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1. Introduction
At the RAN1#89 meeting, following agreements were made [1]:
	Agreements:
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.
· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.
· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.

Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes
· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered
· Opt. 1: RBG size is determined by the NW channel BW
· FFS: Necessity of signaling
· Opt. 2: RBG size is determined by BW for the configured BW part
· FFS: Necessity of signaling
· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW
· FFS: Set of configurable RBG sizes may depend on frequency range
· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details



In this contribution, we discuss resource allocation in frequency-domain.
2. Frequency-domain RA for PDSCH and PUSCH with CP-OFDM waveform
It was agreed that the starting point of resource allocation is LTE DL RA type 0. It was also agreed that at least RBG sizes 2, 4, 8, and 16, are supported. Therefore, RBG-level bit-map resource allocation should be supported for NR. 
For LTE, all UEs (except for MTC/IoT UEs) access the carrier with the same system bandwidth. Therefore, RBG size and the total number of RBGs per carrier can be UE-common. However, for NR, for a given carrier, access bandwidth could be different among UEs depending on their UE capability. In order to efficiently multiplex UEs in the same carrier regardless of their UE capability of access bandwidth, it is preferred to use the same RBG size among UEs. Therefore, RBG size (and the number of RBGs) should not be determined by UE-specific access bandwidth; it should be determined by the system bandwidth or by network configuration.
Table I summarizes necessary number of bits for RA for a given number of PRBs and for a given RBG size. Red colors are the values supported in LTE. If all these combinations are to be supported, it creates a large variation of RA field sizes. Therefore, RAN1 should narrow down necessary RA field sizes that would actually be used.
Table. I		RA field size for a given number of PRBs for a given carrier 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 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 25 bits.
Secondly, following two types of co-existence should be realized in an efficient manner:
· Type 1: Co-existence of PDSCHs for UEs having different access bandwidths on the carrier in the same symbol/slot.
· Type 2: Co-existence of PDSCH with a certain RBG size and PDCCH in the same symbol/slot.
Regarding type 1 co-existence, possible RBG sizes within the same system bandwidth should be 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 on the same OFDM symbol. In this sense, support of a set {2, 4, 8, 16} or a set {2, 3, 6} is useful. On the other hand, regarding type 2 co-existence, PDSCH mapping unit size should be matched with the PDCCH resource mapping. So far, REG mapping unit size for interleaved PDCCH has not been agreed yet (2 or 3 or 6), while for non-interleaved PDCCH, it was agreed that REG mapping unit size of consecutive 6 REGs per CCE (and also CCEs for a given PDCCH is consecutive). Therefore, support of nested structure including 6 is useful.

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 RA 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. 
Table. II	Proposed RA field size for a given number of PRBs for a given carrier 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

	12
	3
	5
	7
	9
	13
	17
	21
	23

	16
	2
	4
	5
	7
	10
	13
	16
	18



Proposal 1:
· Support RBG-level bit-map resource allocation for PDSCH and for PUSCH with CP-OFDM waveform.
· The RA field size is up to 25 bits.
· Table II is adopted as RBG size for a given number of PRBs.
· FFS: how the RBG size is determined.

3. Frequency-domain RA for PUSCH with DFT-s-OFDM waveform
For LTE, contiguous and non-contiguous (i.e., clustered) resource allocations were supported. However, for NR, assuming that RBG-level bit-map resource allocation is supported for PUSCH with CP-OFDM waveform, there is no strong reason to support non-contiguous resource allocation for PUSCH with DFT-s-OFDM waveform. So, we propose to confirm the working assumption that for PUSCH with DFT-s-OFDM waveform, contiguous resource allocation only is supported.
Proposal 2:
· Conform the working assumption:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.


Note that the necessary RA field size for a given  is given in Table III.
Table III.	RA sizes for contiguous resource allocation.
	
	


	
	25
	50
	75
	100
	150
	200
	250
	275

	

	9
	11
	12
	13
	14
	15
	15
	16



4. Realization of large/small resource allocation in dynamic manner
If the RBG-level bit-map resource allocation only is supported for PDSCH and for PUSCH with CP-OFDM waveform, it is not possible to realize large dynamic range of resource allocation, e.g., full bandwidth to one or a few PRBs by a single mechanism. The simple way is to let the UE to monitor two DCI formats configured with different resource allocation types or two DCI formats configured with different RBG sizes. For example, UE monitors one DCI format having RA field for RBG-level bit-map, and one more DCI format having RA field for contiguous resource allocation. It is important to alleviate UE blind decoding effort as much as possible. However, it is also important to keep the operational flexibility and control signaling efficiency. In this sense, blind decoding for multiple DCI formats having the same/different payloads is still necessary for NR. It it FFS whether monitoring different DCI formats requires to use multiple CORESETs or they are monitored in the same CORESET. 
Proposal 3:
· UE monitors one or more DCI formats with the same/different payloads for a given carrier.
· Monitoring different DCI payloads on different CORESETs is allowed.
· FFS: monitoring different DCI payloads on one CORESET.
· FFS: any restrictions.

5. Conclusion
In this contribution, frequency-domain resource allocation was discussed and following proposals were achieved.
Proposal 1:
· Support RBG-level bit-map resource allocation for PDSCH and for PUSCH with CP-OFDM waveform.
· The RA field size is up to 25 bits.
· Table II is adopted as RBG size for a given number of PRBs.
· FFS: how the RBG size is determined.
Proposal 2:
· Conform the working assumption:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
Proposal 3:
· UE monitors one or more DCI formats with the same/different payloads for a given carrier.
· Monitoring different DCI payloads on different CORESETs is allowed.
· FFS: monitoring different DCI payloads on one CORESET.
· FFS: any restrictions.
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