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[bookmark: _Toc490126343]Introduction
The following was agreed in RAN1 Ad Hoc #3

[bookmark: _GoBack]Agreement:
Confirm the working assumption
· SRS sequence for NR is supported for up to 272 PRBs by using LTE SRS sequences generation equation
· Note: 272 PRBs corresponds to the maximum bandwidth support by NR
· FFS: On the set of supported SRS bandwidths

Agreement:
· NR supports C_SRS and B_SRS to be UE-specifically configurable


In [1], we discussed design rules for an SRS bandwidth configuration table. In this contribution we discuss table design in more detail and provide a table design that can serve as the starting point for further discussions.
[bookmark: _Ref178064866][bookmark: _Toc490126344]Discussion
In LTE, 36.211 contains 4 separate SRS bandwidth tables [2], motivated by the division between what is cell-specifically configured by broadcast and what is UE specifically configured by RRC. In NR, since it was agreed that the SRS bandwith parameters C_SRS and B_SRS are UE-specifically configured (see above agreement), it does not make sense to have separate tables. Hence we propose a single, larger table.
The main new aspects to capture in the table design for NR compared to LTE are (1) extension of the LTE SRS bandwidth from a maximum of 96 PRBs up to a maximum of 272 PRBs, with a reasonable granularity on the SRS bandwidth, and (2) support for intra-slot hopping of the full hopping bandwidth in 2 or 4 symbols. The later point is important for fast full-bandwidth sounding to support reciprocity use cases.
Based on this, we proposed the following set of design rules in [1]:

[bookmark: _Toc494719634][bookmark: _Toc494721343][bookmark: _Toc494721507][bookmark: _Toc494723282]NR supports a single SRS bandwidth configuration table defined in a similar way as in 36.211 where multiple values of C_SRS define the rows and 4 values of B_SRS (0, 1, 2, 3) define the 4 columns.
[bookmark: _Toc494719635][bookmark: _Toc494721344][bookmark: _Toc494721508][bookmark: _Toc494723283]For SRS BW <= 96 PRBs, the configuration table includes the 17 unique rows from the 4 LTE tables defined in 36.211, i.e., Tables 5.5.3.2-1, 5.5.3.2-2, 5.5.3.2-3, and 5.5.3.2-4.
[bookmark: _Toc494719636][bookmark: _Toc494721345][bookmark: _Toc494721509][bookmark: _Toc494723284]To the extent possible, the configuration table includes rows for which m_{SRS,0} has a granularity of 8 PRBs for all SRS BW in the range 4 – 272 PRBs.
[bookmark: _Toc494719637][bookmark: _Toc494721346][bookmark: _Toc494721510][bookmark: _Toc494723285][bookmark: _Ref494724058]To support intra-slot hopping whereby the full hopping bandwidth is sounded in either 2 or 4 OFDM symbols in one slot, support the following two design rules for the configuration table: (1) N_1 = 2 for rows where m_{SRS,0} is an integer multiple of 8 PRBs, and (2) N_1 = N_2 = 2 for rows where  m_{SRS,0} is an integer multiple of 16 PRBs.
[bookmark: _Toc494719638][bookmark: _Toc494721347][bookmark: _Toc494721511][bookmark: _Toc494723286][bookmark: _Ref494723403]To support as close as possible to full-band sounding for each supported CC/[BWP] bandwidth with N PRBs, the configuration tables contains at least one entry with SRS bandwidth m_{SRS,0} = floor(N/4)*4 PRB
NR SRS bandwidth table proposal
Based on these design rules we develop a proposal for a BW configuration table for NR.
LTE SRS bandwidths
Removing all duplicate entries from the 4 LTE tables in 36.211 we get the following:

	
	B_SRS = 0
	B_SRS = 1
	B_SRS = 2
	B_SRS = 3

	C_SRS
	m_{SRS,0}
	N_0
	m_{SRS,1}
	N_1
	m_{SRS,2}
	N_2
	m_{SRS,3}
	N_3

	0
	4
	1
	4
	1
	4
	1
	4
	1

	1
	8
	1
	4
	2
	4
	1
	4
	1

	2
	12
	1
	4
	3
	4
	1
	4
	1

	3
	16
	1
	4
	4
	4
	1
	4
	1

	4
	20
	1
	4
	5
	4
	1
	4
	1

	5
	24
	1
	4
	6
	4
	1
	4
	1

	6
	32
	1
	16
	2
	8
	2
	4
	2

	7
	36
	1
	12
	3
	4
	3
	4
	1

	8
	40
	1
	20
	2
	4
	5
	4
	1

	9
	48
	1
	16
	3
	8
	2
	4
	2

	10
	48
	1
	24
	2
	12
	2
	4
	3

	11
	60
	1
	20
	3
	4
	5
	4
	1

	12
	64
	1
	32
	2
	16
	2
	4
	4

	13
	72
	1
	24
	3
	12
	2
	4
	3

	14
	80
	1
	40
	2
	20
	2
	4
	5

	15
	96
	1
	32
	3
	16
	2
	4
	4

	16
	96
	1
	48
	2
	24
	2
	4
	6


Table 1: SRS bandwidth in LTE.









NR supported carrier bandwidths
In this section we add the likely supported carrier bandwidths for NR. Observe that these entries could need revisiting if changes are made to the supported tables.
	SCS[kHz]
	5MHz
	10MHz
	15MHz
	20MHz
	25MHz
	40MHz
	50MHz
	60MHz
	80MHz
	100MHz

	
	
	
	
	
	
	
	
	
	
	

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	SCS[kHz]
	50MHz
	100MHz
	200MHz
	400MHz
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	60
	66
	132
	264
	N.A
	
	
	
	
	
	

	120
	32
	66
	132
	264
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Table 2: NR supported carrier bandwidths.
From these entries, by applying the requirement in Proposal 5 we obtain the following additional entries for the bandwidth configuration table:


	
	B_SRS = 0
	B_SRS = 1
	B_SRS = 2
	B_SRS = 3

	C_SRS
	m_{SRS,0}
	N_0
	m_{SRS,1}
	N_1
	m_{SRS,2}
	N_2
	m_{SRS,3}
	N_3

	8
	28
	1
	4
	7
	4
	1
	4
	1

	16
	52
	1
	4
	13
	4
	1
	4
	1

	22
	76
	1
	4
	19
	4
	1
	4
	1

	34
	132
	1
	12
	11
	4
	3
	4
	1

	49
	216
	1
	36
	6
	12
	3
	4
	3

	56
	264
	1
	132
	2
	12
	11
	4
	3

	57
	268
	1
	4
	67
	4
	1
	4
	1


Table 3: NR SRS bandwidth table for NR supported carrier bandwidths.
NR intra-slot hopping entries for reciprocity

In reciprocity based operation it is beneficial to have a minimal delay between the full-bandwidth sounding and data transmission. Adopting the design rule in Proposal 4 allows for full band sounding in a single slot. To enable this, we propose that we first design entries in the table in addition to the ones in the previous two sections that satisfy a certain granularity requirement. Considering that 4 – 272 PRBs must be supported, we believe that a reasonable level of granularity is 8 PRBs for m_{SRS,0}. Then, to enable full-band sounding in a single slot in either 2 or 4 OFDM symbols we propose two design criteria: (1) N_1 = 2 for rows where m_{SRS,0} is an integer multiple of 8 PRBs, and (2) N_1 = N_2 = 2 for rows where  m_{SRS,0} is an integer multiple of 16 PRBs.
NR bandwidth table proposal
In total, we arrive at the following table where the grey rows represent the LTE bandwidths in Table 1, the yellow rows represent the NR supported bandwidths in Table 3, and the blue and green rows represent the 8 PRB granularity and intra-slot hopping requirements discussed in the previous section.

	LTE  BW

	Multiple of 8

	Multiple of 16

	NR BW



	
	B_SRS = 0
	B_SRS = 1
	B_SRS = 2
	B_SRS = 3
	

	C_SRS
	m_{SRS,0}
	N_0
	m_{SRS,1}
	N_1
	m_{SRS,2}
	N_2
	m_{SRS,3}
	N_3
	

	0
	4
	1
	4
	1
	4
	1
	4
	1
	

	1
	8
	1
	4
	2
	4
	1
	4
	1
	Multiple of 8

	2
	12
	1
	4
	3
	4
	1
	4
	1
	

	3
	16
	1
	4
	4
	4
	1
	4
	1
	

	4
	16
	1
	8
	2
	4
	2
	4
	1
	Multiple of 16

	5
	20
	1
	4
	5
	4
	1
	4
	1
	

	6
	24
	1
	4
	6
	4
	1
	4
	1
	

	7
	24
	1
	12
	2
	4
	3
	4
	1
	Multiple of 8

	8
	28
	1
	4
	7
	4
	1
	4
	1
	

	9
	32
	1
	16
	2
	8
	2
	4
	2
	Multiple of 16

	10
	36
	1
	12
	3
	4
	3
	4
	1
	

	11
	40
	1
	20
	2
	4
	5
	4
	1
	Multiple of 8

	12
	48
	1
	16
	3
	8
	2
	4
	2
	

	13
	48
	1
	24
	2
	12
	2
	4
	3
	Multiple of 16

	14
	52
	1
	4
	13
	4
	1
	4
	1
	

	15
	56
	1
	28
	2
	4
	7
	4
	1
	Multiple of 8

	16
	60
	1
	20
	3
	4
	5
	4
	1
	

	17
	64
	1
	32
	2
	16
	2
	4
	4
	Multiple of 16

	18
	72
	1
	24
	3
	4
	6
	4
	1
	

	19
	72
	1
	36
	2
	12
	3
	4
	1
	Multiple of 8

	20
	76
	1
	4
	19
	4
	1
	4
	1
	

	21
	80
	1
	40
	2
	20
	2
	4
	5
	Multiple of 16

	22
	88
	1
	44
	2
	11
	4
	4
	1
	Multiple of 8

	23
	96
	1
	32
	3
	16
	2
	4
	4
	

	24
	96
	1
	48
	2
	24
	2
	4
	6
	Multiple of 16

	25
	104
	1
	52
	2
	4
	13
	4
	1
	

	26
	112
	1
	56
	2
	28
	2
	4
	7
	

	27
	120
	1
	60
	2
	20
	3
	4
	5
	

	28
	128
	1
	64
	2
	32
	2
	16
	2
	

	29
	132
	1
	12
	11
	4
	3
	4
	1
	

	30
	136
	1
	68
	2
	4
	17
	4
	1
	

	31
	144
	1
	72
	2
	36
	2
	4
	9
	

	32
	152
	1
	76
	2
	4
	19
	4
	1
	

	33
	160
	1
	80
	2
	40
	2
	20
	2
	

	34
	168
	1
	84
	2
	28
	3
	4
	7
	

	35
	176
	1
	88
	2
	44
	2
	4
	11
	

	36
	184
	1
	92
	2
	4
	23
	4
	1
	

	37
	192
	1
	96
	2
	48
	2
	24
	2
	

	38
	200
	1
	100
	2
	20
	5
	4
	5
	

	39
	208
	1
	104
	2
	52
	2
	4
	13
	

	40
	216
	1
	108
	2
	36
	3
	4
	9
	Multiple of 8

	41
	224
	1
	112
	2
	56
	2
	4
	14
	

	42
	232
	1
	116
	2
	4
	29
	4
	1
	

	43
	240
	1
	120
	2
	60
	2
	20
	3
	

	44
	248
	1
	124
	2
	4
	31
	4
	1
	

	45
	256
	1
	128
	2
	64
	2
	32
	2
	

	46
	264
	1
	132
	2
	12
	11
	4
	3
	Multiple of 8

	47
	268
	1
	4
	67
	4
	1
	4
	1
	

	48
	272
	1
	136
	2
	68
	2
	4
	17
	



Table 4: Proposed NR SRS bandwidths.
[bookmark: _Toc490126358]Conclusions
In this contribution, we designed a single SRS bandwidth configuration table for NR based on the following proposed design rules. This table can be used as a starting point for further discussion.

Proposal 1	NR supports a single SRS bandwidth configuration table defined in a similar way as in 36.211 where multiple values of C_SRS define the rows and 4 values of B_SRS (0, 1, 2, 3) define the 4 columns.
Proposal 2	For SRS BW <= 96 PRBs, the configuration table includes the 17 unique rows from the 4 LTE tables defined in 36.211, i.e., Tables 5.5.3.2-1, 5.5.3.2-2, 5.5.3.2-3, and 5.5.3.2-4.
Proposal 3	To the extent possible, the configuration table includes rows for which m_{SRS,0} has a granularity of 8 PRBs for all SRS BW in the range 4 – 272 PRBs.
Proposal 4	To support intra-slot hopping whereby the full hopping bandwidth is sounded in either 2 or 4 OFDM symbols in one slot, support the following two design rules for the configuration table: (1) N_1 = 2 for rows where m_{SRS,0} is an integer multiple of 8 PRBs, and (2) N_1 = N_2 = 2 for rows where  m_{SRS,0} is an integer multiple of 16 PRBs.
Proposal 5	To support as close as possible to full-band sounding for each supported CC/[BWP] bandwidth with N PRBs, the configuration tables contains at least one entry with SRS bandwidth m_{SRS,0} = floor(N/4)*4 PRB
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