number of symbols and/or slots 
Option 3: starting position + ending position
[bookmark: OLE_LINK34]For Option 1, if the UE is configured by higher layer signaling that it can only support mini-slot, there is only one bitmap for symbol level. For example, if one slot includes 7 symbols, the indication needs 7 bits for the data transmission duration in case 3. As shown in Figure 2, the bitmap is (0 0 0 1 1 1 1) for slot 1 and the bitmap is (0 0 1 1 1 0 1) for slot 2. The bit “1” means that the data transmit at the symbol and the bit “0” means that the data do not transmit at the symbol. If the UE is configured that it can only support slot aggregation and the maximum slot aggregation number is 4, there is only one bitmap for symbol level. As shown in Figure 1(a), the bitmap is (1 1 0 0) for date transmission duration 1, and for Figure 1(b), the bitmap is (1 0 1 1). If the UE is configured that it can support mini-slot and slot aggregation, there are two bitmaps for symbol level and slot level separately. This option could support all the four data transmission duration cases.
[bookmark: OLE_LINK36][bookmark: OLE_LINK39][bookmark: OLE_LINK47][bookmark: OLE_LINK54]For Option 2, it can support data transmission duration cases including continuous OFDM symbols by indicating the starting position and the length of the data transmission, where the starting position could be configured by higher layer signaling or indicated in DCI, and there may be K starting positions, so bits could be included in DCI to indicate the starting positions. For the indication of data transmission length, the granularity could be symbol and/or slot, and the used granularity could be decided by higher layer signaling.  If the UE is configured by higher layer that it can support mini-slot and slot aggregation, granularity could be both symbol and slot, and there could be  bits to indicate length as either number of symbols an bits to indicate length as either number of slots in DCI, which is to say there is ( ) to indicate the data transmission length. This option can support the date transmission case 1 and case 4, but for case 2 and case 3, in order to skip some symbols or slots, additional signaling is needed.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]For Option 3, in order to support the data transmission duration including any number of continuous symbols in one slot, the data starting position is indicated by 3 bits and the data ending position is indicated by 3 bits. If the data transmission duration is longer than one slot, such as slot aggregation (case 2) or mini-slot and slot aggregation (case 4), it need more number of bits. This option can support the date transmission case 1 and case 4, but for case 2 and case 3, in order to skip some symbols or slots, additional signaling is needed.
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]According to the above analysis, we can summary the supportive cases and disadvantages of different options in Table 1. For all options above, to support all the four data transmission duration cases, not only the DCI is needed to indicate the data transmission duration, but also some signaling from higher layer is needed to indicate the maximum number of slot in slot aggregation, the reserved symbols, and so on.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Proposal 1: 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.
2.3 Data transmission duration indication for different numerologies
[bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK148][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK153]For self-contained frame structure, each slot may have DL symbols and UL symbols. Considering the eNB complexity, for each symbol, it 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 are 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, in option 1, if  the granularity is symbol level, the granularity of bitmap for data transmission duration indication is one symbol for sub-carrier space 15 kHz and the granularity of data transmission duration indication is two symbols for sub-carrier space 30 kHz and so on.


Figure 6. Data transmission duration for different numerologies

[bookmark: _Ref465774157][bookmark: _Ref167612671][bookmark: _Ref167612875][bookmark: _Ref446337549][bookmark: _Ref446340775][bookmark: _Ref456015513]Proposal 2: NR support different granularities of data transmission duration indication for different numerologies.
Conclusions
Based on the analysis above, we have the following proposals:
Proposal 1: 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.
[bookmark: OLE_LINK42][bookmark: OLE_LINK48]Proposal 2: NR support different granularities of data transmission duration indication for different numerologies.
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