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1. Introduction
At the RAN1 NR Ad-Hoc#2 meeting, following agreements were made [1]:
	Agreements:
· 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:
· 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.

Agreement:
· In configuration of a BWP,
· A UE is configured with BWP in terms of PRBs. 
· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.
· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreements:
· Common PRB indexing is supported
· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· The indexing is with respect to the reference point
· The indexing is with respect to a given numerology
· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.
· UE-specific PRB indexing is supported
· It is indexed per BWP with respect to the configured SCS for the BWP
· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH




In this contribution, we discuss frequency-domain resource allocation.
2. General consideration on frequency-domain resource allocation
For frequency-domain RA based on the LTE DL RA type 0, a bit-map field is necessary in the scheduling DCI. The bit-field size depends on the number of RBs/RBGs. Unlike LTE, for NR, bandwidth for the carrier is not always UE-common; depending on UE capability or active bandwidth part for the UE, carrier bandwidth is different in UE-specific and BWP-specific manner.
It was agreed that NR supports common PRB indexing and UE-specific PRB indexing. For scheduling PDSCH/PUSCH to a UE, it is sufficient to adopt UE-specific PRB indexing for the given BWP where the data is scheduled, since each transport block does not span over multiple BWP or multiple CCs. As the consequence, the bit-field size for frequency-domain RA may depend on the UE bandwidth or the configuration of the active UL BWP. For UL BWP, PUCCH/SRS resource allocation should follow the rules of PUSCH in the UL BWP configuration. 
On the other hand, in order to realize efficient multiplexing among narrow-band UEs, CA UEs, and wideband UEs in FDM and/or SDM (i.e., MU-MIMO) manner, following parameters/configurations should be able to be aligned among those UEs having different access bandwidths or the configurations of the active UL BWPs.
· RBG size for resource allocation based on LTE DL type 0.
· PRB bundling size.
· RS sequence generation.
· Frequency-hopping pattern.
Note that common PRB indexing is used for initial-access; all UEs sharing the same SS/PBCH shares the common PRB indexing which is used for SS/PBCH mapping and configuration of CORESET for RMSI scheduling. For other cases, the PRB indexing is per BWP-specific and per CC-specific.

Proposal 1
· Support common PRB indexing used for SS/PBCH mapping and configuration of CORESET for RMSI scheduling.
· Support UE-specific (BWP-specific and CC-specific) PRB indexing used for other cases.
· Following parameters are neither BWP-specific nor CC-specific.
· RBG size for resource allocation based on LTE DL RA type 0.
· PRB bundling size.
· RS sequence generation.
· Frequency-hopping pattern.

3. RBG size for resource allocation based on LTE DL RA type 0
Table I summarizes the necessary number of bits for RA for a given number of PRBs and for various possible RBG sizes. Red colors are the values supported in LTE. If all these combinations are to be supported, it creates a large variation of bit-map field sizes. Therefore, RAN1 should narrow down necessary RA field sizes considering the realistic use-case would actually be used.
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 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: 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 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. 
Regarding type 2 co-existence, unit of PDSCH resource allocation should be matched with the PDCCH resource mapping. According to the current agreements/working assumptions, unit of PDCCH in frequency-domain is REG-bundle for interleaving case and is PDCCH candidate for non-interleaving case. It is desirable to support a set {2, 3, 6} for this. 

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
	

	


	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 2:
· Table II is adopted as RBG size for a given number of PRBs.
· For a given bandwidth, one of the possible RBG sizes is configured.

4. Frequency-hopping pattern
For PUSCH with DFT-s-OFDM waveform, it was agreed that intra-slot frequency-hopping is supported for 14-symbol slot. It is obvious that the frequency-hopping should also be supported for PUCCH and SRS. The frequency-hopping pattern needs to be fixed taking into account that different UEs access the carrier with different BWP configurations or CA configurations.
It is natural to consider that the intra-slot frequency-hopping within a given UL BWP is enabled. In this case, there must be no time gap between frequency hops. Similarly to the discussion in section 2, 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. 
On the other hand, for a PUSCH spanning more than one slot, in addition to intra-/inter-slot frequency-hopping within the UL BWP, inter-slot frequency-hopping across UL BWPs can be considered. However, for the inter-slot frequency-hopping across UL BWPs, the necessary specification impact would be large.
[image: ]
Fig. 1 Example for frequency-hopping pattern

Proposal 3:
· For a PUSCH spanning within a slot,
· Frequency-hopping is within a given UL BWP.
· No time gap between frequency-hops.
· It is preferable that hopping pattern does not depend on UL BWP bandwidth.
· For a PUSCH spanning more than one slot,
· Frequency-hopping can be within a given UL BWP.
· No time gap between frequency-hops.
· It is preferable that hopping pattern does not depend on UL BWP bandwidth.
· Frequency-hopping can across multiple UL BWPs.
· FFS between allowing time gap or allowing bad EVM.

5. 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 4:
· 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.
[bookmark: _GoBack]
6. Conclusion
In this contribution, frequency-domain resource allocation was discussed and following proposals were achieved.
Proposal 1
· Support common PRB indexing used for SS/PBCH mapping and configuration of CORESET for RMSI scheduling.
· Support UE-specific (BWP-specific and CC-specific) PRB indexing used for other cases.
· Following parameters are neither BWP-specific nor CC-specific.
· RBG size for resource allocation based on LTE DL RA type 0.
· PRB bundling size.
· RS sequence generation.
· Frequency-hopping pattern.
Proposal 2:
· Table II is adopted as RBG size for a given number of PRBs.
· For a given bandwidth, one of the possible RBG sizes is configured.
Proposal 3:
· For a PUSCH spanning within a slot,
· Frequency-hopping is within a given UL BWP.
· No time gap between frequency-hops.
· It is preferable that hopping pattern does not depend on UL BWP bandwidth.
· For a PUSCH spanning more than one slot,
· Frequency-hopping can be within a given UL BWP.
· No time gap between frequency-hops.
· It is preferable that hopping pattern does not depend on UL BWP bandwidth.
· Frequency-hopping can across multiple UL BWPs.
· FFS between allowing time gap or allowing bad EVM.
Proposal 4:
· 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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