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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Scalable numerologies have been designed for NR for diverse services, deployment scenarios and spectrums. For the resource block design with the scalable numerologies, the followings were agreed [1].
 (
Agreement
: The number of subcarriers per PRB is 12.
Adopt RB grid for FDM as it was agreed in TDM (ZTE: similar proposal in 
R1-1610483
) – supported by 
ZTE, ZTE Microelectronics, Ericsson, Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell, Panasonic, 
Convida
 Wireless
, Intel, CATT, 
InterDigital
, Samsung, 
MediaTek
, ETRI
NR carrier shall support UEs with bandwidth support smaller than the carrier bandwidth
FFS: Fractional RB support
Working assumption:
Adopt RB grid for FDM as it was agreed in TDM
Agreement:
Alignment within a 
subframe
Symbol level alignment across different subcarrier 
spacings
 with the same CP overhead is assumed within a 
subframe
 duration in a NR carrier
FFS: Unlicensed spectrum case
)
In this contribution, RB grid for FDM and resource allocation scheme will be discussed. 
[bookmark: _Ref129681832]RB grid for multiplexing with multiple numerologies
For multiple numerologies TDM, nested RB grids with RB boundaries alignment has been agreed. For multiple numerologies FDM, we can adopt RB grid as it was agreed in TDM or the RB grid can defined per numerology and start at different position.
Multiplexing with multiple numerologies
TDM multiplexing with multiple numerologies
For multiple numerologies in TDM, for simple scheduling implementation, it is desirable to index the PRB per numerology independently and the RB grid boundaries are aligned in frequency domain as shown in Figure 1. 



Figure 1 PRB indexing for multiple numerologies TDM 
RB number and active BW with different SCS may be different. In this case, the lower boundaries of transmission BW alignment are proposed for simple relationship between the indexing of different numerologies as shown in Figure 2. Because the BW can’t divisible by all numerologies, the position of higher boundaries is different for different SCS.

 
Figure 2 PRB indexing and system BW alignment
Proposal 1: NR should support independent PRB indexing for each numerology when different numerologies are TDMed within a NR carrier. 
FDM multiplexing with multiple numerologies
For multiple numerologies in FDM, there are two candidates for the RB grid:
· Option 1: Just as it was agreed in TDM
· Option 2: the RB grid can defined per numerology and start at different position


Figure 3a RB grid in option 1 



Figure 3b RB grid in option 2 

The resource block boundaries will vary dynamically in option 2, which need more control overhead and do not seem to provide benefits. When allocate the resource to UE, some band may not have RB because of the different start point in different SCS, which need to change the resource allocation type0-2 in LTE which is not desirable for multiplexing of LTE and NR. So we prefer the option 1.
Proposal 2: Adopt RB grid for FDM as it was agreed in TDM.
For multiple numerologies in FDM, there are two candidates for indexing the PRB:
· Option 1: The PRB is indexed per numerologies independently within the resource portion as shown in Figure 3. For a numerology, the PRB indexing starts from 0 in the corresponding resource portion.
· Option 2: The PRB is indexed per numerologies independently within part of system BW as shown in Figure 3. Here the part of system BW also can be the whole system BW. For a numerology, the PRB indexing of a given frequency location is the same as the indexing when there is only the numerology within the BW.



[bookmark: _Ref461095584]Figure 4 PRB indexing for multiple numerologies FDM
Option1 is difficult to support dynamic multiplexing between different numerologies and the PRB index will be changed with the resource portion.
The advantages of the two RB indexing candidates shown in Figure 3 are listed in the following, and the option 2 is proposed for simple design.
· Advantage of option 1: The bits in DCI for resource allocation are less than option 2 when the BW is large. Resource portion allocation can be semi-static and can be signaled via RRC signaling. When resource portion allocation is semi-static, option 1 is better from DCI size perspective.
· Advantage of option 2: There no need for indicating the bandwidth of resource portion configured with one numerology to UE, and it is simple for UE to position the RB with flexible resource portion bandwidth configuration and the PRB can be allocated to UE independently with multiple numerologies [2]. When resource portion allocation is dynamic, Option 2 is preferred.

Proposal 3: NR should support PRB indexing independent of numerologies at least in the case of dynamic scheduling over a large BW.
Resource allocation and indication
Current and future cellular networks are leaning towards larger system BWs, e.g., 100 MHz. Some UEs may only occupy a small part of the bandwidth.  Existing RB allocation technique (e.g., LTE type 0/1/2) can be inefficient when different types of traffic co-exist and/or same bitmap size is used to allocate RBs for all traffic types within a large BW. A UE-centric RB allocation scheme can be adopted, where RB allocation is not done over the whole sub-band and is function of UE characteristics, e.g. Payload.  Sub-bands can be decomposed into chunks (cf. Figure 5) and a UE may only need few chunks, if not all. Option 1 and 2 can be used to index the RB in chunks allocated to one UE. We propose that a two-stage RB allocation scheme can be used. The first stage indicates the chunk(s) of the sub-band, from which the RBs are allocated. In the next stage, RB allocation within the selected chunks is identified (cf. Figure 6). This saves in overhead, in particular for small packets transmission.
[image: ]
Figure 5 Logical Division of the sub-band BW into K chunks
 For example, let us assume PRB size N = 12, BW = 20MHz, number of RBs, NRB = 100. Let, M denotes the number of chunks allocated to UE out of K chunks (M can be chosen based on UE characteristics). P is the RBG size. The following examples highlight the overhead savings in RB allocation, when a UE may not need to occupy large portion of the BW.
	
	LTE type 0/1
	Two-stage RB allocation

	K = 4, M = 1, P = 2
	25bits
	BW division = 4 bits, 
RB allocation = 13 bits, total 17 bits



[image: ]
Figure 6 Two-stage RB allocation
Proposal 4: NR should study low-overhead RB allocation mechanisms for small packet transmission.

Conclusions
Proposal 1: NR should support independent PRB indexing for each numerology when different numerologies are TDMed within a NR carrier. 
Proposal 2: Adopt RB grid for FDM as it was agreed in TDM.
Proposal 3: NR should support PRB indexing independent of numerologies at least in the case of dynamic scheduling over a large BW.
Proposal 4: NR should study low-overhead RB allocation mechanisms for small packet transmission.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref167612875][bookmark: OLE_LINK1][bookmark: _Ref167612671]3GPP RAN1#86bis, Chairman’s note, October, 2016.

Microsoft_Visio_Drawing11.vsdx
0
1
0
0
2
3
1
4
5
2
1
6
7
3
8
9
4
2
10
11
5
12
13
6
3
14
15
7
f0
2f0
4f0

frequncy

RB grid



image2.emf
0 1

0

0

2 3

1 ...

26

104

52

105 106

53

107 108

54

f0

2f0

4f0

frequncy

RB grid

109 110

aligned


Microsoft_Visio_Drawing22.vsdx
0
1
0
0
2
3
1
...
26
104
52
105
106
53
107
108
54
f0
2f0
4f0
frequncy

RB grid
109
110
aligned



image3.emf
0 1

0

0

2 3

1

4 5

2

1

6 7

3

8 9

4

2

10 11

5

12 13

6

3

14 15

7

f0

2f0

4f0

time

RB grid


Microsoft_Visio_Drawing33.vsdx
0
1
0
0
2
3
1
4
5
2
1
6
7
3
8
9
4
2
10
11
5
12
13
6
3
14
15
7
f0
2f0
4f0

time

RB grid



image4.emf
0

0

1 2

0

3 4

1

1

5 6

2

7 8

3

2

9 10

4

11 12

5

3

13 14

6

f0

2f0

4f0

time

RB grid


Microsoft_Visio_Drawing44.vsdx
0
0
1
2
0
3
4
1
1
5
6
2
7
8
3
2
9
10
4
11
12
5
3
13
14
6
f0
2f0
4f0

time

RB grid



image5.emf
0 1 2 3 1 2 6 7

f0

2f0

4f0

0 1

0

0

2 3

1

4 5

2

1

6 7

3

8 9

4

2

10 11

5

12 13

6

3

14 15

7

PRB indexing

resource portion 0 resource portion 1 resource portion 2

0 1 2 3 0 1 0 1 PRB indexing

resource portion 0 resource portion 1 resource portion 2

Option 1:  independent indexing within the resource portion

Option 2:  independent indexing within part of system BW


Microsoft_Visio_Drawing55.vsdx
0
1
2
3
1
2
6
7
f0
2f0
4f0
0
1
0
0
2
3
1
4
5
2
1
6
7
3
8
9
4
2
10
11
5
12
13
6
3
14
15
7
PRB indexing
resource portion 0
resource portion 1
resource portion 2
0
1
2
3
0
1
0
1
PRB indexing
resource portion 0
resource portion 1
resource portion 2
Option 1:  independent indexing within the resource portion
Option 2:  independent indexing within part of system BW



image6.png




image7.png
Field 1 Field 2




image1.emf
0 1

0

0

2 3

1

4 5

2

1

6 7

3

8 9

4

2

10 11

5

12 13

6

3

14 15

7

f0

2f0

4f0

frequncy

RB grid


