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1. Introduction
In this contribution, we discuss DL/UL resource allocation. Following aspects are addressed.
· Frequency-domain resource allocation
· Details on LTE DL RA Type 0 based RA
· Details on LTE DL RA Type 2 based RA
· Intra-slot frequency-hopping for PUSCH
· Time-domain resource allocation
· Slot-based scheduling
· Multi-slot scheduling
· Non-slot-based scheduling
· TBS determination

2. Frequency-domain resource allocation
2.1. LTE DL RA Type 0 based RA
For frequency-domain RA based on the LTE 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. 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. If all these combinations are to be supported, the bit-map field will have huge variation. RAN1 should narrow down necessary RA field sizes considering the realistic use-cases.
Table. I		Bit-map field size for a given number of PRBs for a given bandwidth and a given RBG size
	

	


	P
	25
	50
	75
	100
	150
	200
	250
	275

	2
	13
	25
	38
	50
	75
	100
	125
	138

	[3]
	9
	17
	25
	34
	50
	67
	84
	92

	4
	7
	13
	19
	25
	38
	50
	63
	69

	[6]
	5
	9
	13
	17
	25
	34
	42
	46

	8
	4
	7
	10
	13
	19
	25
	32
	35

	16
	2
	4
	5
	7
	10
	13
	16
	18




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:
· Type 1: PDSCHs for different UEs with different bandwidths of the BWPs on the carrier in the same symbol/slot.
· Type 2: PDSCH and PDCCH on the carrier in the same symbol/slot.
Regarding type 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 {2, 3, 6} is useful. 
Regarding type 2 multiplexing, unit of PDSCH resource allocation should be matched with the PDCCH resource mapping. According to the current agreements/working assumptions, unit of PDCCH resource mapping in frequency-domain is a REG-bundle for interleaving case and is a PDCCH candidate for non-interleaving case. Therefore, it is desirable to support a set {2, 3, 6} for this type 2 multiplexing. 

However, taking into account these two aspects together, there is no perfect combinations in the current agreement. For example, in case of >=200, it is not possible to realize nested structure with a CCE for non-interleaving case (= 6 RBs) if the bit-map field size is up to 25 bits.

Therefore, we propose to include RBG size of 12, and agree to support 3 and 6, which have not been confirmed yet. Then, for a given , it should be possible to indicate/configure at least one value from {2, 4, 8, 16} or from {2, 3, 6, 12}. In the end, RA field size can be given as in Table II. Then, for a given bandwidth, it should be possible to configure one of the possible RBG sizes.
Table. II	Proposed bit-map field size for a given no. of PRBs for a given bandwidth and a given RBG size
	

	Number of PRBs for the given bandwidth

	P
	25
	50
	75
	100
	150
	200
	250
	275

	2
	13
	25
	38
	50
	75
	100
	125
	138

	3
	9
	17
	25
	34
	50
	67
	84
	92

	4
	7
	13
	19
	25
	38
	50
	63
	69

	6
	5
	9
	13
	17
	25
	34
	42
	46

	8
	4
	7
	10
	13
	19
	25
	32
	35

	12
	3
	5
	7
	9
	13
	17
	21
	23

	16
	2
	4
	5
	7
	10
	13
	16
	18



Proposal 1:
· The RBG size for LTE DL RA Type 0 based resource allocation is following:
· {2 or 3} for NRB <= 25
· {3 or 4} for 25 < NRB <= 50
· {3 or 4} for 50 < NRB <= 75
· {4 or 6} for 75 < NRB <= 100
· {6 or 8} for 100 < NRB <= 150
· {8 or 12} for 150 < NRB <= 200
· {8 or 12} for 200 < NRB <= 275
· Where NRB denotes the number or RBs for the given bandwidth, and for a given NRB, one of the value {A or B} is configured by higher-layer configuration.
· For given RBG size and NRB, the size of RBG bit-map field is determined.

2.2. LTE DL RA Type 2 based RA
For LTE DL RA Type 2, 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 III shows necessary number of bits for LTE DL RA Type 2 based RA assuming resource allocation granularity is 1 RB, 2 RBs, or 3 RBs, for a given bandwidth of 50 RBs ~ 275 RBs. As seen here, having coarser granularity offers less benefit in terms of overhead reduction. Therefore, we consider for LTE DL RA Type 2 based RA, 1RB granularity is sufficient.
Table. III	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 LTE DL RA Type 2 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. PUSCH frequency-hopping 
For PUSCH with DFT-s-OFDM waveform, it was agreed that intra-slot frequency-hopping is supported. At that time, it was considered that for PUSCH with CP-OFDM waveform, non-contiguous resource allocation works well and hence, frequency-hopping is not necessary for PUSCH with CP-OFDM waveform. However, currently it has been identified that intermodulation distortion (IMD) would be a serious problem and hence, in some cases even with CP-OFDM waveform, contiguous resource allocation only may be allowed. Considering the situation, we propose to support intra-slot frequency-hopping also for PUSCH with CP-OFDM waveform. Data mapping order should also be different from frequency-first and time-second, e.g., time-first and frequency-second mapping or another mapping [1].
It was agreed at RAN1#90 that frequency-hopping for a PUCCH occurs within the active UL BWP for the UE. In [2] - [3], 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. Considering that it is possible that different UEs having different UL BWPs share the same carrier, 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 3:
· Intra-slot frequency-hopping is supported also for PUSCH with CP-OFDM waveform.
· 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.
· Frequency-hopping bandwidth should not depend on the UL BWP and should be configurable flexibly.

3. Time-domain resource allocation
3.1. Slot-based scheduling
For NR, TDD operation can be dynamic and flexible. For this, the DCI scheduling a data should indicate the starting symbol and ending symbol and at which slot the data is scheduled. Considering the trade-off between flexibility and signaling overhead, 2-3 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.
Proposal 4:
· For slot-based scheduling, data starting symbol and ending symbol and at which slot the data is scheduled are indicated by the scheduling DCI.
· Consider 2-3 bits as the size of indication field.

3.2. Multi-slot scheduling
For multi-slot scheduling, following options were identified at RAN1#90 meeting:
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

The multi-slot scheduling is used to support both (1) a TB over K repetitions and (2) K TBs over K slots. Option 3 fits with the use-case (2) especially for transmitting longer duration without blank (e.g., LAA). On the other hand, for multi-slot scheduling on TDD carrier, it is beneficial to make the data starting position/duration of each slot being adjustable. Therefore, , option 1 is the only possible option.
[bookmark: _GoBack]On the determination of time-domain resources for multi-slot scheduling, the mechanism should be common with slot-based scheduling. 2-3-bit could be a good number as the indication field for the PDSCH/PUSCH time-domain resources for multi-slot scheduling. Since the field size is not large enough to indicate various patterns, candidate patterns should be configured by higher-layer signaling, and the field indicates one of them.
Proposal 5:
· For multi slots scheduling, 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.
· This is indicated by the scheduling DCI.
· Consider 2-3 bits as the size of indication field.

3.3. Non-slot-based scheduling
For non-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
This may relate to the question whether a mini-slot can cross a slot boundary. For a system where mini-slot is operated for some or all of the UEs, there is/are CORESETs at the beginning of a slot. From our point of view, all UEs supporting mini-slot-based operation should support slot-based operation. Furthermore, maximum TB is specified based on one slot and hence, scheduling mini-slot over more than one slot does not have a clear benefit. Therefore, the benefit of one mini-slot cross slot boundary is not so clear. Considering this, the mini-slot time-domain resource allocation can still be based on the combination of symbol number and slot number.
Compared to slot-based scheduling and multi-slot scheduling, time-domain granularity should be finer for non-slot-based scheduling. Therefore, we propose to increase the number of bits in the time-domain RA field for mini-slot scheduling.
Proposal 6:
· For non-slot-based scheduling, data starting symbol of a slot and which slot it applies to, and data ending symbol of a slot and which slot it applies to, are known by the UE.
· This is indicated by the scheduling DCI.
· Consider more than 2-3 bits as the size of indication field.

4. TBS determination
For TBS determination, following agreements have been made at RAN1#90:
	Agreements:
· Single maximum TB size is defined for the reference case, and is not exceeded.
· Reference case is a slot with 14 symbols.

Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value



There was a discussion on whether to ensure a UE to decode re-transmission without knowledge of initial transmission. We consider that it is important to ensure this, especially for enabling re-transmission before HARQ-ACK feedback. Besides, ensuring this can keep the LTE based requirement on PDCCH miss detection probability and HARQ-ACK DTX-to-ACK false-alarm probability.

Proposal 7:
· RAN1 specification ensures the system works with ensuring that the decoding of re-transmission does not rely on the knowledge of initial transmission.
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols.
· NDI is toggled in case of new transmission.

5. 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:
· The RBG size for LTE DL RA Type 0 based resource allocation is following:
· {2 or 3} for NRB <= 25
· {3 or 4} for 25 < NRB <= 50
· {3 or 4} for 50 < NRB <= 75
· {4 or 6} for 75 < NRB <= 100
· {6 or 8} for 100 < NRB <= 150
· {8 or 12} for 150 < NRB <= 200
· {8 or 12} for 200 < NRB <= 275
· Where NRB denotes the number or RBs for the given bandwidth, and for a given NRB, one of the value {A or B} is configured by higher-layer configuration.
· For given RBG size and NRB, the size of RBG bit-map field is determined.
Proposal 2:
· For LTE DL RA Type 2 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:
· Intra-slot frequency-hopping is supported also for PUSCH with CP-OFDM waveform.
· 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.
· Frequency-hopping bandwidth should not depend on the UL BWP and should be configurable flexibly.
Proposal 4:
· For slot-based scheduling, data starting symbol and ending symbol and at which slot the data is scheduled are indicated by the scheduling DCI.
· Consider 2-3 bits as the size of indication field.
Proposal 5:
· For multi slots scheduling, 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.
· This is indicated by the scheduling DCI.
· Consider 2-3 bits as the size of indication field.
Proposal 6:
· For non-slot-based scheduling, data starting symbol of a slot and which slot it applies to, and data ending symbol of a slot and which slot it applies to, are known by the UE.
· This is indicated by the scheduling DCI.
· Consider more than 2-3 bits as the size of indication field.
Proposal 7:
· RAN1 specification ensures the system works with ensuring that the decoding of re-transmission does not rely on the knowledge of initial transmission.
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols.
· NDI is toggled in case of new transmission.
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