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Introduction
In RAN1 #90bis, the following agreements were made on CSI subband size:
Agreement:
· Adopt the following refined subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, [8]

	61 – 100
	8, [16]

	101 – 200
	[12], [24]

	201 – 275
	16, [32] 


· The 2nd subband size values in brackets are to be confirmed or refined in RAN1#91 
Furthermore, some decisions have been taken regarding RBG size in RAN1:
Agreements (in RAN1#89):
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes

Agreements (in RAN1#90bis):
	
	Config 1
	Config 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

	X1+1 – X2 RBs
	RBG size 3
	RBG size 4

	…
	…
	…



· RRC selects config 1 or config 2
· One config (config 1) is the default until RRC configures otherwise
· The numbers ‘RBG size’ in the table are fixed in the spec
· The number of rows should be no more than [4-6]
· Same table for DL and UL
· The configuration for DL & UL is separate
· Same RBG size irrespective of the duration (slot vs. non-slot)

In this contribution, we discuss further on the PRB ranges and the corresponding subband size.
[bookmark: _Ref178064866]Discussion
NR is targeted to operate in frequency bands both below and above 6GHz.  When operated in legacy LTE frequency bands below 6GHz, NR is expected to provide better system performance than LTE.  In general, CSI feedback over smaller subband size provides richer channel and interference information to the network node and thus better link adaptation and better system throughputs. 
The subband sizes for CSI feedback in LTE are given in the table below.  With the current agreed subband size for NR, the first subband size for 5 MHz (25RBs) and 10MHz (50RBs) system bandwidth is 4RBs, which is smaller than the subband sizes for 5 and 10MHz in LTE.  This ensures better link adaptation in NR than in LTE.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Table 7.2.1-3: Subband Size (k) vs. System Bandwidth
	System Bandwidth
	Subband Size

	

	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8



Due to better spectrum utilization in NR (>90%) than in LTE (=90%), NR system at 20MHz bandwidth would have more than 100RBs assuming the same 15kHz subcarrier spacing (SCS). With the current agreed subband size for more than 100RBs in NR, the smallest subband size for 20MHz bandwidth would be 12 RBs in NR, which is larger than the subband size of 8 RBs in LTE. This would put NR at a disadvantage. 
[bookmark: _Toc498710502]For 20MHz bandwidth, NR has more than 100RBs due to better spectrum utilization than LTE. The minimum subband size is then 12RBs, which is larger than that in LTE. The larger subband size would place NR at a disadvantage compared to LTE.  
To provide at least the same link adaptation performance in NR as in LTE, it is reasonable to have the same subband size for NR with 20MHz bandwidth as in LTE. We also propose to slightly adjust the lower end of the range, in order to make the boundary be a multiple of 12. For this purpose, we have the following proposal:
[bookmark: _Toc498419409][bookmark: _Toc498419465][bookmark: _Toc498456945][bookmark: _Toc498632141][bookmark: _Toc498710506][bookmark: _Toc498711836][bookmark: _Toc498712023][bookmark: _Toc498715085]Change the PRB ranges for subband size in NR as shown in Table 1.
[bookmark: _Ref498416682]Table 1: proposed changes on PRB range.
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60 59
	4, [8]

	6160 – 100 110
	8, [16]

	101 111 – 200
	[12], [24]

	201 – 275
	16, [32] 



[bookmark: _Toc498419410]It was agreed that for each PRB range, two configurable subband sizes are defined. The main motivation of supporting two configurable subband sizes is to provide a trade-off between frequency domain CSI granularity and CSI feedback overhead for a given system bandwidth. In frequency bands below 6GHz and with bandwidth smaller than 110 PRBs, it is desirable to have the 1st subband size be smaller than or of equal size as in LTE in the same PRB range so NR provides better or equally good frequency granularity than LTE, while the second subband size lager to provide a feedback overhead reduction.
A design target for the values of the subband sizes are that they should be aligned with RBG sizes as much as possible, in order to simplify gNB link adaptation when using frequency-selective scheduling. The RBG sizes are not yet finalized, but what has been agreed is that, for each BW range, two possible RBG values can be configured (similar to the subband sizes) and that the possible values for RBG size are among 2,4,8,16 PRBs. The PRB boundaries for RBG sizes have not yet been determined. Though, it is reasonable to assume that:
· for 60-110 PRBs, RBG=4 will be one of the values, as that is the RBG size for the corresponding BW in LTE. 
· for all BWs, RBG=8 will be a possible value since this is the second largest value and two values can be configured
· for 111-200 PRBs, RBG=4 and RBG=8 could be configured
Based on these assumptions we observe that:
[bookmark: _Toc498710504]Subband size of 12 PRBs will likely be a multiple of RBG size for 111-200 PRBs, so the brackets can be removed
[bookmark: _Toc498710505]The second values for the subband sizes should a multiple of the likely second largest RBG value
[bookmark: _Toc498419411]Based on the above motivation, Table 2 lists some possible sizes for the second subband size. The maximum number of subbands are also shown in the table.  The numbers are comparable to that in LTE.
[bookmark: _Ref498711291]Table 2: Candidate for the second subband size. 
	Carrier bandwidth part (PRBs)
	2nd subband size (PRBs)
	Min # of subbands
	Max # of subbands

	24
	59
	8
	3
	8

	60
	110
	12
	5
	10

	111
	200
	16
	7
	13

	201
	275
	32
	7
	9



[bookmark: _Toc498419412][bookmark: _Toc498419466][bookmark: _Toc498456946][bookmark: _Toc498632142][bookmark: _Toc498710507][bookmark: _Toc498711837][bookmark: _Toc498712024][bookmark: _Toc498715086] Consider the second subband sizes listed in Table 2.
[bookmark: _Toc498711838]Combining Table 1 and Table 2, the refined bandwidth range and subband sizes are summarized in Table 3.
[bookmark: _Ref498711579]Table 3: Refined bandwidth range and subband sizes.
	Carrier bandwidth part (PRBs)
	1st subband size (PRBs)
	2nd subband size (PRBs)

	24
	59
	4
	8

	60
	110
	8
	12

	111
	200
	12
	16

	201
	275
	16
	32



[bookmark: _Toc498711839][bookmark: _Toc498712025][bookmark: _Toc498715087]Support the refined PRB ranges and the second subband sizes summarized in Table 3.
Conclusions
In this contribution, we made the following observations:
Observation 1	For 20MHz bandwidth, NR has more than 100RBs due to better spectrum utilization than LTE. The minimum subband size is then 12RBs, which is larger than that in LTE. The larger subband size would place NR at a disadvantage compared to LTE.
Observation 2	Subband size of 12 PRBs will likely be a multiple of RBG size for 111-200 PRBs, so the brackets can be removed
Observation 3	The second values for the subband sizes should a multiple of the likely second largest RBG value

[bookmark: _In-sequence_SDU_delivery]We make the following additional proposals: 
Proposal 1	Change the PRB ranges for subband size in NR as shown in Table 1.
Proposal 2	Consider the second subband sizes listed in Table 2.
Proposal 3	Support the refined PRB ranges and the second subband sizes in Table 3.
	Carrier bandwidth part (PRBs)
	1st subband size (PRBs)
	2nd subband size (PRBs)

	24
	59
	4
	8

	60
	110
	8
	12

	111
	200
	12
	16

	201
	275
	16
	32
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