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1. Introduction

High-level principles of resource allocation for NR PDSCH and NR PUSCH have been agreed in frequency and time domain respectively. In this paper we discuss the opening issues about frequency and time domain resource allocation for the two data channels.

Lastest agreements and opening issues on frequency-domain resource allocation:

Agreements (RAN1 NR AH#2)
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.

· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:

· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 

· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.

· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.

· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 

· FFS: Dynamic switching of RBG size(s). 

· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).

· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).

· Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.
Agreements: (RAN1 NR AH#2)
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.

· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.

· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.
Agreements: (RAN1#90bis)
· For the fallback DCI, only resource allocation type 1 is supported
· At least with PRB-level granularity
· FFS other granularty(ies)
Agreements: (RAN1#90bis)
	
	Config 1
	Config 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

	X1+1 – X2 RBs
	RBG size 3
	RBG size 4

	…
	…
	…


· RRC selects config 1 or config 2

· One config (config 1) is the default until RRC configures otherwise

· The numbers ‘RBG size’ in the table are fixed in the spec

· The number of rows should be no more than [4-6]

· Same table for DL and UL

· The configuration for DL & UL is separate

· Same RBG size irrespective of the duration (slot vs. non-slot)

Note: In the draft TS 38.214 [1], the resource allocation based on LTE DL RA type 0 (i.e., bit-map) is renamed as DL or UL resource allocation type 0. And the resource allocation based on LTE DL RA type 2 is renamed as DL or UL resource allocation type 1. At least four DCI formats have beem identified for DL RA type 0, DL RA type 1, UL RA type 0 and UL RA type 1. 

Lastest agreements and opening issues on time-domain resource allocation:

Agreements: (RAN1#90)
· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:
· One-slot case:

· Starting symbol and ending symbol in the slot.

· Which slot it applies to

· Multi-slot case:

· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to

· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to

· The starting symbol and ending symbol are applied to all the aggregated slots

· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included

· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported
· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations

· FFS: handling of semi-static UL/DL and SFI assignment

Agreements: (RAN1#90bis)
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec

2. Frequency-domain resource allocation
2.1. DL/UL RA type 0
Size of RA bitfield for a DCI format:  Fixed size or variable size?
In the LTE specification, only RBG size P=1, 2, 3, 4 are supported. However, It was agreed in RAN1#89 that RBG sizes at least include 2, 4, 8, 16 RBs which bring a much larger dynamic range than LTE. This change makes it possible to specify a fixed size of bitmap for Type0 RA.
Of course, selecting from the two options is still a trade-off between DCI overhead and PDCCH detection complexity. A variable RA bitfield provides a lower overhead in DCI because the bitfield only contains the actual bitmap whose length varies with the BWP size. But the reduced overhead changes along with BWP size. Only in some BWP sizes, the bitfiled size can be substantially reduced. A fixed RA bitfield is helpful to reduce the complexity of PDCCH blind decoding, although some bits in bitfield may be un-used in case the length of bitmap is smaller. From our perspective, reducing PDCCH blind decoding complexity is more desired than a unstable overhead reduction. The un-used bits can simply be filled by zero-padding bits or re-used by some other means.
Moreover, a suitable RA bitfield size should be specified. Some companies suggested to limit the size to 25 or 18 bits if considering the maximum number of RBs = 275. We also considered using 35-bit bitmap for Type 0 RA over 550 RBs. Since it has been agreed that up to 275 RBs are supported for DL or UL in a carrier, if the RBGs are separately indexed in different CCs, 25 bits or 18 bits are sufficient for the Type 0 RA. 
RBG size determination: 
Explicit configuration/indication of RBG size is proposed by some companies. Its motivation is to provide additional flexibility in RBG size determination, e.g. RBG size can be semi-statically or dynamically selected among a set of RBG sizes for a BWP. However, we do not see obvious necessity of this flexible design. In general cases, a larger BWP for scheduling, a coarser RA granularity is needed. We do not see clear motivation of supporting a finer RA granularity for a larger BWP. Since the dynamic switching between BWPs with different sizes are supported in NR, the RBG size adaptation can be realized via “BWP adaptation”. Note: the BWP adaptation would not necessarily result in a RF retuning at UE end. If the BWP adaptation is performed for dynamic changing the scheduling bandwidth and granularity, the UE RF bandwidth should not be allowed to be reduced for power saving. 
In RAN1#90bis, it was agreed that two RBG size sets can be specfied, and selected with RRC configuration:
	
	Config 1
	Config 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

	X1+1 – X2 RBs
	RBG size 3
	RBG size 4

	…
	…
	…


We believe the configuration 1 is used for normal resource allocation in which the RBG size is determined by the BWP size. The problem is how to specify the configuration 2. From our perspective, the configuration can provide a simpler resource allocation, e.g. using the same RBG size for multiple BWP size ranges. With this configuration, for UEs with different active BWPs, gNB may be able to allocate their frequency resource using the same RBG size. Thus the gNB scheduler can be simplied. An example of the mapping table (18-bit bitmap) is shown in Table 1.
Table 1: BWP size ( RBG size mapping table for NR DL/UL Type 0 RA (slot-based scheduling)
	Bandwidth Part Size
	RBG Size 

set 1
	RBG Size
set 2

	
[image: image1.wmf]m

x

N

RB,


	(P1)
	(P2)

	≤18
	1
	4

	19 – 36
	2
	4

	37 – 72
	4
	4

	73 – 144
	8
	16

	145 - 275
	16
	16


How to avoid the waste of zero-padding bits? ---- Mixed RBG sizes for a BWP:
In Table 1, most of BWP sizes will lead to a number bits un-used. For example, when a BWP consists of 48 PRBs, RBG size = 4 is adopted (because if RBG size = 2 is adopted, 24-bit bitmap is needed which exceeds the 18-bit bitwidth) and only a 12-bit bitmap is used. The un-used 4 bits can be filled with zero-padding bits (as shown in Fig.1). But this definitely results in a waste of bitwidth. 
To avoid the waste of zero-padding bits, using “mixed RBG sizes” can be considered. Taking the 48-PRB BWP for example, both RBG size = 4 and =2 can be used under the bitmap. The 48-PRB BWP can consist of 6 RBGs with size=4 and 12 RBGs with size=2 (as shown in Fig.2). Using the approach, zero-padding can be avoided, and the 18 bitwidth can always be fully utilized to provide a better scheduling granularity at least in a part of the BWP. The distribution of the two kinds of RBGs can be pre-defined, e.g. the larger RBGs are always placed in the lower end of the BWP (as shown in Fig.2). Our proposal is: A mixture of two RBG sizes can be adopted for resource alloction for a BWP. Zero-padding in RA bitfield should be avoided.
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Figure 1: Single RBG size with zero-padding
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Figure 2: Mixed RBG sizes without zero-padding

How to indicate the BWP used for the RA?
In order to realize the dynamic changing of RBG size via dynamic BWP switching, the BWP used for RA should be indicated in the scheduling DCI, as introduced in our companion contribution [5]. From our perspective, a 2-bit BWP index indication can be included in the RA bit field for indicating 4 DL BWPs or 4 UL BWPs. Thus the BWP is activated via the scheduling DCI, and is de-activated when the scheduling grant is expired or de-activated by another DCI activating another BWP. Our proposal is to include a 2-bit BWP index indication in the RA bit field.
Same or different RBG sizes for slot-based and non-slot-based scheduling with the same BWP size?
A similar structure of RA bitfield can be adopted for slot-based and non-slot-based scheduling. However, different RBG sizes may be adopted for the same BWP size, which lead to different size of bitmap. Hence the size of RA bitfield may be different between the two scheduling types. From our perspective, specifying two different DCI formats for slot-based and non-slot-based scheduling respectively in DL and UL is desired. Different size of RA bitfield for slot-based and non-slot-based scheduling should be considered. 
If finer RA within RBG is needed?
In RAN1#90 meeting, some more flexible RA scheme was also proposed. The motivation, in our understanding, is also to enable a finer RA within a RBG. For example, in case RBG size P, gNB can further indicates which part of a RBG is actually scheduled. To realize this finer RA, an extra 5-bit bitfield (called “header”) is needed. However, this approach only supports the same part in every RBG to be scheduled. The resulting scheduled resource looks like a “comb-like” shrinking over the bitmap-based allocation. Hence the additional obtainable scheduling flexibility provided by this approach is limited. And as presented above, it is natural that a larger BWP for scheduling, a coarser RA granularity is needed. It is not fully clear why a finer granularity than RBG is needed for a corresponding BWP size. Considering the cost of extra overhead, the necessity of this approach should be further studied.
Proposal 1: 

For DL/UL Type 0 frequency-domain resource allocation,

· A BWP size range ( RBG size mapping table is specified for a given DCI format.
· FFS: if different tables for DCI formats for slot-based and non-slot-based scheduling.
· In config 2 in a BWP size range ( RBG size mapping table, multiple BWP size ranges can be mapped to the same BWP size.

· A mixture of two RBG sizes can be adopted for resource alloction for a BWP. Zero-padding in RA bitfield should be avoided.

· A fixed size of RA bitfield is specified for a given DCI format.

· Per-grant BWP activation is supported with 2-bit BWP index indication.

· Different sizes for slot-based and non-slot-based scheduling can be considered.

2.2. DL/UL RA type 1

Opening issue 6: Granularity: PRB vs RBG?  

The major motivation of using RBG for DL/UL RA type 1 is the overhead reduction. For 275 RB BWP, using RBG with 16 RBs can reduce the bitfield size from 17 bits to 9 bits. Since the overhead of Type 1 RA has been fairly small, the further reduction is not so attractive as for Type 0 RA. The dis-advantage of RBG-based approach is losing the scheduling flexibility for large BWPs. The small scheduling granlarity is more important in Type 1 RA than in Type 0. The scheduling flexibility can be obtained by non-contiguous allocation even with a coarser granularity. However, in Type 1 RA, scheduling flexibility is much less flexible due to contiguous allocation. It is more essential that the allocation can start from any PRB and end at any PRB. We prefer that the Type 1 RA should be PRB-based for slot-based scheduling. In this case, the PRB indexing is independent on BWP. Or it can be regarded as RA based on the common PRB indexing over the carrier bandwidth. 
For non-slot-based scheduling, RBG-based Type 1 RA may be needed. This use case can be further studied.
Proposal 2: 

For DL/UL Type 1 frequency-domain resource allocation, a fixed size of RA bitfield is specified for a given DCI format.

3. Time-domain resource allocation

3.1. One-slot scheduling
Slot indication 
Two options can be considered for indicating the slot of PDSCH/PUSCH:

· Option 1: Direct DCI indication;
If adopting this option, it should be enhanced rather than simple DCI indication. For example, if 2 bits are used for direct DCI indication, only the Slot 0, 1, 2, 3 can be indicated (Slot 0 is the slot where the DCI is conveyed). However, if the the 4 slots do not contain usable DL/UL resource (e.g. they are all UL-dominant or DL-dominant slots), the PDSCH/PUSCH can only be accommodated in a farther slot, e.g. Slot 4 or 5, which cannot be directly indicated by DCI. 

An improvement of this approach is the joint determination with SFI at the UE side. A nominal starting slot (e.g. Slot 0, 1, 2, 3) is indicated by the DCI. Then the actual slot is determined by UE by checking the SFI information. For example, if Slot 0 is indicated for PUSCH, the UE looks for the 1st slot containing the UL symbols configured in the resource (e.g. starting symbol and duration) according to the SFI information, then determines the slot as Slot 0. If Slot 2 is indicated, the UE would determine the 3rd slot containing the needed time-domain resource as Slot 2.
· Option 2: Jointly configured with symbol in a table, and then indicated in DCI.
Since a large number of slots can be scheduled, especially for PUSCH (e.g. Slot 0 to Slot N and N may be a quite large value). And in case dynamic SFI is enabled, it would be difficult to configure the candidate slots in the resource set. If all potential slots are configured, the capacity of the resource set is not enough under an acceptable DCI overhead. Hence Option 2 is not desired from our perspective.
Proposal 3: 
For one-slot scheduling, use 2-bit direct DCI indication to indicate the nominal starting slot. Then UE determine the actual slot by checking the SFI information.
Valid values for starting symbol indication
For PDSCH, it is reasonable to only support the two starting postions: Starting from Symbol 0 in the slot and starting from Symbol 2/3 (depends on PBCH). Supporting other starting positions, e.g. Symbol 1 is not necessary for slot-based scheduling. The 1 or 2-symbol resource fragment between Symbol 0 and Symbol 2/3 can be used for non-slot-based scheduling. Our proposal is to support two positions for PDSCH: Symbol 0 and Symbol 2/3 (depends on PBCH). 

The starting symbol of PUSCH is slightly different that the second possible starting position is Symbol 3/4 (depends on PBCH). Our proposal is to support two positions for PUSCH: Symbol 0 and Symbol 3/4 (depends on PBCH).
Valid values for duration
It is reasonable to only support duration ≥ 4/5 symbols for slot-based scheduling. 
An example of DCI bitfield for one-slot scheduling is shown in Table 2.
Table 2: Time-domain RA bitfield in DCI for one-slot scheduling

	Bitfield
	Number of bits in the bitfield
	Value of the bitfield
	

	Slot indication
	2
	00
	One-slot scheduling: K0=0

	
	
	01
	One-slot scheduling: K0=1

	
	
	10
	One-slot scheduling: K0=2

	
	
	11
	One-slot scheduling: K0=3

	Symbol indication
	2
	00
	1st RRC-configured symbol allocation

	
	
	01
	2nd RRC-configured symbol allocation

	
	
	10
	3rd RRC-configured symbol allocation

	
	
	11
	4th RRC-configured symbol allocation


3.2. Multi-slot scheduling 
If starting slot indication is needed?
We think in the multi-slot case, the transmission duration should always start from the slot containing the scheduling DCI. Hence, our proposal is that the starting slot indication is not needed.
Symbol-level indication
We do not see the rationality of Option 3, i.e. indicating starting symbol, starting slot, and the ending symbol and ending slot. Without relying on the SFI information, this option cannot support the flexible DL/UL allocation during the scheduled slots.
Option 1 provides a full flexibility in reserving some resource for other channels/UEs in the scheduled slots, but brings too large a overhead in case of 4-slot and 8-slot cases. And for gNB, the DL/UL allocation is increasingly un-predictable in the increasingly distant slots. So even if the DCI design supports the separate symbol-level indication for each scheduled slot, gNB cannot fully use this flexibility for a accurate scheduling.
On the contrary, Option 2 is extremely unflexible, thus also not desirable. Our proposal is to use a combination of Option 1 and Option 2. The first N (e.g. N=2) slots in the scheduling slots can be separately indicated in symbol-level because the gNB can determine the DL/UL allocation in the slots. The later slots (e.g. >N) can  simply use the same symbol-level allocation. The allocation can follow a pre-defined default configuration including a set of symbols which are most likely to be available for the corresponding duplex direction. For example, for DL grant, the default configuration contains 1st half-slot (e.g. Symbol 2/3 ~ Symbol 6). For UL grant, the default configuration contains 2nd half-slot (e.g. Symbol 8 ~ Symbol 12). The default configuration can be configured via RRC signaling.
An example of DL RA for 8-slot scheduling is illustrated in Figure 3. The symbol-level allocations in Slot 0 and Slot 1 are indicated in time-domain RA bitfileld of DCI, whereas the Slot 2, 3, 4, 5, 6, 7 follow the default configuration. 
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Figure 3: Example of DL RA for 8-slot scheduling

An example of DCI bitfield for multi-slot scheduling is shown in Table 3.
Table 3: Time-domain RA bitfield in DCI for multi-slot scheduling

	Bitfield
	Number of bits in the bitfield
	Value of the bitfield
	

	Number of slots
	2
	00
	2 slots

	
	
	01
	4 slots

	
	
	10
	8 slots

	
	
	11
	reserved

	Symbol indication for Slot 0
	1
	0
	1st RRC-configured symbol allocation

	
	
	1
	2nd RRC-configured symbol allocation

	Symbol indication for Slot 0
	1
	0
	1st RRC-configured symbol allocation

	
	
	1
	2nd RRC-configured symbol allocation


Proposal 4: 

For DL/UL multi-slot scheduling,

· Number of slots is indicated in a separate DCI bitfield.

· Symbol-level indication for the first 2 slots 

· Other slots follow RRC-configured default symbol allocation.

3.3. Non-slot-based (mini-slot) scheduling 
Same DCI format as slot-based scheduling or different?
Although it has been agreed that for both slot-based and non-slot-based scheduling, the time-domain resource is indicated based on RRC-configured table, different DCI formats for non-slot-based and slot-based schedulings are still desired because very different value ranges are needed for them. 
As discussed in Section 3.1, only 2 values may be needed for slot-based scheduling.
However, a much larger number of values should be supported for non-slot-based scheduling. In downlink, the minus value should be allowed for PDCCH ( PDSCH timing difference, e.g. PDSCH is transmitted in slight advance of PDCCH. Our proposal is that timing difference from beginning of PDCCH or corresponding CORESET and beginning of PDSCH can be -2, -1, 0, 1, 2, 3, 4 symbols.

In uplink, the minus PDCCH ( PUSCH timing difference is not reasonable. And considering the UE processing time and cross-slot scheduling, the time difference can range from 2 symbols to 14 symbols.
Reference point for starting symbol indication?
The major use case of mini-slot scheduling is low latency transmission. Hence it is more reasonable that the PDSCH is transitted as soon as possible. Thus the timing difference between PDCCH and PDSCH should be small. In this case Option 2 is more efficient. 
The PDCCH ( PUSCH timing difference could be larger than PDCCH ( PDSCH timing difference. But Option 1 still brings some problem. For non-slot-based scheduling, the PDCCH can be present in any position of a slot. No matter in case PDCCH and PUSCH are located in the same slot (see Figure 4) or adjacent slots (see Figure 5), Option 2 is more efficient than Option1. Our proposal is for DL and UL, symbol number from the start of the PDCCH where scheduling PDCCH is indicated.

Another problem is what is the reference point in PDCCH for indicating PDCCH(PDSCH/PUSCH timing difference: 
· Option 1: Starting symbol of the PDCCH/CORESET

· Option 2: Ending symbol of the PDCCH/CORESET

From our perspective, both the two options work. Our proposal is to use ending symbol of the PDCCH/CORESET as the reference point for indicating PDCCH ( PDSCH timing difference.
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(a) Opt.1: Slot indication + starting symbol indication       (b) Opt.2: PDCCH(PUSCH difference indication
Figure 4: Two options for starting symbol indication for non-slot based scheduling (same-slot scheduling)
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(a) Opt.1: Slot indication + starting symbol indication       (b) Opt.2: PDCCH(PUSCH difference indication
Figure 5: Two options for starting symbol indication for non-slot based scheduling (cross-slot scheduling)

Proposal 5: 

For DL/UL non-slot-based (mini-slot) scheduling,

· Different DCI formats from slot-based scheduling.
· Indicate timing difference between PDCCH and starting symbol of PDSCH/PUSCH.

· Reference point is the ending symbol of the PDCCH/CORESET.
4. Conclusions
In this paper, opening issues on frequency and time domain resource allocation are discussed. The corresponding proposals are listed below:
Proposal 1: 

For DL/UL Type 0 frequency-domain resource allocation,

· A BWP size range ( RBG size mapping table is specified for a given DCI format.
· FFS: if different tables for DCI formats for slot-based and non-slot-based scheduling.
· In config 2 in a BWP size range ( RBG size mapping table, multiple BWP size ranges can be mapped to the same BWP size.

· A mixture of two RBG sizes can be adopted for resource alloction for a BWP. Zero-padding in RA bitfield should be avoided.

· A fixed size of RA bitfield is specified for a given DCI format.

· Per-grant BWP activation is supported with 2-bit BWP index indication.

· Different sizes for slot-based and non-slot-based scheduling can be considered.

Proposal 2: 

For DL/UL Type 1 frequency-domain resource allocation, a fixed size of RA bitfield is specified for a given DCI format.

Proposal 3: 

For one-slot scheduling, use 2-bit direct DCI indication to indicate the nominal starting slot. Then UE determine the actual slot by checking the SFI information.
Proposal 4: 

For DL/UL multi-slot scheduling,

· Number of slots is indicated in a separate DCI bitfield.

· Symbol-level indication for the first 2 slots 

· Other slots follow RRC-configured default symbol allocation.

Proposal 5: 

For DL/UL non-slot-based (mini-slot) scheduling,

· Different DCI formats from slot-based scheduling.
· Indicate timing difference between PDCCH and starting symbol of PDSCH/PUSCH.

· Reference point is the ending symbol of the PDCCH/CORESET.
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