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1 Introduction
In RAN1 #90-#Adhoc2 meeting, the SRS bandwidth design was discussed.Follwing agreements were made [1][2].
Agreements: 
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)

· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner

· NR should support to sound substantially all UL PRBs in a BWP 

· FFS details of SRS bandwidth sets and RE mapping methods

· Note that the design shall consider the maximum allowed bandwidth of a BWP
Agreement: 
· NR supports C_SRS and B_SRS to be UE-specifically configurable
In this contribution, we consider the SRS bandwidth design for the CSI acquisition and beam management.
2 Discussion
2.1  Bandwidth design
In NR Adhoc3 meeting, the agreement that C_SRS (SRS bandwidth configuration) and B_SRS (SRS Bandwidth) are configured with UE-specific manner was made. In LTE, C_SRS (SRS bandwidth configuration) is configured using system information block 2. To realize the agreement, both C_SRS and B_SRS should be configured by dedicated signaling.

Proposal 1: Both C_SRS(SRS bandwidth configuration) and B_SRS(SRS Bandwidth) should be configured by dedicated signaling.

The SRS transmission supports multiple partial bands. According to following agreement, NR needs to take care of the UE which is not capable of simultaneous transmission in partial bands in a CC. Therefore, the C_SRS/B_SRS setting for each partial band should be configured in each partial band separately.
	Agreements: #89-36
· Support switching between partial bands for SRS transmissions in a CC

· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 

· Consider RF retuning requirement for partial band switching

· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item




Proposal 2: The C_SRS/B_SRS setting for each partial band should be configured in each partial band separately.

The SRS is assumed to be used for two different procedures such as the beam management and the CSI acquisition. The use case is different each other. So the requirement of the SRS bandwidth is different for the beam management and the CSI acquisition respectively. The objective of the beam management is to find suitable beam link. For the purpose, the band width for the beam management can be narrower than the CSI acquisition. Therefore, the configuration of C_SRS and B_SRS should be prepared for the beam management and the CSI acquisition separately.
Proposal 3: The configuration of C_SRS and B_SRS should be configured for the beam management and the CSI acquisition separately.
Proposal 4: The number of configuration of C_SRS and B_SRS for the CSI acquisition should be the same as the number of partial band. 
In beam management procedure, the main motivation for the procedure is to find suitable beams for subsequent procedure CSI acquisition. To perform beam management procedure for each partial band may be redundant. We think there is a case where one beam management procedure in a partial band is performed for other multiple partial bands in a CC, in order to reduce UE frequency retuning effort.

The UE frequency retuning effort may be different in each UE respectively. The UE should inform the network a request to inform the UE doesn’t hope the partial band SRS switching for the beam management. In that case, UE needs to send a request to stop partial band SRS switching for the beam management and request to inform the network a primary partial band where the UE can transmit SRS for multiple partial bands in a CC. 

Proposal 5:RAN1 should support UE request to stop/start partial band SRS switching for the beam management.
In case of UE request to stop partial band SRS switching approved, the number of configuration of C_SRS and B_SRS for the beam management should be 1.
Proposal 6: The number of configuration of C_SRS and B_SRS  for the beam management can be from 1 to  N(the number of partial band). 
Regarding the look-up table for C_SRS and B_SRS, in RAN1 NR adohoc3 meeting, Huawei provided a WF [3].The look up table includes LTE SRS bandwidth for partial band less than or equal to 96 PRBs. We would like to support the look up table for partial band less than or equal to 96PRBs. regarding the bandwidth above 96 PRBs, we should consider natural enhancement based on up to 96PRBs design to reduce spec impact. The yellow part in the table 1 is m_srs, 0 for up to 96PRBs. Based on yellow part, table 1 provides candidates m_srs, 0 for above 96(blue part) based on two times/three times/four times m_srs, 0 for up to 96 PRBs (yellow part).The gray part shows that the number in gray part is appeared in other column (yellow part or blue part).N.A means that the number is more than 272.
Table 1 Natural enhancement using two/three/four times m_srs, 0 for up to 96 PRBs
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0 4 8 12 16

1 8 16 24 32

2 12 24 36 48

3 16 32 48 64

4 20 40 60 80

5 24 48 72 96

6 32 64 96 128

7 36 72 108 144

8 40 80 120 160

9 48 96 144 192

10 48 96 144 192

11 60 120 180 240

12 64 128 192 256

13 72 144 216 N.A

14 76 152 228 N.A

15 80 160 240 N.A

16 96 192 N.A N.A

17 96 192 N.A N.A


Proposal 7: The number of m_srs,0 for above 96 PRBs should be at least following number.

· 108,120,128,144,152,160,180,192,216,228,240,256
· FFS: other number (e.g. floor (NRB/4)*4)
Using above m_srs,0 [108,120,128,144,152,160,180,192,216,228,240,256] for above 96 PRBs, m_srs,1,m_srs,2,m_srs,3 can be derived based on LTE SRS bandwidths as described in Table 2.

For example, the SRS configuration 22(m_SRS, 0=144) is based on the SRS configuration 10(m_SRS,0=48)using 3 times as described in Table 1. Similarly, the m_SRS, 1=72 in SRS configuration 22 is three times SRS, 1=24 in SRS configuration 10.

Proposal 8: NR should support following table2 as the look-up table for SRS bandwidth configuration.(The yellow part is Huawei’s proposal. The blue part is Sony’s proposal).
Table 2 NR look-up table for SRS bandwidth configuration
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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 4 4 4 1

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 6

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 76 1 36 2 12 3 4 3

15 80 1 40 2 20 2 4 5

16 96 1 32 3 16 2 4 4

17 96 1 48 2 24 2 4 6

18 108 1 36 3 12 3 12 1

19 120 1 40 3 8 5 8 1

20 128 1 64 2 32 2 8 4

21 144 1 48 3 24 2 12 2

22 144 1 72 2 36 2 12 6

23 152 1 72 2 24 3 8 3

24 160 1 80 2 40 2 8 5

25 180 1 60 3 12 5 12 1

26 192 1 64 3 32 2 8 4

27 192 1 96 2 48 2 8 6

28 216 1 72 3 36 2 12 3

29 228 1 108 2 36 3 12 3

30 240 1 120 2 60 2 12 5

31 256 1 128 2 64 2 16 4
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2.2 Antenna port relevant issue
Table3 shows a comparison of SRS agreement and CSI-RS agreement in terms of antenna port. As for maximum number of the antenna port, up to 32 antenna port of CSI-RS/up to 8 antenna port of SRS was agreed. The resource of CSI-RS antenna port/SRS antenna port spanning OFDM symbol is 1,2,4.In the RAN1 #Adhoc2 meeting, RAN1 decided that 1-port and 2-port CSI-RS for one OFDM symbol can be used for the beam management. We cannot find any reason to deny making similar agreement in SRS design. By reducing the number of antenna port for the beam management, the resource coordination among different UE for SRS resource of the beam management would become easy. In the downlink CSI-RS, 2-port CSI-RS for the beam management was added taking into consideration the polarization antenna deployment. On the other hand, in the UE side, the UE doesn’t need to transmit 2-port SRS because the network side can receive SRS signal using two different polarized antenna elements. Therefore, SRS resource with 1-port for one OFDM symbol can be used for the beam management.

Table 3 Comparison of SRS and CSI-RS agreement regarding antenna port design
	
	Max number of antenna port
	Resource spanning N adjacent OFDM symbol within a slot
	Antenna port number for beam management purpose

	CSI-RS
	32  (1,2,4,8,16,32,  FFS 64), (#87 meeting)
	1,2,4  OFDM symbol

(#89 meeting)
	1,2 antenna port for one OFDM symbol(#Adhoc2 meeting)

	SRS
	4(1,2,4, FFS 8) 

(#Adhoc1 meeting)
	1,2,4 OFDM symbol
(#89 meeting)
	None


Proposal 9:SRS resource with 1-port for one OFDM symbol can be used for the beam management.
2.3  Intra/Inter slot frequency hopping
In RAN1 #89, RAN1 sent LS (R1-1709836) to RAN4 regarding frequency hopping. In RAN4 #Adohoc2, RAN4 reply (R4-1707990) was approved in RAN4. 
	R4-1707990

SRS hopping cross different OFDM symbols within a slot can be related to several cases, each case has different implementation so corresponding to different constraints:

1. UE only supports partial bands in a CC with one RF chain, so it needs retuning between partial bands to support SRS hopping, 50~200us is needed according to bandwidth adaptation LS no matter how large the maximum frequency span of the SRS hopping bandwidth is.

2. UE supports partial bands in a CC with multiple RF chain, so it does not need retuning between partial bands to support SRS hopping. However, transient period for PA ramping up may be needed. For frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec.
3. UE can support the whole band in a CC with one RF chain, so it does not need retuning between partial bands to support SRS hopping. However, transient period due to power change between symbols may be needed. The transient period in case of below 6GHz is10 to 20 us (10+10 us), in the case of above 24 GHz is 5 to 10 us (5+5 us).



According to the RAN4 document, I think there is no fatal problem regarding the intra/inter slot frequency hopping in a partial band because RAN4 reply 1,2,3 mention about retuning, PA ramping up and power change between symbols. I think that the intra/inter slot frequency hopping within a partial band doesn’t require retuning, PA ramping up basically. The point here is power change between symbols. In order avoid the problem; at least, power change should be avoided within a slot. 
Proposal 10:If intra slot frequency hopping is supported, the power change for the SRS should be prohibited in a slot.
So, RAN1 can precede next step to consider necessity of intra/inter FH and its preferable pattern.In case of N=1(as you can see below agreement), obviously, the intra FH is impossible.  Even in case of N=4, frequency hopping pattern is very limited and the effect of FH is also limited. Therefore, the inter slot FH would be required to assist intra slot FH. Considering the case where only inter slot FH is supported without intra slot FH, the recovery time from instantaneous SRS collision  takes a long time which depends on a period between the slot. This situation is not suitable especially for the beam refreshment for URLLC use case. Therefore, the intra FH would be required.
Proposal 11:NR should support both intra slot FH and inter slot FH.
From the #89 meeting
	Agreements: 
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where

· N = 1, 2, 4 at least




 As for partial band SRS switch, the UE frequency retuning, PA ramping  effort may be different in each UE respectively. The UE should inform the network a request to inform the UE doesn’t hope the partial band SRS switching for the beam management. In that case, UE needs to send a request to stop partial band SRS switching for the beam management and request to inform the network a primary partial band where the UE can transmit SRS for multiple partial bands in a CC. 
Proposal 12:RAN1 should support UE request to stop/start partial band SRS switching for the beam management.
3. 
Conclusions
In this contribution, the following proposals are made:
Proposal 1: Both C_SRS(SRS bandwidth configuration) and B_SRS(SRS Bandwidth) should be configured by dedicated signaling.

Proposal 2: The configuration of C_SRS and B_SRS should be configured for each partial band separately. 
Proposal 3: The configuration of C_SRS and B_SRS should be configured for the beam management and the CSI acquisition separately.
Proposal 4: The number of configuration of C_SRS and B_SRS for the CSI acquisition should be the same as the number of partial band. 
Proposal 5:RAN1 should support UE request to stop/start partial band SRS switching for the beam management.
Proposal 6: The number of configuration of C_SRS and B_SRS  for the beam management can be from 1 to  N(the number of partial band). 
Proposal 7: The number of m_srs,0 for above 96 PRBs should be at least following number.

· 108,120,128,144,152,160,180,192,216,228,240,256

· FFS: other number (e.g. floor (NRB/4)*4)
Proposal 8: NR should support following table2 as the look-up table for SRS bandwidth configuration.(The yellow part is Huawei’s proposal. The blue part is Sony’s proposal).
Proposal 9:SRS resource with 1-port for one OFDM symbol can be used for the beam management.

Proposal 10:If intra slot frequency hopping is supported, the power change for the SRS should be prohibited in a slot.
Proposal 11:NR should support both intra slot FH and inter slot FH.
Proposal 12:RAN1 should support UE request to stop/start partial band SRS switching for the beam management.
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		SRS Bandwidth
Configuration		m_srs,0 for up to 96 PRBs		2*m_srs,0 for up to 96 PRBs		3*m_srs,0 for up to 96 PRBs		4*m_srs,0 for up to 96 PRBs

		0		4		8		12		16

		1		8		16		24		32

		2		12		24		36		48

		3		16		32		48		64

		4		20		40		60		80

		5		24		48		72		96

		6		32		64		96		128

		7		36		72		108		144

		8		40		80		120		160

		9		48		96		144		192

		10		48		96		144		192

		11		60		120		180		240

		12		64		128		192		256

		13		72		144		216		N.A

		14		76		152		228		N.A

		15		80		160		240		N.A

		16		96		192		N.A		N.A

		17		96		192		N.A		N.A
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		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		6

		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		76		1		36		2		12		3		4		3

		15		80		1		40		2		20		2		4		5

		16		96		1		32		3		16		2		4		4

		17		96		1		48		2		24		2		4		6

		18		108		1		36		3		12		3		12		1

		19		120		1		40		3		8		5		8		1

		20		128		1		64		2		32		2		8		4

		21		144		1		48		3		24		2		12		2

		22		144		1		72		2		36		2		12		6

		23		152		1		72		2		24		3		8		3

		24		160		1		80		2		40		2		8		5

		25		180		1		60		3		12		5		12		1

		26		192		1		64		3		32		2		8		4

		27		192		1		96		2		48		2		8		6

		28		216		1		72		3		36		2		12		3

		29		228		1		108		2		36		3		12		3

		30		240		1		120		2		60		2		12		5

		31		256		1		128		2		64		2		16		4
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