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1 Introduction
In RAN WG1 meetings NR Ad-Hoc#2, #3 [1, 3], #90 [2], and #90bis [4], the following agreements were made with respect to the SRS support for NR:
	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


Agreements: For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported

Agreement:
NR supports C_SRS and B_SRS to be UE-specifically configurable
For information for future discussions:
· For SRS bandwidth tables, at least the following design rules are used as a starting point:
· Single SRS bandwidth table (C_SRS is a row index into the SRS bandwidth table)
· 4 values of B_SRS (same as LTE)
· For BWP less than or equal to 96 PRBs, the table includes at least the LTE SRS bandwidths (next slide)
· For additional entries, at least the following rules are used:
· For every supported CC/[BWP] bandwidth with N PRBs, table contains at least one entry with SRS bandwidth m_SRS,0 = floor(N/4)*4 PRB
· Support additional entries with m_{SRS,0} = floor(N/4)*4 PRB for sounding flexibility
· To support intra-slot hopping within a BWP over 2 and 4 OFDM symbols:
· Table contains at least one entry with SRS bandwidth m_{SRS,0} = floor(N/16)*16 PRBs with N_1 = 2 and N_2 = 2
· Note: intra-slot hopping is subject to RAN4 feedback






[bookmark: OLE_LINK13][bookmark: OLE_LINK14]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
1. FFS on additional periodicities for other numerologies
1. FFS: supported slot offset for each supported numerology
Agreement:
NR supports intra-slot and inter-slot frequency hopping within a BWP.
· FFS: if the same hopping formula as in LTE can be used
· FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)
· FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)
· FFS: Whether independent ON/OFF configurations for intra-slot and inter-slot frequency hopping for one SRS resource


Agreement:
                   For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE.
Agreement:
For an N = 2 or 4 symbol aperiodic SRS resource, NR supports intra-slot hopping within a BWP
· Note: all N OFDM symbols are adjacent and within the same slot by definition of an SRS resource
· When frequency hopping only is configured
· In each of the N OFDM symbols of the SRS resource, an equal-size subband of the hopping bandwidth is sounded, and the full hopping bandwidth is sounded across the N OFDM symbols
· For N = 4, when frequency hopping + repetition is configured
· In each pair of OFDM symbols of the SRS resource, an equal-size subband of the hopping bandwidth is sounded, and the full hopping bandwidth is sounded across the two pairs of OFDM symbols
The NR hopping formula design uses the LTE hopping formula as a starting point

Agreement:
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



In this document we discuss some more details of NR SRS regarding frequency and group hopping. We also discuss some consecutive symbol UL transmission constraint due to RAN4 LS.
2. NR SRS 
2.1 Sounding bandwidth sets
In the meeting #90 [2], we agreed that NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogous to LTE). In #90bis [4], we agreed on one common table specifying the SRS bandwidth sets for NR. However, in the case of NR, since both the configuration parameters CSRS and BSRS  are UE specific, the nested tree-like structure cannot be guaranteed solely by the table of supported SRS sounding BW, but needs to be enforced using restrictions or rules for network/gNB implementation. 
Observation 1: In NR gNB/network implementation need to enforce nested tree-like structure among the SRS sounding allocations of the configured UE’s within a cell.
Another, aspect of BWP that complicates the NR-SRS design is “overlap” of BWP among different UE’s. If no further constraints are specified the BWP of two different UE within a cell can overlap by any amount. In this case if the UE’s with partially overlapping BW sound on the overlapping BW at the same time, with same comb offset, it will result in non-trivial interference. Hence, we propose that the BWP of different UE’s within a cell, that are configured in the same sounding resource, either do not overlap or overlap completely, i.e., larger BWP subsumes smaller BWP. 
Proposal 1: In NR the BWP of UE’s, within a cell, configured on a same SRS resource, have either no overlap or complete overlap.
Further, the active BWP of an UE can be switched using DCI signalling. A UE needs to be configured with one or more SRS resource configurations for each configured BWP.
Proposal 2: A UE, is configured with one or more SRS resources per configured BWP. FFS signalling details of switching of SRS configurations with change in BWP.

2.2 Frequency hopping of SRS in NR




The sounding reference signal sequence , is mapped in sequence starting with  to resource elements  on antenna port  according to






where  is the number of antenna ports used for sounding reference signal transmission. The quantity  is the frequency-domain starting position of the sounding reference signal and for  and   is the length of the sounding reference signal sequence defined as



where is number of PRBs from the SRS BW table selected based on the UE specific configuration parameters. 


The frequency-domain starting position  is defined by










Where,  is some sort of frequency offset to center the transmission of SRS around the desired frequency band, e.g., center of UL system BW.  The frequency hopping of the sounding reference signal is configured by the parameter , provided by higher-layer parameter srs-HoppingBandwidth. If frequency hopping of the sounding reference signal is not enabled (i.e., ),  the frequency position index  remains constant (unless re-configured) and is defined by  where the parameter  is given by higher-layer parameters freqDomainPosition and freqDomainPosition-ap for periodic and each configuration of aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e., ),  the frequency position indexes  are defined by



where  is given by SRS sounding BW Table. 







where  regardless of the  value and  counts the total number of the number of UE-specific SRS transmissions. There are 3 options to count  as follows,
1. 
Inter-slot hopping:   is the number of UE-specific SRS transmission slots. 
2. 
Intra-slot hopping:   is the number of UE-specific SRS transmission symbols within a slot. 
3. 
Inter-slot+Intra-slot hopping :  is the number of UE-specific SRS transmission symbols accumulative across multiple slots.


Proposal 3: NR SRS frequency hopping use same formula as LTE SRS frequency hopping. The parameter used in determining the frequency hopping pattern is computed using three different methods resulting in 3 types of hopping alternatives as suggested above.
Proposal 4: For periodic and semi-persistent SRS we support all the above 3 types of frequency hopping alternatives. For aperiodic we only support intra-slot frequency hopping option. 

2.3 Group hopping





The sequence-group number  in slot  is defined by a group hopping pattern  and a sequence-shift pattern  according to


 

The group-hopping pattern  for SRS is given by



where the pseudo-random sequence  is generated based on Gold code initialized with seed values dependent on the SRS ID. 

When the group hopping is enabled in LTE the sequence id within the group is fixed to v = 0. In NR we can change the sequence id v = 0 or 1, to increase the randomization and gain in interference management, as follows,




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. 

2.4 RAN4 LS on SRS hopping 
In response to the RAN1 LS related to SRS hopping [5], RAN4 provided the update [6, 7]. As per RAN4 guidance, SRS can be sent on consecutive symbols on the same antenna port. For sounding different antenna ports, the antenna switching time is 15 µsec. Further, for frequencies above 24GHz, if the Tx power is different between consecutive transmissions of UL symbols, UE transient period for NR is 5 µsec. Sometimes a beam change can result in a power change. A 5 µsec transient time is significant overhead, as compared to the symbol duration, especially for the sub-carrier spacing of 120 KHz. Hence, we propose following,

Proposal 6: NR does not support antenna switching within the same SRS resource.
Proposal 7: At least for sub-carrier spacing of 120 KHz, the smallest time unit for applying a power/beam change to any UL transmission (including SRS), is at least 2 symbols.

4. Conclusion
To summarize, in this contribution we reviewed the SRS BW tables for LTE and provided extension of the LTE tables for wideband NR SRS operation. We made the following observation and proposals:
Observation 1: In NR gNB/network implementation need to enforce nested tree-like structure among the SRS sounding allocations of the configured UE’s within a cell.
Proposal 1: In NR the BWP of UE’s, within a cell, configured on a same SRS resource, have either no overlap or complete overlap.
Proposal 2: A UE, is configured with one or more SRS resources per configured BWP. FFS signalling details of switching of SRS configurations with change in BWP.

Proposal 3: NR SRS frequency hopping use same formula as LTE SRS frequency hopping. The parameter used in determining the frequency hopping pattern is computed using three different methods resulting in 3 types of hopping alternatives as suggested above.
Proposal 4: For periodic and semi-persistent SRS we support all the above 3 types of frequency hopping alternatives. For aperiodic we only support intra-slot frequency hopping option. 
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. 
Proposal 6: NR does not support antenna switching within the same SRS resource.
[bookmark: _GoBack]Proposal 7: At least for sub-carrier spacing of 120 KHz, the smallest time unit for applying a power/beam change to any UL transmission (including SRS), is at least 2 symbols.
References
1. Chairman’s notes for 3GPP TSG RAN WG1 Meeting NR Ad-Hoc#2, Qingdao, P.R. China, 27th-30th June 2017.
1. Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90, Prague, P.R. Czech 21th – 25th August 2017.
1. Chairman’s notes for 3GPP TSG RAN WG1 NR Ad-Hoc#3, Nagoya, Japan, 18th – 21st, September 2017.
1. Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90bis, Prague, CZ, 9th – 13th, October 2017.
1. R4-1707014 (R1-1709836) “LS related to SRS hopping”, RAN1, Ericsson.

1. R4-1706940, "LS Reply on transient period for NR", RAN4, QUALCOMM CDMA Technologies

1. R1-1719324 “LS to RAN1 on NR UE transient time for FR1 and FR2”, RAN4, Ericsson.




3/4
image1.wmf
(

)

n

r

p

)

(

SRS


oleObject1.bin

image2.wmf
)

0

(

)

(

SRS

p

r


oleObject2.bin

image3.wmf
)

,

(

l

k


oleObject3.bin

image4.wmf
p


oleObject4.bin

image5.wmf
ï

î

ï

í

ì

-

=

=

+

otherwise

0

1

,

,

1

,

0

'

)

'

(

1

RS

,

sc

)

(

ap

)

(

,

'

)

(

0

TC

b

p

SRS

p

l

k

k

K

M

k

k

r

N

a

p

K


oleObject5.bin

image6.wmf
ap

N


oleObject6.bin

image7.wmf
)

(

0

p

k


oleObject7.bin

image8.wmf
SRS

B

b

=


oleObject8.bin

image9.wmf
RS

sc,

b

M


oleObject9.bin

image10.wmf
TC

RB

sc

SRS,

RS

sc,

K

N

m

M

b

b

=


oleObject10.bin

image11.wmf
b

m

SRS,


oleObject11.bin

image12.wmf
)

(

0

p

k


oleObject12.bin

image13.wmf
å

=

+

=

SRS

0

RS

sc,

TC

)

(

0

)

(

0

B

b

b

b

p

p

n

M

K

k

k


oleObject13.bin

image14.wmf
)

(

0

p

k


oleObject14.bin

image15.wmf
}

3

,

2

,

1

,

0

{

hop

Î

b


oleObject15.bin

image16.wmf
SRS

hop

B

b

³


oleObject16.bin

image17.wmf
b

n


oleObject17.bin

image18.wmf
ë

û

b

SRS,

RRC

b

mod

4

N

m

n

n

b

=


oleObject18.bin

image19.wmf
RRC

n


oleObject19.bin

image20.wmf
SRS

hop

B

b

<


oleObject20.bin

oleObject21.bin

image21.wmf
ë

û

ë

û

{

}

î

í

ì

+

£

=

otherwise

mod

4

)

(

mod

4

SRS,

RRC

SRS

hop

SRS,

RRC

b

b

b

b

b

b

N

m

n

n

F

b

b

N

m

n

n


oleObject22.bin

image22.wmf
b

N


oleObject23.bin

image23.wmf
ë

û

ë

û

ï

ï

î

ï

ï

í

ì

P

ú

ú

û

ú

ê

ê

ë

ê

P

P

+

ú

ú

û

ú

ê

ê

ë

ê

P

P

=

-

=

-

=

=

-

=

=

odd

 

 

if

/

2

/

even 

 

 

if

2

mod

mod

)

2

/

(

)

(

'

1

'

SRS

'

1

'

'

'

SRS

'

1

'

'

'

SRS

SRS

hop

hop

hop

hop

hop

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

N

N

n

N

N

N

N

n

N

N

n

N

n

F


oleObject24.bin

image24.wmf
1

hop

=

b

N


oleObject25.bin

oleObject26.bin

image25.wmf
SRS

n


oleObject27.bin

image26.wmf
SRS

n


oleObject28.bin

image27.wmf
SRS

n


oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

image28.wmf
u


oleObject33.bin

image29.wmf
s

n


oleObject34.bin

image30.wmf
)

(

s

gh

n

f


oleObject35.bin

image31.wmf
ss

f


oleObject36.bin

image32.wmf
(

)

30

mod

)

(

ss

s

gh

f

n

f

u

+

=


oleObject37.bin

oleObject38.bin

image33.wmf
ï

î

ï

í

ì

÷

ø

ö

ç

è

æ

×

+

=

å

=

enabled

 

is

 

hopping

 

group

 

if

30

mod

2

)

8

(

disabled

 

is

 

hopping

 

group

 

if

0

)

(

7

0

s

s

gh

i

i

i

n

c

n

f


oleObject39.bin

image34.wmf
)

(

i

c


oleObject40.bin

image35.wmf
(

)

î

í

ì

×

+

=

å

=

2

mod

2

)

8

(

)

(

7

0

s

s

i

i

i

n

c

n

v


oleObject41.bin

oleObject42.bin

