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1. Introduction
In RAN1 #86 progresses have been made on the frame structure, for example the candidate numbers of symbols for slots have been proposed, assumptions on control and data fields have been made and the terminology of a mini-slot has been introduced. In this contribution we give our view how RAN1, based on the current agreements, may move on to finalize the definitions for the frame structure. In particular we discuss

· the number of symbols for basic slots and mini-slots and how to create longer slots when needed
· the location of control in slots
· slot duration and slot alignment within the NCP family
· alignment and multiplexing between slots and mini-slots within the NCP family
· allowing multiple numerologies within a slot
· forward compatibility issues and the integration of other CP families into the framework of the scaled NCP
 
2. Discussion
2.1 Assumption on Reference Numerology
This contribution assumes that only one reference numerology for NR is used. As discussed in the companion contribution [1], the reference numerology for NR is proposed to be sub-carrier spacing (SCS) = 15 kHz with the symbol structure of NCP as known from LTE. Under this assumption, the length of a sub-frame is 1ms. Furthermore, symbol level alignment across scaled numerologies from the same CP family is assumed. 
2.2 Slot structure - Agreements revisited
Below the agreement made during RAN1 #86 in Gothenburg on sub-frame, slots and mini-slots is shown. For the slot length it can be anticipated that the possible slot duration would be a fixed number of symbols, e.g. 7 or 14. But it is also recognized that a shorter transmission unit, a mini-slot, is needed. The smallest mini-slot is the smallest transmission unit. The differences between slot and mini-slot that can be read out from this agreement are:
· Mini slots contain fewer symbols than slots
· Mini-slots have control at the beginning or at the end. Slots may also have control at other positions
· An integer number of slots spans 1ms, for an integer number of mini-slots that must not be the case
· Since slots could be 14 or 7 symbols long and mini-slots would be shorter than slots, mini-slots and slots will not align an slot boundaries
· Since both slots and mini-slots are schedulable units, this implies that schedulable units do not necessarily align.   
     
	
Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged




Observation 1: Slots may contain control anywhere, mini slots only at the beginning and/or end
Observation 2: Slots and mini-slots are both schedulable units. Slots and mini-slots do not align on slot boundaries. Therefore, schedulable units do not necessarily align within the same CP family and neither within the same subcarrier spacing 
2.3 Number of symbols per slot and mini-slot for the NCP-family
Our preference is to use slots lengths of 7, 14 or 28 symbols. Additionally, a 2 symbol slot for FDD may be defined. The purpose of the slots with length 14 and 28 is to reduce the overhead in cases where shorter slots are not needed. If the longer slots shall be defined explicitly or through aggregation of basic slots is for further discussion. We prefer slightly the latter approach, for the purpose of forward compatibility. This method would allow more easily the introduction of different configurations in the future when a need is identified. 

In the case of mini-slots, our preference is to use two symbols for a mini-slot. For mini-slots we propose that a concept of mini-slot aggregation is not considered.
  
Proposal 1: For TDM and FDM the supported slot lengths are 7, 14 and 28. Additionally for FDD a slot length of two symbols might be defined
· A 7-symbol long basic slot unit is defined
· Whether the longer slots are created through aggregation of the basic unit or if they shall be defined explicitly is for further discussion. We prefer slightly the first method.     . 

Proposal 2: Mini-slots with a length of 2 symbols are supported. For mini-slots, the concept of aggregation is not considered. 

2.4 Transmission of DL and UL control
DL control should be transmitted in the beginning of the slot. UL control can be transmitted at the end of the slot as default. However, it should also be possible to configure UL control in the beginning (to reduce the GAP in unlicensed carrier) or during the middle of the uplink transmission part in a slot. This is further explained in the contributions [2] and [3]. 

Proposal 3: DL control may be transmitted in the beginning of the slot  
Proposal 4: UL control may be transmitted as default at the end of the slot. But other configurations also allow transmission in the beginning of the slot or in the middle of an UL transmission part.  

2.5 Slot duration and slot alignment for the NCP family
In this section the slot duration and slot alignment properties for the NCP family are discussed. For the examples used here, a slot length of 7 symbols is assumed, but the described characteristics can be applied to other slot lengths as well. Due to the symbol level alignment, slot lengths for the same SCS will be different in time, even if they use the same number of symbols. Each SCS (except the SCSref of 15 kHz) will have “long” slot(s) and “short” slot(s). A long slot consists of 1 “long” symbol and 6 “short” symbols. The “short” slot consists of 7 short symbols. The slot and symbol boundaries across scaled numerologies are aligned. This is illustrated in Figure 1 below: for 30 kHz the slots 0 and 2 are long and the slots 1 and 3 are short. For the case of 60 kHz, the long slots are 0 and 4 and the remainders are short. 
[image: ]
Figure 1 – Absolute time durations of slots within the same SCS and CP family are not constant
Observation 3: Slot durations are not constant in time within the same SCS except for the reference numerology

Below in Table 1 the time durations for the long and short slots are given for SCS from 15 kHz to 480 kHz. The long symbol is the scaled LTE NCP symb0 and the short symbol is the scaled LTE NCP symbols 1-6 according to the method shown in [1]. For the reference numerology, both slots have equal length and are considered to be a long slot since they both contain a long symbol in the beginning.  



Table 1 – Duration of long and short symbols and slots for SCS from 15 kHz to 480 kHz. The symbol durations are calculated according to method shown in [1] 
Table 2 below illustrates how long and short slots are distributed within a sub-frame for the cases of SCS from 15 kHz to 120 kHz. The same concept is applicable for higher SCS values as well: A sub-frame always starts with a long slot, regardless of the SCS which is applied. For 15 Khz SCS, there fit two slots into a sub-frame. When going over from a lower SCS to a higher SCS, a long slot is always split into one long and one short slot, and a short slot is always split into two short slots. Following this method, symbols and slot boundaries from different numerologies are aligned, as shown in table 2 below for illustration.    

	SCS [kHz]
	Long / Short slots

	15
	L0
	L0

	30
	L1
	S1
	L1
	S1

	60
	L2
	S2
	S2
	S2
	L2
	S2
	S2
	S2

	120
	L3
	S3
	S3
	S3
	S3
	S3
	S3
	S3
	L3
	S3
	S3
	S3
	S3
	S3
	S3
	S3


Table 2 – Distribution of short and long slots for different SCS

2.6 Alignment of slots and mini-slots
It is agreed that slots must align on a sub-frame boundary. For mini-slots, no agreement has been made so far. Within a sub-frame, slots and mini-slots do not align, since the slot length consists of a prime symbol number. 
In Proposal 2, we suggested to define a mini-slot length of 2 symbols. In such case mini-slots and slots will align on sub-frame boundaries. It is our view, there must be some boundaries on which all transmission units align, so that efficient multiplexing and scheduling can be carried out. The sub-frame boundary is a suitable choice for that. Therefore, the following proposal is made:
Proposal 5: Mini-slots shall align with sub-frame boundaries 
2.7 Multiplexing of slots/mini-slots within in the NCP family
Since slots and mini-slots for the same SCS do not align within a sub-frame and neither necessarily align across different SCSs, it should not be required for any specific SCS constellation that their slots and mini-slots are aligned. Instead, within a sub-frame, slots and mini-slots should follow their own individual timings and are aligned with each other on sub-frame boundaries. This is illustrated below in Figure 2 for the example of slots/mini-slots with 15 kHz SCS and slots with 60 kHz SCS.
[image: ]Figure 2 – Slots and Mini-slots for 15 kHz SCS and slots for 60 kHz SCS align on sub-frame boundaries and follow their individual timing within sub-frames

Proposal 6: Within a sub-frame, slots and mini-slots follow their own individual timing.

It is expected for NR that several applications are served simultaneously. Different services may use different SCS and slot structures. Therefore, efficient and simple procedures should be defined how these structures can be multiplexed. Since all units align on sub-frame boundaries, it is obvious that a switch between them is allowed on these instances. But also within a sub-frame, it should be possible to the change the transmission structure. Assuming Proposal 6, it becomes natural to allow slots and mini-slots to start/end their transmission on their corresponding timings.

Proposal 7: Within a sub-frame, slots and mini-slots may start/end transmission on their individual timings

Further examples for the slot multiplexing of different SCS are given in Figure 3 below. In the upper 3 schemes, the individual slot timings for 15 kHz, 30 kHz and 60 kHz are shown. Then, in the lower 3 schemes, different examples of how they can be multiplexed are illustrated. Every slot remains on its own slot grid and the transmission of a new SCS only starts after the previous one has ended.       
[image: ]
Figure 3 – Example for sequential multiplexing slots within the ECP family
However, in NR not only the sequential transmission of different slot formats and SCS is important when different use cases shall be multiplexed. URLLC traffic for instance occurs sporadically and is therefore expected to be multiplexed with eMBB. This multiplexing could be done in an overlaid fashion. In such case, the corresponding symbols of the eMBB service will be punctured. Both multiplexing modes, sequentially and overlaid, are important and shall be supported.

Proposal 8: Within a sub-frame, slots and mini-slots of different SCS may be multiplexed in two ways
· Sequentially, the transmission of a slot with a new SCS starts after the transmission of a slot with another SCS has ended
· Overlaid, to support efficient multiplexing of e.g. URLLC and eMBB. The transmission of a slot with one SCS does not need to have ended before the transmission of a new SCS starts. Corresponding symbols will be punctured.      

For the overlaid transmission two concepts can be considered. Either, the individual slot timing is kept, or the multiplexing is done in a nested way following the symbol timing of the lower SCS. Both approaches are illustrated in Figure 4 below. The overlapping 15 kHz symbols are punctured. To keep the original individual slot timing has the benefit that nothing except the puncturing has to be changed compared to the case of sequential multiplexing. On the other hand, unnecessary many 15 kHz might need to be punctured. This can be seen in option A) of Figure 4 where 3 symbols need to be punctured. With the nested approach, the timing of the 60 kHz slot is adjusted, but only 2 symbols of the 15 kHz need to be punctured. 
[image: ]
Figure 4 – Overlaid multiplexing of 15 kHz SCS slots with 30 and 60 kHz SCS. The overlapping 15 kHz are punctured
Based on the discussion above we make the following proposal:

Proposal 9: For the overlaid multiplexing of different numerologies, RAN1 should study two approaches for their feasibility. We prefer the first one. 
· The multiplexed slots keep their individual timing which is sub-frame aligned
· The multiplexing is done in a nested manner where the slots with higher SCS are aligned with a symbol boundary of the lower SCS

When applying overlaid multiplexing, some resource-holes can occur. These are indicated as red boxes in figure 4 above. One advantage of the nested approach is that the size of the resource-holes remains constant. This can be seen when comparing the 4th and 6th scheme of Figure 4 above. The red area indicating empty resources has a constant size. With the option A), on the other hand, the size of the unused red resources depends of the relative position of the two multiplex slots. But in the other hand, option A) is consistent with the multiplexing of slots mini-slots according to proposal 7 and would fit well into a unified general concept. 

Observation 4: Overlaid transmissions can result in some un-used resources

Proposal 10: RAN1 should study how to utilize unused resources that occurred through overlaid numerology multiplexing.

2.8 Multiplexing numerologies of same the CP family within a slot
During RAN1 #86, the benefits of applying mixed numerologies within a slot have been shown. In [4] it is proposed for example to use different SCS for UL and DL in URLLC applications. In that document it is proposed, to provide better support for a self-contained TDD structure, that DL data is sent with SCS = 30 kHz, whereas the UL control symbol is split into 2 symbols with 60 kHz SCS. 

Proposal 11: NR shall support multiple SCS within a slot.
A consequence of Proposal 11 is that the slot length in time is not uniquely defined by the number of symbols and slot position within the sub-frame. The above mentioned slot, for instance, will consist of 8 symbols but has the duration of 7 symbols with SCS = 30 kHz. It should be for further study to develop a unified concept that covers slots format with a single and mixed SCS. 

2.9 Forward compatibility considerations
In section 2.7 the relationship between the transmission units of slots and mini-slots for the same CP family has been studied. It is proposed that they do align on sub-frame boundaries but are not required to be aligned within sub-frame. Both slots and mini-slots were proposed to follow their individual timing.

This concept can be expanded to different CP families when they are integrated into the framework of the scaled NCP. 

Proposal 12: NR shall support to integrate different CP families into the frame work of the scaled NCP. Following rules shall apply:
· Slots from different CP families shall be aligned on sub-frame boundaries.
· Slots from different CP families follow their individual slot timing within a sub-frame. They are not required to be aligned.
· Both sequential and overlapping multiplexing between slots from different CP families is allowed within a sub-frame 
The concept from proposal 12 is illustrated below in
[image: ]
Figure 5 – Multiplexing of different CP families in sequential (A) and overlapping (B) fashion. On sub-frame boundaries a clean switch without resource waste can be performed. Within sub-frames, there might be unused resource holes (A) or some symbols need to be punctured (B)   

3. Summary
In this contribution we have made the following observations and proposals.
Observation 1: Slots may contain control anywhere, mini slots only at the beginning and/or end
Observation 2: Slots and mini-slots are both schedulable units. Slots and mini-slots do not align on slot boundaries. Therefore, schedulable units do not necessarily align within the same CP family and neither within the same subcarrier spacing 
Observation 3: Slot durations are not constant in time within the same SCS except for the reference numerology
Observation 4: Overlaid transmissions can result in some un-used resources

Proposal 1: For TDM and FDM the supported slot lengths are 7, 14 and 28. Additionally for FDD a slot length of two symbols might be defined
· A 7-symbol long basic slot unit is defined
· Whether the longer slots are created through aggregation of the basic unit or if they shall be defined explicitly is for further discussion. We prefer slightly the first method.     . 
Proposal 2: Mini-slots with a length of 2 symbols are supported. For mini-slots, the concept of aggregation is not considered. 
Proposal 3: DL control may be transmitted in the beginning of the slot  
Proposal 4: UL control may be transmitted as default at the end of the slot. But other configurations also allow transmission in the beginning of the slot or in the middle of an UL transmission part 
Proposal 5: Mini-slots shall align with sub-frame boundaries 
Proposal 6: Within a sub-frame, slots and mini-slots follow their own individual timing
Proposal 7: Within a sub-frame, slots and mini-slots may start/end transmission on their individual timings
Proposal 8: Within a sub-frame, slots and mini-slots of different SCS may be multiplexed in two ways
· Sequentially, the transmission of a slot with a new SCS starts after the transmission of a slot with another SCS has ended
· Overlaid, to support efficient multiplexing of e.g. URLLC and eMBB. The transmission of a slot with one SCS does not need to have ended before the transmission of a new SCS starts. Corresponding symbols will be punctured.      
Proposal 9: For the overlaid multiplexing of different numerologies, RAN1 should study two approaches for their feasibility. We prefer the first one.  
· The multiplexed slots keep their individual timing which is sub-frame aligned
· The multiplexing is done in a nested manner where the slots with higher SCS are aligned with a symbol boundary of the lower SCS
Proposal 10: RAN1 should study how to utilize unused resources that occurred through overlaid numerology multiplexing.
Proposal 11: NR shall support multiple SCS within a slot
Proposal 12: NR shall support to integrate different CP families into the frame work of the scaled NCP. Following rules shall apply:
· Slots from different CP families shall be aligned on sub-frame boundaries.
· Slots from different CP families follow their individual slot timing within a sub-frame. They are not required to be aligned.
· Both sequential and overlapping multiplexing between slots from different CP families is allowed within a sub-frame 
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				SCS [kHz]				Long Symbol		Short 		Slot duration

				3.75

				7.5

				15		1		71.875		71.3541666667		500

				30		2		36.1979166667		35.6770833333		250.2604166667		249.7395833333		500

				60		4		18.359375		17.8385416667		125.390625		124.8697916667		500

				120		8		9.4401041667		8.9192708333		62.9557291667		62.4348958333		500

				240		16		4.98046875		4.4596354167		31.73828125		31.2174479167		500

				480		32		2.7506510417		2.2298177083		16.1295572917		15.6087239583		500









				SCS [kHz]		Long symb [us]		Short symb [us]		Long slot [us] (1 long/6 short symbs)		Short slot [us] (7 short symbs)

				15		71.88		71.35		500.00		500.00

				30		36.20		35.68		250.26		249.74

				60		18.36		17.84		125.39		124.87

				120		9.44		8.92		62.96		62.43

				240		4.98		4.46		31.74		31.22

				480		2.75		2.23		16.13		15.61
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