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1 Introduction
In this contribution, we summarize several discussion points regarding SRS design.
2 Summary of offline discussion
3 WF
4 Summary of open issues

Several open issues are captured in this document.
· Open issue 1: SRS time domain configuration(See appendix 1)
· Open issue 1.1 Time domain configuration for all supported numerology(different subcarrier spacing) 
Three companies are proposing unified slot periodicity configuration for all SCS. No company show concrete slot periodicity figure for different sub carrier spacing.

Ericsson: 
Proposal 1
Support at least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity for all SCS in NR.
Nokia: 
Proposal 3: Tab.2 is adopted to configure SRS periodicity and offset with slot level for all numerologies.
OPPO: 
Proposal 3: For SCS of N*15KHz, support SRS transmission periodicity of N*{2, 5, 10, 20, 40, 80, 160, 320} and slot offset of {0,1,…,T/N-1}*N for each transmission periodicity of T.

From Ericsson’s proposal 1
Possible offline agreement: Support at least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity for all SCS in NR.
· Open issue 1.2 offset for 2,5,10,20,40,80,160,320 slot periodicity(See appendix 2 and 3)
In LTE, there are multiple configurations with same periodicity and different offset (See appendix 2 and 3).
According to company’s views, LTE FDD like periodicity and offset design is majority.
· SRS periodicity and offset configuration similar(including modification)  to 36.213 Table 8.2-1 for trigger type 0,FDD(Majority)
Huawei: Proposal 1: NR supports slot-level configuration for SRS including:
· jointly encoded slot-level periodicity and slot offset for periodic and semi-persistent SRS as in Table 1(a) or Table 1(b).

Vivo: Proposal 1:
· At least same SRS slot offset configuration as LTE is supported in NR.

Note: according to Table 1 (LTE FDD like) in Vivo Tdoc.
Samsung:

Proposal 6: For FDD, NR supports 12 bits of table on UE specific SRS periodicity and slot offset configuration for periodic SRS transmission. In addition, SRS symbol number N∈{1,2,4} and SRS symbol repetition factor r∈{1,2,4} where r≤N should be signalled independent by RRC for SRS time configuration. 
Proposal 7: For TDD, Table 4 can be reused.

Note: according to Tabel4 (LTE FDD like) in Samsung Tdoc.
Ericsson:
Proposal 3
UE-specific SRS slot periodicity and slot offset tables are transparent to TDD and FDD.

Proposal 5
Support all possible SRS slot offsets for each SRS periodicity, i.e., for periodicity value P, support slot offsets 0 … P-1.

· SRS periodicity and offset configuration similar(including modification) to LTE 36.213 Table 8.2-2 for trigger type 0,TDD

Huawei:

Proposal 1: NR supports slot-level configuration for SRS including:

· jointly encoded slot-level periodicity and slot offset for periodic and semi-persistent SRS as in Table 1(a) or Table 1(b).

CATT: 
Proposal 4: for 15KHz SCS, support SRS periodicity and offset configuration as shown in table 1(LTE TDD like).

· Other offset scheme 

OPPO: 
Proposal 3: For SCS of N*15KHz, support SRS transmission periodicity of N*{2, 5, 10, 20, 40, 80, 160, 320} and slot offset of {0,1,…,T/N-1}*N for each transmission periodicity of T.

 Configurable look-up table: ETRI, Sony
Possible offline agreement: 
For periodic/semi persistent SRS configuration in FDD and TDD, SRS periodicity and offset configuration shall use following table for all sub carrier spacing.

	SRS Configuration Index 
	SRS Periodicity (Slot)
	SRS Slot Offset (Slot)

	0 – 1
	2
	ISRS

	2 – 6
	5
	ISRS – 2

	7 – 16
	10
	ISRS – 7

	17 – 36
	20
	ISRS – 17

	37 – 76
	40
	ISRS – 37

	77 – 156
	80
	ISRS – 77

	157 – 316
	160
	ISRS – 157

	317 – 636
	320
	ISRS – 317

	637 – FFS
	FFS
	FFS


· Open issue 1.3 additional slot periodicity figure

RAN1 has already decided to support At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are for 15KHz SCS. Several companies are proposing additional slot periodicity figure.

Huawei: 640, 1280
Ericsson: 640, 1280, 2560

Vivo: 640
CATT: larger than 320 slots for larger SCS

ETRI: 1-slot periodicity for high-mobility scenarios.
Possible offline agreement: 

Support 640, 1280 slots periodicity and offset described in following table for all SCS in NR.
	SRS Configuration Index 
	SRS Periodicity (Slot)
	SRS Slot Offset (Slot)

	637 – 1276
	640
	ISRS– 637

	1277 – 2516
	1280
	ISRS – 1277

	2517 – 4095
	reserved
	reserved


· Open issue 1.4 dropping rule in UE side (It may be no RRC parameter impact)
There is a case where SRS resource is located on DL and unknown slot. More detail dropping rule is needed. But basic dropping rule has been covered by the agreement(See appendix 6).
Ericsson: 
Proposal 1
For TDD, the transmission of periodic/semi-persistent SRS resources is dropped in the slots that are not configured for UL transmission.
Sony: 
Proposal 5: When the number of UL OFDM symbol in the slot configured for the SRS transmission is smaller than the number of configured SRS OFDM symbol, the SRS transmission is cancelled.
· Open issue 1.5 SRS symbol level configuration
In R1-1719249, following description have been captured for symbol level configuration.

Parameter name: SRS-ResourceMapping
	Include parameters to capture OFDM symbol location of the SRS resource within a slot including number of OFDM symbols (1, 2, or 4 per SRS resource). Also includes repetition factor (1,2,or 4) indicating number of OFDM symbols within an SRS resource where the subcarrier mapping is repeated across symbols.



Huawei: 
Proposal 2: NR supports symbol-level configuration for SRS with jointly encoded SRS starting symbol, SRS resource symbol number, SRS repetition factor, for example like Table 2.

LG: 
Proposal #2: NR supports SRS functionality for group hopping and sequence hopping (similar to LTE) where the function is at least in terms of SRS symbol index, repetition symbol parameter, and/or slot index, to be aligned with the agreed hopping patterns with the parameters.

Samsung: 
Proposal 6: For FDD, NR supports 12 bits of table on UE specific SRS periodicity and slot offset configuration for periodic SRS transmission. In addition, SRS symbol number N∈{1,2,4} and SRS symbol repetition factor r∈{1,2,4} where r≤N should be signalled independent by RRC for SRS time configuration. 
Proposal 11: The starting symbol location for SRS transmission in a slot should be indicated by RRC signaling. 
· Open issue 2: Frequency domain configuration
· Open issue 2.1 Frequency domain starting position(See appendix 4)
Huawei:
Proposal 3: Support to configure PRB-level frequency domain starting position of a SRS allocation as in (1) within the range
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· Open issue 2.2 Counter of SRS transmission 
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 (See Appendix 5)
Majority companies think that 
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 design need to consider about an amounts of slots for each sub carrier spacing, N∈{1,2,4} and the repetition of SRS r.
Huawei: taking into account repetition and sub carrier spcatin
Proposal 5: For periodic and semi-persistent SRS, support to counts the number of SRS transmissions (each with 
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Proposal 6: For aperiodic SRS, support to counts the number of SRS transmissions (each with 
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Samsung:

Proposal 4: nSRS counts the number of UE-specific SRS transmission and this value should be a function of subcarrier spacing configuration [image: image11.png]


, SRS symbol number N∈{1,2,4}, and SRS symbol repetition factor r∈{1,2,4} where r≤N, e.g. by
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Ericsson:

Proposal 1 The hopping pattern should be obtained by generalization of the LTE network where SRS transmission counter should depend on the symbol counter instead the slot counter.

Proposal 2 For intra-slot hopping combined with repetition, the repetition factor r and BSRS are set such that the full hopping bandwidth is sounded in N/r hops with Fb given by reusing the LTE hopping formulas with simple adaptation of the SRS transmission counter that accounts for number of symbols in a resource N and the repetition factor r.
Nokia:

Proposal 4: The hopping formula defined in LTE specification is reused for 5G NR with counter of UE specific SRS transmission number scaled by repetition factor.
Intel:
Proposal 3: NR SRS frequency hopping use same formula as LTE SRS frequency hopping. The parameter 
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used in determining the frequency hopping pattern is computed using three different methods resulting in 3 types of hopping alternatives as suggested above.

1. Inter-slot hopping:  
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 is the number of UE-specific SRS transmission slots. 
2. Intra-slot hopping:  
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 is the number of UE-specific SRS transmission symbols within a slot. 
3. Inter-slot+Intra-slot hopping : 
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 is the number of UE-specific SRS transmission symbols accumulative across multiple slots.
From Samsung’s proposal 4
Possible offline agreement:  
 nSRS counts the number of UE-specific SRS transmission and this value should be a function of subcarrier spacing configuration [image: image18.png]


, SRS symbol number N∈{1,2,4}, and SRS symbol repetition factor r∈{1,2,4} where r≤N, e.g. by
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· Open issue 2.3 Frequency hopping
Huawei:
Proposal 4: Support to determine the frequency hopping range for both CSI acquisition and beam management based on 


[image: image20.wmf]ë

û

ë

û

{

}

î

í

ì

£

<

+

=

minhop

hop

SRS,

RRC

SRS

SRS,

RRC

mod

4

)

(

otherwise

mod

4

b

b

b

N

m

n

n

F

N

m

n

n

b

b

b

b

b

b


Where 
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 is configured by gNB within the range 
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 when frequency hopping is enabled
ZTE:
Proposal 1: Support combined SRS repetition and frequency hopping in a slot, and support configuration of repetition numbers.
Proposal 2: NR should support to sound partial UL PRBs of a BWP.
Proposal 3: Support subband based SRS transmission in which SRS is sounded in K contiguous PRBs in each subband where subband size is M PRBs >= K PRBs, and K can be configured by RRC signaling. 
Intel:
Proposal 3: NR SRS frequency hopping use same formula as LTE SRS frequency hopping. The parameter 
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used in determining the frequency hopping pattern is computed using three different methods resulting in 3 types of hopping alternatives as suggested above.
CATT:

Proposal 1: NR supports independent ON/OFF configurations of intra-slot and inter-slot frequency hopping for one SRS resource.

Proposal 2: for BWP/CC switching, when frequency hopping is ON, frequency hopping cycle always starts from the beginning according to hopping rule. Regardless same or different numerologies between original BWP/CC and target BWP/CC, SRS frequency hopping within a BWP follows same hopping formula as in LTE.
Samsung:

Proposal 3: SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.
Qualcomm:

Proposal 4: When frequency hopping is configured, NR supports the same hopping formula as in LTE.
Observation: Offline discussion is needed.
· Open issue 3: Antenna switching
OPPO:

Proposal 4: The 2/4 SRS resources for antenna switching is configured as a SRS resource set.

Proposal 5: Whether intra-slot antenna switching is supported for 1T4R case is up to gNB configuration

Intel:

Proposal 6: NR does not support antenna switching within the same SRS resource.

Samsung:

Proposal 5: We propose the transmit antenna selection formula for SRS antenna switching with configuration of (R, T)=(2,1), (4,1), and (4,2) as follow: 

· For a UE that support transmit antenna selection, the index [image: image25.png]a(nsgs)



, of the UE antenna that transmits the SRS at time nSRS given for both partial and full sounding bandwidth when frequency hopping is disabled (i.e., [image: image27.png]>



) as
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· and when frequency hopping is enabled (i.e., [image: image30.png]


)
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 value).
Qualcomm:

Proposal 6: On the framework for NR SRS antenna switching within an active BWP of a component carrier:

· UE reports (as a UE capability) the sets of antenna ports which can be sounded on the same symbol

· For an UL MIMO capable UE, the set of antenna ports which can be sounded on the same symbol may be different depending on whether the UE is configured with UL MIMO.

· E.g., a 2T4R UE may report either two sets of 2 antennas, or 3 sets of 2, 1, and 1 antenna each, or both depending on whether it is configured with UL MIMO or not

· For a UE capable of antenna switching but not UL MIMO, support semi-static signaling informing the network for the power difference across different SRS antenna ports for all power levels.

· 1T4R intra-slot antenna switching is not supported; instead the UE may use 2 or 3 or 4 slots to perform such sounding procedure. 

Nokia:

Proposal 5: Flexible hopping pattern needs to be designed to support UEs with different time requirement for between band/CC switching.

Proposal 6: Inter-slot/intra-slot antenna switching is supported in case of 1T4R with constriction of time requirement for antenna switching. 

Proposal 7: Aperiodic triggering is supported for two SRS resources for antenna switching with configuration of 1T2R or 2T4R and for four SRS resources for antenna switching with configuration of 1T4R.

Observation: no majority opinion.
· Open issue 4: SRS Triggering(See appendix 7,8)
Some company think that SRS triggering in both DL and UL grant is needed.

Huawei:

Proposal 8: Support SRS triggering in both DL and UL grant in NR.

OPPO:

Proposal 8: An aperiodic SRS triggering field can trigger SRS transmission on a SRS resource set out of multiple sets configured by RRC signaling.
CATT:

Proposal 3: NR supports triggering of a group of SRS resources using single message.
Samsung:

Proposal 9: Aperiodic SRS is transmitted based on DCI triggering only without RRC time resource configuration.  
Qualcomm:

Proposal 5: NR supports aperiodic SRS triggering in both DL and UL grant. Different timing between the triggering and the transmission would likely be needed for a DL and a UL grant. Further discussions are needed in RAN1#91.

Nokia:

Proposal 1: Semi-persistent SRS is activated/deactivated by MAC CE.Proposal 2: 2 or 3 bits of dynamic signalling is used to trigger aperiodic SRS transmission.
Proposal 7: Aperiodic triggering is supported for two SRS resources for antenna switching with configuration of 1T2R or 2T4R and for four SRS resources for antenna switching with configuration of 1T4R.
Observation: offline discussion is needed.
· Open issue 5: SRS and PUCCH in a slot
Mitsubishi:

Proposal 6: At least transmission of PUCCH earlier than SRS is supported if SRS is scheduled to be transmitted in the last symbol of the subframe

Proposal 7: Support RRC parameter PUCCHSRS-SimultaneousTransmission to signal simultaneous transmission of SRS and short PUCCH allowing them to TDM to avoid collision during periodic/semi-persistent transmission

Proposal 8: If PUCCHSRS-SimultaneousTransmission is on, in case of collision, SRS and short PUCCH can be shifted in time 

Proposal 9: In case of collision, short PUCCH can be shifted in time

Proposal 10: In case of collision, short PUCCH can be shifted back to avoid SRS symbols

ZTE:

Proposal 5: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH/PUCCH from different UE. Whether to use the reserved resource for PUSCH/PUCCH should be indicated by gNB.
Vivo:

Proposal 5:

· From a UE perspective, TDMed between SRS and long PUCCH is supported.

Observation: no majority opinion.
· Open issue 6: SRS sequence
· Open issue 6.1 Group hopping and Sequence hopping(See appendix 5)
Down selection from alt1/alt2 is being required (See appendix 5).

Mitsubishi:

Proposal 1: In NR, group hopping and sequence hopping is generated by using [image: image47.png]RS
n;,




Proposal 2: Support group and sequence hopping using sequence ID for inter-cell interference reduction

Proposal 3: Use [image: image49.png]= l"i‘?J - 2% + nfmod30
Cinit = |3



 to initialize the random number generator for sequence hopping

ZTE:

Proposal 4: Reusing the LTE design for SRS group and sequence hopping is preferred.
Vivo:

Proposal 4:For SRS group hopping and sequence hopping, same mechanism as LTE is supported.

LG:

Proposal #1: It is preferable to reuse sequence hopping mechanism of LTE (i.e. mechanism for grouping hopping ON and sequence hopping OFF, mechanism for group hopping OFF and sequence hopping ON).

Proposal #2: NR supports SRS functionality for group hopping and sequence hopping (similar to LTE) where the function is at least in terms of SRS symbol index, repetition symbol parameter, and/or slot index, to be aligned with the agreed hopping patterns with the parameters.

Intel:

Proposal 5: For NR we support Alt-2 with 30 sequence group with 1 or 2 root-sequences per group. If group hopping is enabled, v can be 0 or 1. The value of v for group hopping is determined as discussed above. 

Samsung:

Proposal 2: If group hopping is enabled, the base sequence number within the group is fixed into zero.

Qualcomm:

Proposal 2: For group hopping and sequence hopping Rel-15 supports Alt-1.
Ericsson:

Proposal 6 Support Alt2 for group and sequence hopping of SRS sequence generation. That is, if group hopping is enabled during sequence generation of SRS, support that the base sequence number v is set to either 0 or 1. 

Proposal 7
When group hopping is enabled, assuming that NR supports setting the base sequence number v to either 0 or 1, v is pseudo-randomly chosen between 0 and 1. The sequence initializer cinit for the pseudo random-sequence used to generate both u and v is a function of a UE specifically configurable ID. 

Proposal 8
When sequence hopping is enabled, the sequence initializer cinit for the pseudo random-sequence used to generate v is a function of a UE specifically configurable ID.

Proposal 9
For multi-symbol SRS resources, support hopping of the base sequence per SRS symbol, e.g. by incrementing for each SRS symbol (instead for each subframe in LTE) the input to the pseudo-random sequence used in the formulas of group hopping and sequence hopping.
Observation: more offline discussion is needed.
Open issue 6.2 other sequence proposals
Mitsubishi:

Proposal 4: [image: image51.png]RS
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 is configured by SRS-SequenceId at higher layer

Proposal 5: Range of SRS-SequenceId is [0, 509]

Samsung:

Proposal 1: An additional SRS sequence generation scheme is not supported at least in Rel-15. 

NTT DOCOMO

Proposal 2: NR supports more SRS root sequences following the LTE SRS root sequence generation methodology with modified parameters.

· NR support 60 SRS root sequences when SRS sequence length >= 72.

· NR support 120 SRS root sequences when SRS sequence length >= 132.

Proposal 3: Support truncated ZC design as an additional scheme to generate NR-SRS sequence. 

Observation: no majority opinion.
· Open issue 7: comb cyclic shift(See appendix 9)
· FFS: configuration of fewer than the maximum number defined cyclic shifts(See appendix9)
OPPO:

Proposal 1: The maximal number of CSs supported by comb 2 and 4 is a single value (N=12).
Proposal 9: SRS resource with 1/2 ports and comb 2/4 can be used for UL beam management.
NTT DOCOMO
Proposal 1: Support the configuration of [4], [8], 12 CS for comb 4, and [4], 8 CS for comb 2, respectively.

Observation: no majority opinion.
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Appendix
Appendix 1

Agreement
· LTE SRS configuration tables are starting point for NR SRS configuration table design.

· At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS

· FFS on additional periodicities for other numerologies

FFS: supported slot offset for each supported numerology

Appendix 2 36.213  Table 8.2-1
Table 8.2-1: UE Specific SRS Periodicity [image: image52.wmf]SRS
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 and Subframe Offset Configuration [image: image53.wmf]offset
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 for trigger type 0, FDD

	SRS Configuration Index ISRS
	SRS Periodicity [image: image54.wmf]SRS
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 (ms)
	SRS Subframe Offset [image: image55.wmf]offset
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	0 – 1
	2
	ISRS

	2 – 6
	5
	ISRS – 2

	7 – 16
	10
	ISRS – 7

	17 – 36
	20
	ISRS – 17

	37 – 76
	40
	ISRS – 37

	77 – 156
	80
	ISRS – 77

	157 – 316
	160
	ISRS – 157

	317 – 636
	320
	ISRS – 317

	637 – 1023
	reserved
	reserved


Appendix 3 36.213 Table 8.2-2
Table 8.2-2: UE Specific SRS Periodicity [image: image56.wmf]SRS
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 and Subframe Offset Configuration [image: image57.wmf]offset
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 for trigger type 0, TDD

	SRS Configuration Index

 ISRS
	SRS Periodicity
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 (ms)
	SRS Subframe Offset
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	0
	2
	0, 1

	1
	2
	0, 2

	2
	2
	1, 2

	3
	2
	0, 3

	4
	2
	1, 3

	5
	2
	0, 4

	6
	2
	1, 4

	7
	2
	2, 3

	8
	2
	2, 4

	9
	2
	3, 4

	10 – 14
	5
	ISRS – 10

	15 – 24
	10
	ISRS – 15

	25 – 44
	20
	ISRS – 25

	45 – 84
	40
	ISRS – 45

	85 – 164
	80
	ISRS – 85

	165 – 324
	160
	ISRS – 165

	325 – 644
	320
	ISRS – 325

	645 – 1023
	reserved
	reserved


Appendix 4
Agreement: #90bis

The frequency domain starting position of a SRS allocation (analogous to K0_P in LTE) is UE specifically configurable such that it is aligned on a common grid with 4 PRB granularity defined on a wideband CC from network perspective

· Note: This can enable alignment of SRS resources of different UEs with partially overlapped BWPs multiplexed on the same comb

Appendix 4
36.211 Section 5.5.3.2
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Appendix 5
Agreement: #90bis
· Down-select one of the following alternatives for group hopping and sequence hopping 

· Alt-1: 30 sequence groups with 1 or 2 root-sequences per group

· If group hopping is enabled, v = 0

· If sequence hopping is enabled, group hopping is disabled  

· Alt-2: 30 sequence group with 1 or 2 root-sequences per group

· If group hopping is enabled, v can be 0 or 1

· FFS how to switch the value of v during group hopping

· If sequence hoping is enabled, group hopping is disabled

Appendix 6
Agreement: #90bis
•        For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

•        DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI

•        UE behavior will be the cancellation of the measurement or measurement related transmission

•        DL/UL direction implied by measurement can be overwritten by DL/UL from dynamic SFI

•        UE behavior will be the cancellation of the measurement or measurement related transmission
Appendix 7
Agreement: #88bis

· NR supports aperiodic SRS triggering field in DCI.

· Supports at least one state of the field that can select at least one out of the configured SRS resources. 

· FFS: details

Appendix 8
Agreement: #90bis

· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

· Group common DCI for aperiodic SRS triggering and TPC

Appendix 9
Agreement: #90bis

NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 



· FFS: configuration of fewer than the maximum number defined cyclic shifts
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