[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting 91    		 R1-1720821
Reno, USA, November 27th – December 1st, 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	DL/UL resource allocation
[bookmark: Source]Agenda Item:	7.3.3.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this contribution, we discuss the resource allocation (RA) in following aspects:
· Frequency-domain resource allocation 
· NR DL RA Type 0
· NR DL RA Type 1
· VRB-to-PRB mapping
· PUSCH frequency hopping
· Time-domain resource allocation
· Slot-based scheduling
· Multi-slot scheduling or slot aggregation
· Mini-slot-based scheduling

2. Frequency-domain resource allocation
2.1. NR DL RA Type 0
In the RAN1#90bis meeting, following agreements were made:
	Agreements:
	
	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)

Agreements:
· For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2
Agreement:
· 1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC
Agreement:
· When 1-bit DCI field is present, the following configuration is supported
· Candidate values: {2, 4, scheduled BW}
· FFS: support 1 as an additional candidate value
· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values
· When two candidate values are configured, one value is implicitly determined
· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)
· The DCI bit field indicated “0”: select one RRC configured candidate value
· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4
[bookmark: _Hlk495503020]Agreement:
· Adopt the following refined subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, [8]

	61 – 100
	8, [16]

	101 – 200
	[12], [24]

	201 – 275
	16, [32] 


· The 2nd subband size values in brackets are to be confirmed or refined in RAN1#91 







For frequency-domain RA based on the NR DL RA type 0, a bit-map field is necessary in the scheduling DCI. Necessary size of the bit-map field depends on the number of RBGs, and the number of RBGs depends on the number of RBs in the bandwidth and RBG size. Firstly, it is not realistic to consider that RA field sizes much larger than 25 bits are necessary. For example, =200 with P=4 results in the RA field size of 50 bits, in which case the total payload of the DCI format is extremely large. It would be sufficient to limit the RA field size with up to around 25 bits.
Secondly, following two types of multiplexing should be realized in an efficient manner:
· Case 1: PDSCHs for different UEs with different bandwidths of the BWPs on the carrier in the same symbol/slot.
· Case 2: PDSCH and PDCCH on the carrier in the same symbol/slot.
Regarding case 1 multiplexing, possible RBG sizes within the same system bandwidth should be in nested manner. For example, if, for one UE the RBG size is 6 while for another UE the RBG size is 8, FDM of the two UEs causes some blank PRBs. In this sense, support of a set {2, 4, 8, 16} or a set {3, 6, 12, 24} is useful. 
Regarding case 2 multiplexing, unit of PDSCH resource allocation should be fitting with the PDCCH resource allocation. According to the agreements made at the RAN1#90bis meeting, as for CORESET configuration in frequency-domain, NR DL RA Type 0 basis in units of 6 RBs is re-used. Therefore, it is desirable to support a set {3, 6, 12, 24} for this case 2 multiplexing. 
Based on above analysis, Table I summarizes the necessary number of bits in the bit-map field for a given number of PRBs in the bandwidth and for various possible RBG sizes. Two different RB boundaries for bandwidth from 24 RBs to 100 RBs are assumed below, one is the boundary adopts 50, the other uses 60, so as to align the Sub-band size for CSI. Between these two, our slight preference is to adopt 50; fixing the RBG size for 24 – 60 RBs results in larger size of the bit-map field for 24 – 60, compared to other cases. Although RBG size and subband size are not aligned for 50 – 60 RBs, with our proposal [1], they can still be subset/superset relation. Therefore, no fundamental issue is found to adopt 50. Then, for any BWP configuration, bit-map field does not exceed 25 bits for {2, 4, 8, 16}, and 17 bits for {3, 6, 12, 24}. If it turned out that RA field size alignment is highly important for BWP adaptation, by adapting BWs across N, 2N, 4N, 8N, where N is 25 – 50, the bit-map field size can be kept unchanged across different BWPs for the given Config for RBG size.
Table. I		Bit-map field size for a given number of PRBs for a given bandwidth and a given RBG size
	Carrier BWP (PRBs)
	Config 1 (RBG size, Bit-map field size)
	Config 2 (RBG size, Bit-map field size)
	
	Carrier BWP (PRBs)
	Config 1 (RBG size, Bit-map field size)
	Config 2 (RBG size, Bit-map field size)

	24 – 50 
	2
	25
	3
	17
	
	24 – 60
	2
	30
	3
	20

	51 – 100
	4
	25
	6
	17
	
	61 – 100
	4
	25
	6
	17

	101 – 200
	8
	25
	12
	17
	
	101 – 200
	8
	25
	12
	17

	201 - 275
	16
	18
	24
	12
	
	201 – 275
	16
	18
	24
	12




Proposal 1:
· Support following table of RBG size for NR DL RA Type 0 :
	Carrier BWP (PRBs)
	Config 1 (RBG size, Bit-map field size)
	Config 2 (RBG size, Bit-map field size)

	24 – 50 
	2
	25
	3
	17

	51 – 100
	4
	25
	6
	17

	101 – 200
	8
	25
	12
	17

	201 - 275
	16
	18
	24
	12



· For given RBG size and NRB, the size of RBG bit-map field is determined.
· Strive for the alignment of the bit-map field size (including padding bit(s)) for different number of PRBs such that DCIs scheduling data on different sizes of BWPs can be monitored with the same DCI size.
2.2. NR DL RA Type 1
In the RAN1 #90bis meeting, following agreements were made:
	Agreements:
· For the fallback DCI, only resource allocation type 1 is supported
· At least with PRB-level granularity
· FFS other granularity(ies)



For NR DL RA Type 1, the size of the RA field depends on the number of RBs for a given bandwidth. It is FFS whether a coarser granularity (i.e., more than 1RB) of resource assignment in order to reduce overhead further is supported. 
Table II shows necessary number of bits for NR RA Type 1 based RA assuming resource allocation granularity is 1 RB, 2 RBs, or 3 RBs, for a given bandwidth of 25 RBs ~ 275 RBs. As seen here, for a given bandwidth, having coarser granularity offers 2-bit or 3-bit overhead reduction. For DL/UL non-fallback DCI, 1RB granularity is sufficient. For fallback DCI, considering the main function of the fallback DCI is still used for scheduling the data in a safety mode, then 1RB granularity is sufficient. If compact DCI is also needed in NR for scheduling some system information like paging, etc. like LTE DCI format 1C, more than 1RB granularity should be supported. 
Table. II	RA field size for a given number of PRBs for a given bandwidth and a given RA granularity P
	Granularity
	

	P
	25
	50
	75
	100
	150
	200
	250
	275

	1
	9
	11
	12
	13
	14
	15
	15
	16

	2
	7
	9
	10
	11
	12
	13
	13
	14

	3
	6
	8
	9
	10
	11
	12
	12
	13



Proposal 2:
· For NR non-fallback and fallback DCI using RA Type 1 based RA;
· Resource allocation granularity is 1 RB.
· The size of RA field is determined based on the number of RBs for the given bandwidth.
2.3. VRB to PRB mapping
Following agreements were made for VRB-to-PRB mapping:
	Agreements:
1. The notion of VRB is included in the specifications.
1. A non-transparent VRB-to-PRB mapping (i.e. PRB_i=VRB_j where j=f(i)) is supported 
1. At least for resource allocation type 1
1. Discuss further whether to support it also for resource allocation type 0
1. At least a block-interleaver is used for VRB-to-PRB mapping 
2. FFS the details
1. A single bit in the DCI indicates localized or distributed VRB-to-PRB mapping.



In LTE, two types of VRB are defined: localized VRBs and distributed VRBs. In the case of localized VRBs, there is a direct mapping from VRB pairs to PRB pairs; in the case of distributed VRBs, the mapping from VRB pairs to PRB pairs is not direct, consecutive VRBs are mapped to non-consecutive PRBs by a VRB-to-PRB mapping function. Similarly, the two types of VRBs can also be defined for NR. For RA Type 0, frequency diversity gain can be obtained by scheduling non-consecutive RBGs using the bit-map. In other words, localized VRB can offer frequency-diversity gain for RA type 0. For RA type 1, only continuous RBs are allocated. To obtain the frequency diversity gain, it was agreed to support the non-transparent VRB-to-PRB mapping, i.e., distributed VRB. Generally, there are two steps when design the distributed VRB:
· Interleaver design such that consecutive VRBs are not mapped to frequency-consecutive PRBs in one slot
· Intra-slot frequency hopping such that even a single VRB pair within one slot can be distributed in the frequency domain.
For interleaver design, the remaining issues are to determine the number of RBs over which the interleaver can span and the parameters for the interleaver, like the numbers of columns and rows, locations of nulls, etc. 
Regarding the number of RBs where the interleaver can span, in order to support efficient multiplexing between the UEs having different BWP, it is preferred that the number of RBs N_subband usable for distributed VRBs is configurable by UE-specific RRC signaling. 
The number of rows defines separation between PRBs on which contiguous VRBs are mapped. To support efficient multiplexing between RA Type 0 and RA Type 1, the separation between contiguous VRBs should be aligned with the RBG size. Therefore, it is proposed the number of rows R is an integer multiple of RBG size. 
For the number of columns C, similar as LTE, the number of columns defines the diversity order for the allocated multiple VRBs. With an increasing number of columns, the achievable diversity order increases. However, it increases the number of orphan RB(s) in the RBG. Therefore, the number of columns should be defined to achieve a good trade-off between supporting a sufficient diversity gain and the minimizing the number of orphan RB(s) in a RBG. 

In summary, following interleaver for distributed VRB-to-PRB mapping can be supported:
Proposal 3: 
· The number of common C can be configured from a set of values like {2, 4, X}, and the number of rows R=ceil(N_subband/ (C*N_RBG)) * N_RBG, where N_subband is the configured subband that the interleaver can span across all RBs within it, and write in the row and read in the column.

For the second step of intra-slot frequency hopping, we provide our views in the next section.
2.4. PUSCH frequency-hopping 
Following agreements were made for PUSCH frequency hopping:
	Agreements:
· Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
· At least support intra-slot FH for Msg.3.   
· FFS: details including hopping pattern/configurations, signaling designs, etc.
· FFS whether applicable to all PUSCH durations within a slot 
· FFS: whether to support repetition of Msg.3
· Support UE-specific RRC configuration of the following: 
· Mode 1: intra-slot FH only 
· FFS whether applicable to all PUSCH durations within a slot
· Note: Mode 1 is applicable to single slot and repetition case
· Mode 2: inter-slot only 
· Note:  Mode 2 is applicable to repetition case
· FH across mini-slots for repetitions 
· FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.
· FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.
· Support RAR/UL grant indication for PUSCH frequency-hopping
· FFS: details including how to indicate enable/disable and pattern/mode of FH.



2.4.1. Single-slot PUSCH transmission
It was agreed to support frequency-hopping also for PUSCH using CP-OFDM waveform with contiguous resource allocation to obtain the frequency diversity gain while avoiding causing a serious problem of intermodulation distortion (IMD). Hence, the data mapping order should also be different from frequency-first and time-second [1].
It was agreed at RAN1#90 that frequency-hopping for a PUCCH occurs within the active UL BWP for the UE. In [2], boundaries for intra-slot frequency-hopping for long-PUCCH having various starting positions/durations are proposed. PUSCH frequency-hopping should also follow this way. No time gap should be specified between frequency hops. 
For FH gap/offset/bandwidth, following factors need to be taken into account.
· Efficient multiplexing between UEs with UL CP-OFDM waveform and RA Type 0 and UEs with UL CP-OFDM/DFT-s-OFDM waveform and RA Type 1, the FH gap/offset/bandwidth should be multiple of RBG size. 
· Efficient multiplexing between UEs with different BWPs sharing the same carrier
· Achieve good tradeoff between lower signaling overhead and sufficient frequency diversity gain
Therefore, frequency-hopping pattern should not be dependent on UL BWP configuration; for example, as shown in Fig. 1, frequency-hopping pattern for the UE1 with wider UL BWP can be based on narrower UL BWP configured/activated for UE2 to reduce the spectrum fragmentation. 
[image: ]
Fig. 1 Example for frequency-hopping pattern
Proposal 4:
· For PUSCH with CP-OFDM waveform applying the intra-slot frequency hopping, data mapping order is the same as that for intra-slot frequency-hopping PUSCH with DFT-s-OFDM waveform.
· Frequency-hopping for a PUSCH occurs within the active UL BWP for the UE.
· Intra-slot frequency-hopping boundary in time-domain should be aligned with frequency hopping boundary for long-PUCCH. 
· Frequency-hopping bandwidth in frequency domain should not depend on the bandwidth of the UL BWP and should be configurable flexibly.

2.4.2. Multiple-slot PUSCH transmission
A long-PUCCH over multiple slots is supported for NR [3]. For this, intra-slot FH and inter-slot FH are not enabled at the same time. Similarly, for PUSCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE.
If multiple-slot PUSCH adopts intra-slot FH, following two options can be considered as shown in Fig. 2.
Option 1: intra-slot FH applies in K slots, where K is the number of aggregated slots.
Option 2: intra-slot FH applies in the slot # floor (K/2).
[image: ]
Fig. 2 Intra-slot FH for multiple-slot PUSCH transmission
Option 1 can obtain more diversity gain also in time-domain, while option 2 can improve the channel estimation accuracy. Compared these two, option 1 is preferred since option 2 with even value of K cannot realize equal amount of resources between the hops, which results in unequal performance. 
If multiple-slot PUSCH adopts inter-slot FH, following two options can be considered as shown in Fig. 3.
Option 1: hopping is applied to every two slots.
Option 2: hopping is applied to every M slots, where M<=K.
[image: ]
Fig. 3 Inter-slot FH for multiple-slot PUSCH transmission
For inter-slot FH for multiple-slot PUSCH, option 1 and option 2 fits different operations. For example, if the number of slots for multiple-slot PUSCH can change while the frequency-hopping pattern is fixed, option 1 is better than option 2. On the other hand, if the number of slots for multiple-slot PUSCH is semi-statically fixed and is equal to the frequency-hopping pattern, option 2 offers better channel estimation accuracy. So, exact way should be determined taking into account the applicable operation.
For FH gap/offset/bandwidth, similar analysis as for single-slot PUSCH transmission.
Proposal 5:
· For multiple-slot PUSCH transmission,
· Intra-slot FH applies in K slots, where K is the number of aggregated slots.
· Inter-slot FH applies in either every two slots or every M slots.
· Final decision should take the use-cases into account.

3. Time-domain resource allocation
Following agreements were made for time-domain resource allocation:

	Agreements:
· 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



Whether using different indexes in one table for single-slot scheduling and multiple-slot scheduling depends on whether the dynamic switching between single-slot and multiple-slot scheduling is necessary or not. In addition, whether dynamic adjust the repetition number K is necessary, if it is necessary, then single-slot scheduling can be seen as the case when K=1, hence one table can contain indexes for single-slot and multiple-slot, cross-slot scheduling. If above flexibility is unnecessary, separate table is preferred to reduce the DL signaling overhead. Within each table, flexibility can be given for each scheduling case, single-slot, multiple-slot or cross-slot scheduling. 
3.1. Slot-based scheduling
For NR, TDD operation can be dynamic and flexible. For this, the DCI scheduling a data should be able to indicate the starting symbol and ending symbol and at which slot the data is scheduled. Considering the trade-off between flexibility and signaling overhead, 2 bits could be a good number as the indication field for the PDSCH/PUSCH starting and ending position and at which slot the data is scheduled. Assuming the field has n bits, there are 2n states. Higher-layer signaling configures 2n entries of {starting symbol, ending symbol, scheduled slot}, and the indication field in the scheduling DCI can indicate one of them. Note that before RRC connection set-up, UE-specific parameter set(s) of {starting symbol, ending symbol, scheduled slot} is/are not available. Note that “default” or “UE-common” set(s) of {starting symbol, ending symbol, and scheduled slot} would be needed, for receiving RMSI, OSI, Paging, Msg2/4, etc, and for transmitting Msg3.
Proposal 6:
· For slot-based scheduling, scheduling DCI can indicate {data starting symbol, ending symbol, and scheduled slot}, for the scheduled data.
· UE can be configured with 2n entries by higher-layer signalling, and the field in the DCI indicates one of them, where n is the number of bits for the field.
· The value of n should be 2.

3.2. Multi-slot scheduling or slot aggregation
At the RAN1 AH-NR#3 meeting, following agreements were achieved:
	Agreements:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions



At the RAN1#90 meeting, following options for multi-slot scheduling were identified:
	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



For a grant-based DL or UL transmissions where a TB spans K slots with K repetitions with RV sequence, the use-case would be to achieve better coverage and/or reliability and latency. The scheduled K slots for the TB should be contiguous while the resultant K slots may be non-continuous due to some slot(s) may be invalid/unavailable which is pre-known between gNB and UE. Besides, within the K slots, available number of symbols for data may not be the same across slots. 
However, sufficient flexibility for multi-slot scheduling requires large overhead in the DCI if the flexibility needed for option 1 is enabled only by the information carried by the scheduling DCI. Instead of relying only on the scheduling DCI, we propose to make use of other information (e.g., semi-static/dynamic SFI, group-common DCI) for finer adjustment of starting symbol and/or ending symbol of each slot for the K slots including full drop of a slot where the multi-slot scheduling is carried out. For example:
· Scheduling DCI indicates {starting symbol, ending symbol, starting slot, and the number of slots K}, where the starting symbol and ending symbol are applied to all the K slots.
· Same as for slot-based scheduling, 2n entries are configured by higher-layer signaling, and one of them is indicated by DCI.
· Within the K slots, adjustment of starting symbol and/or ending symbol of each slot is carried out by other higher-layer/L1 signalling, e.g., semi-static/dynamic SFI. For example, even if the DCI schedules UL data at the beginning of a slot within the K slots, if the semi-static SFI informs the UE that the beginning of the slot is DL, the UL data in the slot is shortened and rate-matched.
Proposal 7:
· For multi-slot scheduling for K slots, data starting symbol and ending symbol of each slot of the aggregated slots and the starting slot and ending slot where it is applied to, is known by the UE.
· Scheduling DCI can indicate {data starting symbol, ending symbol, starting slot, and the number of slots K}, for the scheduled data.
· UE can be configured with 2n entries by higher-layer signalling, and the field in the DCI indicates one of them, where n is the number of bits for the field.
· The value of n should be 2.
· The scheduled K slots for the TB should be contiguous while the resultant L slots may be non-contiguous due to some slot(s) may be invalid/unavailable which is pre-known between gNB and UE.
· Exact starting symbol or ending symbol of each slot within the K slots can be adjusted by other higher-layer/L1 signalling.

The scheduled/configured K slots for the TB should be contiguous nominally, while the resultant K slots may be non-continuous because some slot(s) may be invalid/unavailable, e.g. some slot(s) are semi-statically configured as DL, UL or reserved. In addition, for UL transmission without UL grant, there exist timing misalignment between traffic arrival and the occurrence of the reserved/activated resource for UL data transmission. Then whether these ‘invalid/unavailable’ slot(s) are counted in the repetitions for both data with and without grant needs to be further clarified. Generally, there are two alternatives:
Alt.1: the ‘unavailable’ slot(s) is counted in the repetitions. 
In this case, UE always skips the transmission on the ‘unavailable’ slots. However, the number of real data transmission is probably less than the K due to other information (e.g., semi-static/dynamic SFI, group-common DCI). 
Alt.2: the ‘unavailable’ slot(s) is NOT counted in the repetitions, UE postpones the repetition in next available slot. 
In this case, the number of repetitions K is the number of “actual transmissions” for repetition. If any collision happens on the reserved/indicated resources, the data is postponed to the next reserved/indicated resource until the number of repetitions reaches the K or receiving L1 signaling to stop current data transmission.
Alt.1 is simple and does not require receiver to blindly check the order of the repetitions while the reliability/latency and/or coverage cannot be ensured. Alt.2 can realize K real transmissions to improve the reliability or coverage by enabling combining all the K repetitions while misalignment on the order of the repetitions between gNB and UE may occur. We think whether the ‘unavailable’ slot(s) should be counted or not depends on the reason why UE skipped the transmission and therefore, following Alt.3, which can be viewed as a combined method of Alt. 1 and Alt.2 is necessary:
Alt.3: The repetition is postponed as long as the understanding of unavailable slot(s) is aligned between gNB and UE; otherwise the repetition(s) is/are skipped. 
As shown in Figure 2, due to time misalignment between the traffic arrival and the initial transmission occasion, UE drops the first transmission and there is measurement gap e.g. 1 slot occurs in the third repetition which is aligned between gNB and UE, then UE postpones the third repetition to the next available slot.  

[image: ]
Figure 2. repetition construction

Proposal 8:
· Allow UE to skip/drop UL transmission(s) within the K repetitions.
· For skipping/dropping UL transmission(s) within the K repetitions due to ‘unavailable’ slot(s), if the understanding on the unavailable slot(s) for repetition is aligned with the gNB and UE, then UE should postpone the repetition, otherwise the UE should skip the repetition(s).

3.3. Mini-slot-based scheduling
For mini-slot-based scheduling, following aspects are FFS:
· 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
First, we need to address whether a mini-slot can across a slot boundary. We consider that all the UEs supporting mini-slot operation shall also support slot-based operation. With this, mini-slot scheduling across a slot boundary is less attractive. If it is desirable to schedule data for a UE over multiple slots starting from a middle of a slot, one mini-slot data can be scheduled on a slot, while one slot-based data can be scheduled on the next slot. 
Then, assuming this, starting symbol and ending symbol of a mini-slot data is always within the same slot. Therefore, the configuration for slot-based scheduling can be re-used; for a mini-slot scheduling, DCI can indicate {starting symbol, ending symbol, scheduled slot}. On the other hand, unlike slot-based scheduling, it is desirable to have further flexibility in the time-domain resource allocation for mini-slot-based scheduling. We propose to enable any combinations of starting symbol and ending symbol within a slot. For this, necessary number of bits is ceiling(log2(14*(14+1)/2)) = 7 bits. Then, extra 1 bit is used to indicate which slot it applies to (i.e., two of one slot can be indicated). In total, 8 bits are used for time-domain resource allocation for mini-slot operation.
Proposal 9:
· For mini-slot-based scheduling, scheduling DCI can indicate {data starting symbol, ending symbol, and scheduled slot}, for the scheduled data.
· 7 bits are used to indicate starting symbol and ending symbol of a given mini-slot in the scheduled slot.
· 1 bit is used to indicate which slot it applies to.
· For the scheduled slot, the UE can be configured with 2 entries by higher-layer signalling, and the 1 bit field in the DCI indicates one of them.


4. Conclusion
In this contribution, we discussed DL/UL resource allocation in frequency-domain and time-domain. Our views on TBS determination was also presented. Following proposals were made:
Proposal 1:
· Support following table of RBG size for NR DL RA Type 0 :
	Carrier BWP (PRBs)
	Config 1 (RBG size, Bit-map field size)
	Config 2 (RBG size, Bit-map field size)

	24 – 50 
	2
	25
	3
	17

	51 – 100
	4
	25
	6
	17

	101 – 200
	8
	25
	12
	17

	201 - 275
	16
	18
	24
	12



· For given RBG size and NRB, the size of RBG bit-map field is determined.
· Strive for the alignment of the bit-map field size (including padding bit(s)) for different number of PRBs such that DCIs scheduling data on different sizes of BWPs can be monitored with the same DCI size.
Proposal 2:
· For NR non-fallback and fallback DCI using RA Type 1 based RA;
· Resource allocation granularity is 1 RB.
· The size of RA field is determined based on the number of RBs for the given bandwidth.
Proposal 3: 
· The number of common C can be configured from a set of values like {2, 4, X}, and the number of rows R=ceil(N_subband/ (C*N_RBG)) * N_RBG, where N_subband is the configured subband that the interleaver can span across all RBs within it, and write in the row and read in the column.
Proposal 4:
· For PUSCH with CP-OFDM waveform applying the intra-slot frequency hopping, data mapping order is the same as that for intra-slot frequency-hopping PUSCH with DFT-s-OFDM waveform.
· Frequency-hopping for a PUSCH occurs within the active UL BWP for the UE.
· Intra-slot frequency-hopping boundary in time-domain should be aligned with frequency hopping boundary for long-PUCCH. 
· Frequency-hopping bandwidth in frequency domain should not depend on the bandwidth of the UL BWP and should be configurable flexibly.
Proposal 5:
· For multiple-slot PUSCH transmission,
· Intra-slot FH applies in K slots, where K is the number of aggregated slots.
· Inter-slot FH applies in either every two slots or every M slots.
· Final decision should take the use-cases into account.
Proposal 6:
· For slot-based scheduling, scheduling DCI can indicate {data starting symbol, ending symbol, and scheduled slot}, for the scheduled data.
· UE can be configured with 2n entries by higher-layer signalling, and the field in the DCI indicates one of them, where n is the number of bits for the field.
· The value of n should be 2.
Proposal 7:
· For multi-slot scheduling for K slots, data starting symbol and ending symbol of each slot of the aggregated slots and the starting slot and ending slot where it is applied to, is known by the UE.
· Scheduling DCI can indicate {data starting symbol, ending symbol, starting slot, and the number of slots K}, for the scheduled data.
· UE can be configured with 2n entries by higher-layer signalling, and the field in the DCI indicates one of them, where n is the number of bits for the field.
· The value of n should be 2.
· The scheduled K slots for the TB should be contiguous while the resultant L slots may be non-contiguous due to some slot(s) may be invalid/unavailable which is pre-known between gNB and UE.
· Exact starting symbol or ending symbol of each slot within the K slots can be adjusted by other higher-layer/L1 signalling.
Proposal 8:
· Allow UE to skip/drop UL transmission(s) within the K repetitions.
· For skipping/dropping UL transmission(s) within the K repetitions due to ‘unavailable’ slot(s), if the understanding on the unavailable slot(s) for repetition is aligned with the gNB and UE, then UE should postpone the repetition, otherwise the UE should skip the repetition(s).
Proposal 9:
· For mini-slot-based scheduling, scheduling DCI can indicate {data starting symbol, ending symbol, and scheduled slot}, for the scheduled data.
· 7 bits are used to indicate starting symbol and ending symbol of a given mini-slot in the scheduled slot.
· 1 bit is used to indicate which slot it applies to.
· For the scheduled slot, the UE can be configured with 2 entries by higher-layer signalling, and the 1 bit field in the DCI indicates one of them.
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