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Introduction
In the last few meetings, RAN1 has been discussing how to achieve downlink and uplink data scheduling for the new radio (NR) and reached the following agreements:
 RAN1 Agreements:
· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15
· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing
· Note: final value for a given channel BW is up to RAN4 decision
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing
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
Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation
· FFS on detailed frequency hopping for PUSCH
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.

In this contribution, we provide more details for the DL/UL resource allocation schemes in frequency-domain for NR that are applicable to contiguous and non-contiguous resource allocations.
Frequency-domain resource allocation schemes
The essential requirements for the resource allocation schemes are mostly to reduce the overhead, to enable frequency selective scheduling when channel state information (CSI) is available and frequency distributed scheduling when CSI is not available at the gNB. However, when reducing the overhead, care should be taken to get a right balance between the overhead reduction and system performance such as achievable throughput and scheduling flexibility. In principle, this can be achieved by allowing the scheduler to decide either large or small RB allocations in dynamic manner without increasing the signalling overhead.
In NR, the maximum number of physical resource blocks (PRBs) in a carrier system bandwidth is to be decided between 275 and 550 PRBs corresponding to 3300 and 6600 subcarriers respectively. Table 1 and 2 show the number of possible PRBs for 50MHz and 100MHz carrier system bandwidths by taking into account the subcarrier spacing.   
Table 1. 50 MHz Carrier bandwidth
	Subcarrier spacing
	Number of subcarriers
	Number of PRBs

	15 kHz
	3300
	275

	30 kHz
	1650
	137

	60 kHz
	825
	68

	120 kHz
	412
	34

	
	
	



Table 2. 100 MHz Carrier bandwidth
	Subcarrier spacing
	Number of subcarriers
	Number of PRBs

	15 kHz
	6600
	550

	30 kHz
	3300
	275

	60 kHz
	1650
	137

	120 kHz
	825
	68

	
	
	



In order to reduce the signalling overhead of the resource allocation (RA) schemes, it was agreed to group a number of PRBs known as resource block groups (RBG) so that a bit-map scheme can be utilised to indicate which RBGs are allocated for data transmission to the UE in a given scheduling instance. In RAN1#89, it was agreed that the set of RBG sizes includes at least 2, [3,] 4, [6,] 8, 16. However, it is not clear to us the benefits of having additional RBG sizes of 3 and 6 considering that 2, 4, 8 and 16 are already included. In addition, it should be noted that an RBG size of 1 has not been agreed yet which we think it should also be supported.
Furthermore in order to allow network to employ different scheduling strategies, the maximum RBG size for each subcarrier spacing (SCS) should be configured from the network side. This maximum RBG size can determine the signaling overhead of the resource allocation scheme using bit-map scheme as we will see shortly in this document.
Proposal 1: The set of RBG sizes for NR includes 1, 2, 4, 8, and 16.

Proposal 2: The network configures the maximum RBG size () for each SCS from the set of RBG sizes of 1, 2, 4, 8, and 16.

Non-contiguous RA schemes
In RAN1#89, it was agreed that in frequency-domain, for PDSCH and PUSCH with CP-OFDM waveform, starting point for the resource allocation scheme is at least LTE DL RA type 0 which should allow to schedule PDSCH and PUSCH with large resource allocation as well as 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. 
The above agreement can be implemented as shown on Figure 1 and described below:

[image: ]
Figure 1. The network bandwidth is divided into a number of equal sub-bands.




Let  be the number of PRBs in a downlink carrier system bandwidth for a given subcarrier spacing, and let  be the maximum RBG size that a carrier system bandwidth for a given subcarrier spacing is configured, then the total number of bits in a bit-map scheme will be. 




The concept is to partition the network channel bandwidth into a number of equal sub-bands assuming an RBG size of , for example as shown on Figure 1, when RBG size equals 8 (=8), the bandwidth can be divided into 2 equal sub-bands where each sub-band has a bit-map scheme of size . In this case, the scheduler can assign one sub-band at a time with RBG size of 8. The point is that the size of the bit-map scheme does not change regardless of which RBG size () is used at a given time instance.
Based this, table 3 and 4 show that there are 31 possible allocations which would require a 5-bit header for choosing one out of these allocations. The total number of overhead will be 18+5 = 23 bits and 35+5 = 40 bits for 275 and 550 PRBs carrier bandwidths respectively. We assumed that the PRBs and RBGs are indexed in the order of increasing frequency-domain (i.e. from the lowest frequency).

Table 3. NR Channel bandwidth of = 275 PRBs
	Number of PRBs


	
RBG size ()
	
Bit-map size 
	Number of sub-bands to be allocated for each RBG size

	275
	
 = 16
	18
	1

	275
	8
	18
	2

	275
	4
	18
	4

	275
	2
	18
	8

	275
	1
	18
	16

	
	
	
	Total number of allocations = 31




Table 4. Table 4. NR Channel bandwidth of = 550 RBs
	Number of PRBs


	
RBG size ()
	
Bit-map size 
	Number of sub-bands to be allocated for each RBG size

	550
	
 = 16
	35
	1

	550
	8
	35
	2

	550
	4
	35
	4

	550
	2
	35
	8

	550
	1
	35
	16

	
	
	
	Total number of allocations = 31



Proposal 3: For DL/UL RA with Bit-map scheme (PDSCH/PUSCH with CP-OFDM waveform), adopt the following:
· 
Let  be the number of PRBs in a downlink/uplink carrier system bandwidth for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a carrier system bandwidth for a given subcarrier spacing can support 
· 
Then the total number of bits in a bit-map scheme isbits.


Contiguous RA schemes
LTE UL Type 0: In RAN1#89, it was agreed that in frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel-15. Therefore, LTE UL Type 0 is a good candidate to provide a low signalling overhead for contiguous allocations for NR.

For LTE UL Type 0 scheme, if we assume carrier bandwidths of 275 PRBs and 550 PRBs, the total signalling overhead using 1 PRB granularity is given by which is 17 bits and 19 bits respectively.
However, to reduce the signalling overhead further, it is possible to apply the concept of RBG also for LTE UL Type 0 scheme as follows:





Let  be the number of PRBs in an uplink carrier system bandwidth for a given subcarrier spacing, let  be the maximum RBG size that a carrier system bandwidth for a given subcarrier spacing is configured, and let the total number of RBGs is, therefore, by assuming contiguous RBGs can be allocated, for carrier system bandwidths of 275 PRBs and 550 PRBs, the signalling overhead is given by which is 9 bits and 11 bits respectively when= 16.
Similar to bit-mapping scheme, Table 5 and 6 show 31 possible allocations which would require a 5-bit header for choosing one out of these allocations. . The total number of overhead will be 9+5 = 14 bits and 11+5 = 16 bits for 275 and 550 PRBs carrier bandwidths respectively. It is obvious that this scheme reduces the signalling overhead significantly, and should be supported for the UL scheduling in NR.

Table 5. NR Channel bandwidth of = 275 PRBs
	Number of PRBs


	RBG size 

()
	
Number of RBGs 
	Signalling overhead


	Number of sub-bands to be allocated for each RBG size

	275
	
 = 16
	18
	9 bits
	1

	275
	8
	18
	9 bits
	2

	275
	4
	18
	9 bits
	4

	275
	2
	18
	9 bits
	8

	275
	1
	18
	9 bits
	16

	
	
	
	
	Total number of allocations = 31




Table 6. NR Channel bandwidth of = 550 PRBs
	Number of PRBs


	RBG size 

()
	
Number of RBGs 
	Signalling overhead


	Number of sub-bands to be allocated for each RBG size

	550
	
 = 16
	18
	11 bits
	1

	550
	8
	18
	11 bits
	2

	550
	4
	18
	11 bits
	4

	550
	2
	18
	11 bits
	8

	550
	1
	18
	11 bits
	16

	
	
	
	
	Total number of allocations = 31



LTE DL Type 2: In many cases, the flexibility provided by the bit-map schemes are not needed, for example when channel dependant scheduling is not used (e.g. CSI/CQI not available) or when channel profile indicated that that the preferred RBs are contiguous [3]. In addition, there are many traffic profile, such as VoIP, TCP-Acks, etc., that require small or compact allocations without incurring the large overhead signalling of the bit-map scheme. So, we think NR should also support the LTE DL Type 2 scheme for compact DCI formats with the same description as LTE UL Type 0 above. 
Proposal 4: LTE UL Type 0 and DL Type 2 schemes with RBG sizes should also be supported for NR as follows:
· 
Let  be the number of PRBs in a downlink/uplink carrier system bandwidth for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a carrier system bandwidth for a given subcarrier spacing can support, and 
· 
Let the total number of RBGs is 
· 
Therefore, by assuming contiguous RBGs can be allocated, then the total number of signalling bits is given by.


Conclusion
In this contribution, we have provided more details of the DL/UL resource allocation schemes in frequency-domain for NR that are applicable to non-contiguous and contiguous resource allocations and we have the following proposals:
Proposal 1: The set of RBG sizes for NR includes 1, 2, 4, 8, and 16.

[bookmark: _GoBack]Proposal 2: The network configures the maximum RBG size () for each SCS from the set of RBG sizes of 1, 2, 4, 8, and 16.
Proposal 3: For DL/UL RA with Bit-map scheme (PDSCH/PUSCH with CP-OFDM waveform), adopt the following:
· 
Let  be the number of PRBs in a downlink/uplink carrier system bandwidth for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a carrier system bandwidth for a given subcarrier spacing can support 
· 
Then the total number of bits in a bit-map scheme isbits.

Proposal 4: LTE UL Type 0 and DL Type 2 schemes with RBG sizes should also be supported for NR as follows:

· 
Let  be the number of PRBs in a downlink/uplink carrier system bandwidth for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a carrier system bandwidth for a given subcarrier spacing can support, and 
· 
Let the total number of RBGs is 
· 
Therefore, by assuming contiguous RBGs can be allocated, then the total number of signalling bits is given by.


References
1) TR 36.802, “Study on New Radio (NR) Access Technology; Physical Layer Aspects”, 3GPP.
2) R1-1709095, “On Frequency-domain and Time-domain Resource Allocation”, Ericsson, RAN1#90.
3) R1-073218, “On signaling of resource allocations”, Ericsson, Qualcomm, Motorola, Panasonic, NEC, NTT DoCoMo, Nokia, Nokia Siemens Networks, Texas Instruments, Mitsibishi, Nortel




6

image2.emf
Time (slot) 

Freq.

(RBs)

slot

P = 16 with one allocation 

slot

P = 8 with two separate allocations 

slot

P = 4 with four separate allocations 

and so on


image3.wmf
DL

RB

N


oleObject2.bin

oleObject3.bin

image4.wmf
é

ù

max

DL

RB

/

P

N

N

RBG

=


oleObject4.bin

image5.wmf
P


oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

image6.wmf
P


oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

image7.wmf
XL

RB

N


oleObject19.bin

oleObject20.bin

image8.wmf
é

ù

max

XL

RB

/

5

P

N

N

RBG

+

=


oleObject21.bin

image9.wmf
é

ù

)

2

/

)

1

(

(

log

UL

RB

UL

RB

2

+

N

N


oleObject22.bin

image10.wmf
UL

RB

N


oleObject23.bin

oleObject24.bin

image11.wmf
é

ù

max

UL

RB

/

P

N

N

RBG

=


oleObject25.bin

image12.wmf
é

ù

)

2

/

)

1

(

(

log

UL

RBG

UL

RBG

2

+

N

N


oleObject26.bin

oleObject27.bin

image13.wmf
UL

RB

N


oleObject28.bin

image14.wmf
UL

RB

N


oleObject29.bin

oleObject30.bin

image15.wmf
é

ù

max

UL

RB

/

P

N

N

RBG

=


oleObject31.bin

image16.wmf
é

ù

)

2

/

)

1

(

(

log

UL

RBG

UL

RBG

2

+

N

N


oleObject32.bin

oleObject33.bin

image17.wmf
UL

RB

N


oleObject34.bin

oleObject35.bin

oleObject36.bin

image18.wmf
é

ù

max

UL

RB

/

P

N

N

RBG

=


oleObject37.bin

image19.wmf
é

ù

)

2

/

)

1

(

(

log

UL

RBG

UL

RBG

2

+

N

N


oleObject38.bin

oleObject39.bin

image20.wmf
XL

RB

N


oleObject40.bin

oleObject41.bin

image21.wmf
é

ù

max

XL

RB

/

P

N

N

RBG

=


oleObject42.bin

image22.wmf
é

ù

)

2

/

)

1

(

(

log

5

XL

RBG

XL

RBG

2

+

+

N

N


oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

image23.wmf
é

ù

max

XL

RB

/

5

P

N

N

RBG

+

=


oleObject47.bin

oleObject48.bin

oleObject49.bin

image1.wmf
max

P


oleObject50.bin

image24.wmf
é

ù

)

2

/

)

1

(

(

log

5

XL

RBG

XL

RBG

2

+

+

N

N


oleObject51.bin

oleObject1.bin

