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1 Introduction
In RAN1#Ad-Hoc #3 meeting, following agreements for SRS design are made [1]. 

Agreements#1:
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#2:

SRS ports more than 4 per SRS resource is not supported in Rel-15

Agreements#3:

· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 

· Design principle in LTE for SRS transmission can be a starting for the details in NR

· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and  another antenna have no switching

· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations

· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group

· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource

· This feature is used at least to acquire downlink channel information

Agreements#4:
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed
Agreements#5:
· 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
In this contribution, we give our views on aspects of SRS frequency hopping, SRS bandwidth design, and SRS antenna switching. 

2 Discussion  

2.1 Collisions between SRS and short PUCCH

For the prioritization method, the prioritization rule should be predefined between gNB and UE, or configured to UE by gNB. One possible way is to define the prioritization based on carried massage of PUCCH, e.g. PUCCH carrying NACK or SR > aperiodic SRS > PUCCH carrying ACK > periodic SRS

Another method is based on the time domain configuration of PUCCH and SRS. Since aperiodic signal is usually scheduled for urgent requirement, it should have higher priority than periodic signal. Then, the following priority rules are proposed:
· Aperiodic SRS > periodic PUCCH

· SR/beam recovery request > SRS
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority. 
Usually, gNB should avoid scheduling overlapping resources for two aperiodic signals, i.e. the collision between two aperiodic signals should be avoided by gNB implementation. However, after scheduling an aperiodic signal in a resource, gNB can reallocate this resource for more important signal since the timing between DCI trigger and signal transmission can be dynamically configured in NR. This case is useful for high traffic load. Therefore, the signal with later DCI trigger should be the final determination of gNB once the collision happens.
[image: image1.png]Aperiodic SRS

slotn

slot n+i

ACK/NACK

slot n+i+m

[ higher priority




Fig.1 Prioritization among aperiodic SRS and ACK/NACK feedback

Proposal 1: The prioritization rule should be predefined between gNB and UE considering the message carried by PUCCH. Alternatively, following rules can be supported

· Periodic PUCCH (not including ACK/NACK) > periodic SRS

· Aperiodic SRS > periodic PUCCH

· SR/beam recovery request > SRS
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority. 
2.2 Semi-persistent or aperiodic SRS

In LTE-A, two-level configuration for SRS parameters was introduced in Rel-10, which includes two steps. Firstly, multiple sets of SRS parameters can be configured by gNB via RRC signaling. Then SRS is triggered along with one parameter set by gNB via DCI signaling. In NR, SRS is not only used to acquire UL CSI or DL CSI when reciprocity exists, but also used for uplink beam management. More sets of SRS parameters are required to achieve flexible UL beam management and dynamic SRS configuration from time domain, frequency domain, code domain and beam domain. To achieve more flexible SRS resource management, the overhead of DCI would be large if adopting this two-levels configuration approach. To reduce the DCI overhead, three-level SRS configuration can be considered in NR. For example, M sets of SRS parameters are configured by BS via RRC signaling. Then N sets of SRS parameters are selected from M sets by BS via MAC CE signaling. Finally, K sets of SRS parameters are selected from N sets by BS via DCI signaling. 
Proposal 2: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration is supported in NR. 

2.3 SRS configuration in time domain

Currently, it has been agreed that SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS when USCH is scheduled in a slot. The potential SRS locations in the front of a slot are still FFS. Since the front N symbols can be the symbols that before the UL DMRS and the corresponding UL data, which can give the UE additional processing time and utilize the resource of guard period more effectively. Therefore, we support the front part of a slot for potential SRS transmission. 

Proposal 3: The first several symbols of a slot should be supported for potential SRS locations. 
2.4 SRS bandwidth design

In LTE, tree-like structures were used to configure the SRS bandwidth by three steps. Firstly, one set of tree-like bandwidth is determined according to the uplink system bandwidth. Secondly, one tree-like bandwidth is selected by the cell-specific SRS bandwidth configuration CSRS. Finally, the UE-specific parameter BSRS is indicated to the UE to select the SRS bandwidth from the chosen cell-specific tree-like structure. 
In NR, it has been agreed that SRS bandwidth is multiples of 4 PRB and NR should support UE specific configured bandwidth based on tree-like SRS sets. Since the UE-specific BWP may be smaller than system bandwidth of one component carrier, tree-like structure for NR SRS bandwidth configuration should depend on the UE specific BWP instead of system BW.   

For the set of SRS bandwidth, four tables in LTE can be supported for BWP less than or equal to 96, or these four tables can be combined into a single table.  For BWP larger than 96 PRB, based on UE specific parameters including  UE specific BWP, like NBWP, SRS bandwidth configuration, like  CSRS and SRS bandwidth parameter, like BSRS, the determination of SRS bandwidth set can be implemented as the similar way as LTE. However, there will be many tables to be introduced, or the single table will be difficult to decided, which highly increase standard effort. So we propose to use some formulas to summarize the SRS configuration, e.g. 
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where i = BSRS, NBWP is the PRB number of UE specific BWP and CSRS is SRS bandwidth configuration.
Based on this formula, SRS BW mSRS,i can be calculated. The equivalent table is shown in table 3 in appendix. 
Proposal 4: Tree-like structure for NR SRS bandwidth configuration should be a function of the configured BWP, and SRS bandwidth configuration. 

2.5 SRS frequency hopping and repetition

It was agreed that repetition of SRS in maximum of 4 symbols is supported and FFS for the case with frequency hopping depending on RAN4 LS reply.   It is expected that intra-slot frequency hopping should not be an issue especially when we consider hopping in the same BWP.  In any case, RAN4 can provide the minimum number of symbols that UE needs to wait to hop to other PRBs.  In such case, we can combine hopping and repetition with X symbols in one slot.  Minimum of X depends on the RAN4 reply. Figure 2 shows an example with 2 symbols repetition and zero hop gap.
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Fig.2 Combined SRS repetition and frequency hopping
Consequently, R repetition symbols should be configured besides the number of SRS symbols N in one SRS resource, wherein R can be equal to or smaller than N. Because N can be 1, 2 and 4, then R can also be 1, 2 and 4. 

Since one transmission time nSRS only contains one OFDM symbol in LTE 36.211, it is not suitable for NR if repetition is used. The corresponding formula for nSRS can be changed as following
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Proposal 5: Support combined SRS repetition and frequency hopping in a slot, and support configuration of repetition numbers.
2.6 Antenna switching for SRS transmission
Based on current definition of SRS resource, it seems the antenna switching was not considered. In order to achieve unified configuration structure, SRS antenna switching should be supported within one SRS resource.

Proposal 6: Support SRS antenna switching within one SRS resource.
Taking 1Tx-2Rx antenna switching as an example, the potential SRS patterns are shown in Figure 3. In order to achieve most flexibility of SRS antenna switching and frequency hopping, another parameter can be introduced to inform S consecutive symbols for one SRS antenna in one subband. In other words, within R repetition symbols, S consecutive symbols for one port should be configured, S <= R.
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Fig.3 Illustration of SRS antenna switching

Proposal 7: Support indication of the number of consecutive symbols for one antenna. 

For 1Tx-2Rx antenna switching, the formula for calculation of SRS antenna index can be changed as following
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2.7 Sounding partial frequency resources
It has been agreed that NR should support to sound substantially all UL PRBs in a BWP.  While in some cases, a UE sometimes needs to transmit SRS in the whole BWP or CC.  In some other cases, it is unnecessary to sound some UL resources, e.g. reserved resource for forward compatibility, URLLC traffic, or resources may cause serious inter-cell interference. Therefore, NR should support to sound partial UL PRBs of a BWP. 
Proposal 8: NR should support to sound partial UL PRBs of a BWP.
Even reserved resource is not considered, it may still have some problems since SRS bandwidth can be much larger than LTE, UE need to transmit very large BW SRS at one time if SRS hopping is not enabled, and much transmit power is necessary to ensure coverage. If SRS hopping is enabled, very long time cycling is needed and the channel accuracy will be impacted because of measurement delay. In order to fix the problems in large BW scenarios, SRS transmission mechanism with two steps can be supported in NR.

As shown in figure 4 without frequency hopping and figure 5 with frequency hopping.

· In step 1, SRS is only transmitted on partial frequency resources, i.e. sound K PRBs of each subband for a coarse measurement wherein one subband includes M PRBs and M>=K. 
· After step 1, gNB can get some best subbands to be further measured in step 2. In step 2, SRS is transmitted on all PRBs of  the selected bandwidth based on the measurement of step 1 in order to get accuracy channel estimation. 
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Fig.4  Two-step SRS transmission mechanism without frequency hopping
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Fig.5 Two-step SRS transmission mechanism with frequency hopping

We evaluate the performance impact of sounding only a few PRBs in each subband compared to sounding all PRBs with subband size of 6PRBs. From the simulation results as shown in table 1, it can be observed that the performance loss is negligible.  Note that this simulation does not take into account the further delay is introduced if all PRBs are sounded.  Performance gain is 
Table 1 Simulation results of sounding partial PRBs in each subband

	
	Sounding all PRBs in each subband
	Sounding 3 PRBs in each subband
	Sounding 2 PRBs in each subband

	System spectral efficiency (b/s/Hz)
	3.54
	3.48 (-2%)
	3.45 (-3%)

	Cell edge spectral efficiency (b/s/Hz)
	0.112
	0.110 (-1.8%)
	0.107 (-4.5%)


In LTE, the levels of the tree which SRS can hop are {0,1,,..,BSRS },then SRS should sound all the PRBs in a bandwidth of level bhop which is configurable. To support sounding partial PRBs, we can modify or introduce a parameter such that the hopping is done only in partial PRB.  The example in Figure 6 shows the case where we have BSRS=3 and SRS only sounds in every 4PRBs. 
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Fig.6 tree-like structure to support subband based SRS transmission 

Proposal 9: Support subband based SRS transmission in which SRS is sounded in K PRBs in each subband where subband size is M PRBs >= K PRBs.   Modify the configurations of LTE tree-like structure to support hopping partial frequency resources in a hopping bandwidth. 

2.8 Multiplexing of SRS and PUSCH

For symbol level SRS frequency hopping, as shown in Fig.7, to improve resource utilization, the unused bandwidth of SRS symbol, e.g., the resource reserved for PUSCH, can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. To avoid the collision between SRS and PUSCH from different UEs belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
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Fig.7 Symbol level SRS frequency hopping

Proposal 10: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. Whether to use the reserved resource for PUSCH should be indicated by gNB.  

3 Conclusion

In this contribution, we discuss SRS design for NR. From the above discussion, we have the following proposals:

Proposal 1: The prioritization rule should be predefined between gNB and UE considering the message carried by PUCCH. Alternatively, following rules can be supported

· Periodic PUCCH (not including ACK/NACK) > periodic SRS

· Aperiodic SRS > periodic PUCCH

· SR/beam recovery request > SRS
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority
Proposal 2: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration can be considered in NR.
Proposal 3: The first several symbols of a slot should be supported for potential SRS locations.
Proposal 4: Tree-like structure for NR SRS bandwidth configuration should be a function of the configured BWP, and SRS bandwidth configuration. 
Proposal 5: Support combined SRS repetition and frequency hopping in a slot, and support configuration of repetition numbers.
Proposal 6: Support SRS antenna switching within one SRS resource.
Proposal 7: Support indication of the number of consecutive symbols for one antenna.
Proposal 8: NR should support to sound partial UL PRBs of a BWP.
Proposal 9: Support subband based SRS transmission in which SRS is sounded in K PRBs in each subband where subband size is M PRBs >= K PRBs.   Modify the configurations of LTE tree-like structure to support hopping partial frequency resources in a hopping bandwidth. 
Proposal 10: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. Whether to use the reserved resource for PUSCH should be indicated by gNB.
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Appendix 
Table 2 Simulation assumption
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,Q）=（4,2,2,16）

Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	Feedback scheme
	Feedback covariance matrix

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Subband size
	6 PRBs

	Traffic model
	Full buffer

	Channel estimation error modeling
	Non-ideal modeling 

	Handover margin 
	3dB 


Table 3 
[image: image25.wmf]b

m

SRS,

and
[image: image26.wmf]b

N

, 
[image: image27.wmf]3

,

2

,

1

,

0

=

b

, values for the uplink bandwidth part of 
[image: image28.wmf]275

96

BWP

£

<

N


	The range of uplink bandwidth part

	SRS-Bandwidth

[image: image29.wmf]0

SRS

=

B


	SRS-Bandwidth

[image: image30.wmf]1

SRS

=

B


	SRS-Bandwidth

[image: image31.wmf]2

SRS

=

B


	SRS-Bandwidth

[image: image32.wmf]3

SRS

=

B



	
	
[image: image33.wmf]0

SRS,

m


	
[image: image34.wmf]0

N


	
[image: image35.wmf]1

SRS,

m


	
[image: image36.wmf]1

N


	
[image: image37.wmf]2

SRS,

m


	
[image: image38.wmf]2

N


	
[image: image39.wmf]3

SRS,

m


	
[image: image40.wmf]3

N



	97<=
[image: image41.wmf]BWP

N

<112
	96
	1
	48
	2
	24
	2
	4
	6

	112<=
[image: image42.wmf]BWP

N

<128
	112
	1
	56
	2
	28
	2
	4
	7

	128<=
[image: image43.wmf]BWP

N

<144
	128
	1
	64
	2
	32
	2
	4
	8

	144<=
[image: image44.wmf]BWP

N

<160
	144
	1
	72
	2
	36
	2
	4
	9

	160<=
[image: image45.wmf]BWP

N

<176
	160
	1
	80
	2
	40
	2
	4
	10

	176<=
[image: image46.wmf]BWP

N

<192
	176
	1
	88
	2
	44
	2
	4
	11

	192<=
[image: image47.wmf]BWP

N

<208
	192
	1
	96
	2
	48
	2
	4
	12

	208<=
[image: image48.wmf]BWP

N

<224
	208
	1
	104
	2
	52
	2
	4
	13

	224<=
[image: image49.wmf]BWP

N

<240
	224
	1
	112
	2
	56
	2
	4
	14

	240<=
[image: image50.wmf]BWP

N

<256
	240
	1
	120
	2
	60
	2
	4
	15

	256<=
[image: image51.wmf]BWP

N

<272
	256
	1
	128
	2
	64
	2
	4
	16

	272<=
[image: image52.wmf]BWP

N

<=275
	272
	1
	136
	2
	68
	2
	4
	17


1
9

_1234567906.unknown

_1234567916.unknown

_1234567924.unknown

_1234567932.unknown

_1234567936.unknown

_1234567938.unknown

_1234567940.unknown

_1234567941.unknown

_1234567939.unknown

_1234567937.unknown

_1234567934.unknown

_1234567935.unknown

_1234567933.unknown

_1234567928.unknown

_1234567930.unknown

_1234567931.unknown

_1234567929.unknown

_1234567926.unknown

_1234567927.unknown

_1234567925.unknown

_1234567920.unknown

_1234567922.unknown

_1234567923.unknown

_1234567921.unknown

_1234567918.unknown

_1234567919.unknown

_1234567917.unknown

_1234567910.vsd
32PRB


16PRB


8PRB


b=0,N_b=1


b=1,N_b=2


b=2,N_b=2


b=3,N_b=2


4PRB


SRS


SRS


SRS


SRS



_1234567914.unknown

_1234567915.unknown

_1234567912.vsd
Frequency


time


UE1


UE1


UE1


UE1


UE2


UE2


UE2


UE2


Reserved for UE 1 SRS


Reserved for UE 2 SRS


Reserved for PUSCH



_1234567908.unknown

_1234567909.unknown

_1234567907.unknown

_1234567898.unknown

_1234567902.unknown

_1234567904.unknown

_1234567905.unknown

_1234567903.unknown

_1234567900.unknown

_1234567901.unknown

_1234567899.unknown

_1234567894.unknown

_1234567896.vsd
�

�

...


Subband 1


Subband 2


Subband N


time


Frequency


Frequency


time


SRS region


No SRS region


Step 1


Step 2



_1234567897.vsd
Frequency


time


UE1


UE1


UE1


UE1


UE2


UE2


UE2


UE2


Reserved for UE 1 SRS


Reserved for UE 2 SRS


Reserved for PUSCH



_1234567895.vsd
�

�

...


Subband 1


Subband 2


Subband N


time


Frequency


Frequency


time


SRS region


No SRS region


Step 1


Step 2



_1234567892.vsd
slot


The time unit of hopping is 2 OFDM



_1234567893.unknown

_1234567890.unknown

