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In RAN1#90bis [1], the following agreements were made for SRS design:
	Agreements:
· 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

· NR supports gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}

· 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

· An X-port SRS resource spans N = 1, 2, or 4 adjacent OFDM symbols within the same slot where all X ports are mapped to each symbol of the resource
· When frequency hopping only is configured, the X ports are mapped to potentially different sets of subcarriers in each OFDM symbol of the resource, depending on the hopping pattern
· For N = 4, frequency hopping + repetition can be configured where the the X ports are mapped to a different set of subcarriers in the second pair OFDM symbol(s) of the resource
· Note: Symbol pairs are adjacent
· Note: same comb is assumed for different sets of subcarriers
· Note: hopping pattern is within the tree structure defined by a given C_SRS, B_SRS, and b_hop
· Note: When repetition only is configured, the mapping is covered by previous agreement in RAN1#90:
· “Each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols.”
· NCP SRS resource definition is reused for ECP
· FFS: SRS transmission repetition within a slot can be at different power levels to account for relative phase discontinuities from multiple UE Tx chains

· 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 contribution we provide our views on above listed further studies with the consideration of using SRS for CSI acquisition and beam management. 
[bookmark: _Ref129681832]Discussion
Detailed design for SRS configuration for mapping to RE
SRS configuration in time domain
In RAN1#91bis, it was agreed that only UE-specific parameters are supported for SRS time domain configuration. In LTE, UE-specific time domain configuration includes periodicity and subframe offset, which are jointly coded in one table. In NR, since it was agreed that SRS can be located at the last 6 symbols in the slot, the SRS symbol-level configuration should also be introduced. Therefore, the time domain configuration of SRS can be separated into two part, i.e., slot-level and symbol-level configuration. 
Slot-level configuration

For periodic/semi-persistent SRS, the slot level periodicity and slot-level offset can be similar to LTE but considering different numerologies. For the slot-level offset, it is obvious that the unit should be a slot. For the slot-level periodicity, as agreed in RAN1#90bis, at least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS. For larger SCS on the same carrier frequency, same periodicity in millisecond is necessary to guarantee the channel estimation accuracy. However, for larger carrier frequency, e.g., high frequency, due to significant Doppler Effect, the periodicity of SRS should be smaller. Therefore, one solution is to add more periodicities to the table to allow gNB to configure 320 ms periodicity for 60KHz SCS, and the unit of  is a slot. 
Moreover, for the periodicity of 2 slot, the configuration may be different from other periodicity. In the agreed periodicity, one periodicity is an integer multiple of another periodicity smaller than it except for 2-slot periodicity. The benefit of such structure is that the UE with larger SRS periodicity can be multiplexed with the UE with smaller SRS periodicity for SRS transmission. Therefore, the required UL symbols and limitation for TDD UL/DL configuration is minimized from network perspective.  In order to guarantee this feature for 2ms periodicity, in LTE, there are two SRS symbols (by configuring two offsets) within 5ms periodicity. In NR, one of the following two solutions can be used to guarantee this feature:
· S-1: 2-slot periodicity is support by configuring one 2-symbol SRS resource with 5-slot periodicity.
· S-2: 2-slot periodicity is support by configuring 2 offsets with 5-slot periodicity, which is similar to LTE.
Consequently, the corresponding tables are given as follow


Table 1(a): UE Specific SRS slot-level periodicity  and slot offset configuration  with S-1
	SRS slot configuration Index


	SRS Slot-level Periodicity

 (slot)
	SRS Slot Offset

 (slot)

	0 – 4
	5
	
 

	5 – 14
	10
	
 – 5

	15 – 34
	20
	
 – 15

	35 – 74
	40
	
 – 35

	75 – 154
	80
	
 – 75

	155 – 314
	160
	
 – 155

	315 – 634
	320
	
 – 315

	635 -1274
	640
	
 – 635

	1275 -2554
	1280
	
 – 1275

	2555 – 4095
	reserved
	reserved





Table 1(b): UE Specific SRS slot-level periodicity  and slot offset configuration  with S-2
	SRS slot configuration Index


	SRS Slot-level Periodicity

 (slot)
	SRS Slot Offset

 (slot)

	0
	5
	{0,1}

	1
	5
	{0,2}

	2
	5
	{0,3}

	3
	5
	{0,4}

	4
	5
	{1,2}

	5
	5
	{1,3}

	6
	5
	{1,4}

	7
	5
	{2,3}

	8
	5
	{2,4}

	9
	5
	{3,4}

	10 – 14
	5
	
-10 

	15 – 24
	10
	
 – 15

	25 – 44
	20
	
 – 25

	45 – 84
	40
	
 – 45

	85 – 164
	80
	
 – 85

	165 – 324
	160
	
 – 165

	325 – 644
	320
	
 – 325

	645 -1284
	640
	
 – 645

	1285 -2564
	1280
	
 – 1285

	2565 – 4095
	reserved
	reserved







For aperiodic SRS transmission, it is necessary to define the timing relationship between SRS triggers and SRS transmissions. In LTE, when a positive SRS trigger in subframe n is detected, the UE transmits SRS in the first subframe satisfying, RS periodicity and offset conditions. However, in NR, as agreed in RAN1#89, the SRS resource is configured without a slot-level periodicity and slot offset.  Therefore, NR needs to re-define the timing relationship between SRS trigger and SRS transmission.  One possible approach is that a slot-level time offset  between the triggering and first transmission of SRS can be configured by high layer signaling (e.g., RRC signaling). In addition, in order to guarantee enough time for UE to decode DCI and downlink-to-uplink switching, a minimum value of time offset  (e.g., ) should be specified. 


Moreover, considering UE with different capability, the gNB may determine the  or the minimum value of  based on UE reporting.
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).
· slot-level offset between the slot of DCI for SRS triggering and the first slot for aperiodic SRS transmission 
· 

FFS: the minimum value of ,  e.g., 
· 
Support UE capability for supported minimum value of .

Symbol-level configuration
For periodic/semi-persistent/aperiodic SRS, {1, 2, 4} symbols can be configured for one SRS resource, and all of these symbols are located at the last 6 symbols in the slot. Thus, the same symbol-level configuration method can be applied for periodic/semi-persistent/aperiodic SRS.
It was agreed that intra-slot frequency hopping and repetition are supported for SRS. Therefore, there are three repetition types as follows:
	Repetition type 1: No SRS repetition
	Repetition type 2: SRS repetition in every 2 symbol of the SRS resource in one slot
	Repetition type 3: SRS repetition in every symbol of the SRS resource in one slot
In order to configure the repetition type, the SRS repetition factor as an additional parameter for symbol-level configuration. The SRS repetition factor is the number of continuous symbols mapping on the same sub-carriers in one SRS resource within one slot. Therefore, the SRS repetition factor for the three repetition types are 1, 2 and 4, respectively.
Consequently, for symbol-level configuration, the following design principle should be guaranteed:
1. 
Starting symbol   should be {8, 9, 10, 11, 12, 13}
2. 
Symbol number  should be {1, 2, 4}
3. 
SRS repetition factor  should be {1, 2, 4}
4. 

5. 

Thus, the a preferred symbol-level configuration table is given as follows, in which the starting symbol, symbol number and repetition factor of an SRS resource are jointly encoded.
Table 2: UE Specific SRS symbol and repetition type configuration
	SRS symbol configuration Index


	SRS starting symbol


	SRS symbol number


	SRS repetition factor



	0 - 5
	
13 – 
	1
	1

	6 – 10
	
18 – 
	2
	1

	11 – 15
	
23 – 
	2
	2

	16 – 18
	
26 – 
	4
	1

	19 – 21
	
29 – 
	4
	2

	22 – 24
	
32 – 
	4
	4

	25 – 31
	reserved
	reserved
	reserved



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.

SRS configuration in frequency domain
SRS frequency starting position configuration

Analogous to LTE, the frequency domain starting position  can be defined by




where  indicates the starting position of resources that will be sounded in one sounding period (sounding region) within the UL BWP, and  indicates the starting position of one SRS transmission within the whole sounding region.


In RAN1 90b, it has been agreed that the frequency starting position of a SRS transmission  should be UE specifically configurable such that they can be aligned with 4 PRB granularity defined on a wideband CC from network perspective. The  can be calculated as following.

                                                                  (1)







where   is the starting RB index of sounding region within the UL BWP, is the resource block size and  indicates the transmission comb. Considering the bandwidth of the UL BWP is , the range of  should satisfy . The alignment with 4PRB common grid can be guaranteed by network configuring an appropriate value of , which is transparent to UE.
Observation 1: CSI of all resource blocks in a NR carrier should be able to be acquired from network’s perspective.
Observation 2: The alignment with 4PRB common grid is guaranteed by network configuration and transparent to UE.

Proposal 3: Support to configure PRB-level frequency domain starting position of a SRS allocation as in (1) within the range.
Frequency hopping 

Similar to LTE, the frequency hopping range of the sounding reference signal in NR can also be configured by the parameter, provided by higher-layer parameter. Moreover, frequency hopping is also supported for aperiodic transmission as agreed in RAN1#90bis. 






For periodic, semi-persistent and aperiodic SRS transmission, 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 configured by higher-layer parameters as in LTE. If frequency hopping of the sounding reference signal is enabled (i.e., ),  the frequency position indexes  can be as follows

                                       (2)


where  is given by Table of SRS bandwidth agreed in RAN1#90bis, and  in LTE can also be reused as follow


























where  regardless of the  value. The  in (2) is configured by gNB within the range  only when frequency hopping is enabled. If , the (2) is the same as in LTE and SRS is transmitted on every PRB within the frequency range configured by  with frequency hopping. An example is given in the left part of Figure 1, where, , . However, if , SRS is hopping only for bandwidth satisfying , and the frequency positions for the bandwidth  and  are fixed and determined based on the configuration of . Since only one SRS bandwidth (configured by )  is selected for SRS transmission within every bandwidth configured by , SRS is transmitted on part of PRBs within the bandwidth configured by  with frequency hopping. An example is illustrated in the right part of Figure 1, where , , , . In this example, SRS is transmitted on one fixed 24 PRB bandwidth (configured by )  within every 48 PRB bandwidth (configured by ), which can be used for beam management.


Figure 1.  SRS transmission on part of frequency domain hopping positions

Additionally, due to multi-symbol SRS resource, the definition of  is different from LTE. 


For periodic and semi-persistent SRS transmission, considering different repetition factor, the  can be obtained as follow

                (3)





counts the number of UE-specific SRS transmissions with  repetitions each, where , , ,  are number of slots within one frame, frame index, slot index and symbol index, respectively. 

For the aperiodic SRS transmission, since the slot-level periodicity and offset is not configured, only intra-slot frequency hopping is supported. The  can be obtained as follow

                                                               (4)









Moreover, for the case that  is smaller than the total number of hops, it is preferred to only transmit SRS on the first hops, and therefore the triggered SRS is only transmitted in one slot. An example is shown in the left part of Figure 2, where  and the total number of hops is 4. This can also be used for beam management by aperiodic SRS. If  is larger than the total number of hops, e.g.,  and the total number of hops is 3, UE can stop transmit SRS after a round of frequency hopping for better resource utilization (e.g., for PUSCH transmission), which is illustrated in the right part of Figure 2. Consequently, only intra-slot hopping is allowed for aperiodic SRS, and the symbols used for aperiodic SRS transmission should be limited to the minimum number between and the total number of hops (), i.e., SRS is transmitted when satisfies.

  

Figure 2.  Aperiodic SRS transmission when 
Proposal 4: Support to determine the frequency hopping range for both CSI acquisition and beam management based on 




Where  is configured by gNB within the range  when frequency hopping is enabled


Proposal 5: For periodic and semi-persistent SRS, support to counts the number of SRS transmissions (each with  repetitions) as .




Proposal 6: For aperiodic SRS, support to counts the number of SRS transmissions (each with  repetitions) as , where SRS is transmitted only when satisfies.

SRS activation/deactivation mechanism
In NR, semi-persistent SRS is supported with dynamic activation/deactivation signalling, which can be transmitted in MAC CE. There are two options for activation/deactivation of SRS resource for semi-persistent SRS as follows
Opt-1: The signalling is used to activate/deactivate SRS resource.
Opt-2: The signalling is used to activate/deactivate SRS resource set.
Since SRS resource set is defined as a set of SRS resources which can be used for Tx beam sweeping, Rx beam sweeping, antenna switching, CSI acquisition or other purpose, the SRS resources in the resource set are expected to be activated together to achieve the purpose. Hence, Opt-2 is preferred. Moreover, a bitmap can be conveyed in the MAC CE to activate/deactivate SRS resource sets, where each bit corresponds to one SRS resource set. This design allows gNB to activate/deactivate multiple SRS resource sets by one MAC CE.
Proposal 7: Support gNB to activate/deactivate SRS resource set by MAC CE for semi-persistent SRS.

SRS triggering mechanism
Timing between SRS trigger and transmission when collision with other channel



As discussed in Section 2.1.1, a time offset  is configured to UE to indicate the slot between triggering DCI and SRS transmission. However, if the SRS is not allowed to transmit, e.g., due to collision with PUCCH or DL transmission indicated by SFI, gNB needs to send another DCI to trigger SRS transmission if current SRS transmission is dropped. In order to reduce the transmission of DCI, one solution is that UE can transmit SRS in the same symbols in the next slot, i.e., slot. This design may guarantee lowest delay of SRS transmission when collision happens. Furthermore, a maximum time offset should be defined to avoid excessive delay of SRS transmission. For example, the triggered SRS will not be transmitted after slot .
Collisions of SRS triggering 
In LTE, SRS can be triggered by DCI conveying DL grant an UL grant. In NR, one slot can be configured with both DL and UL symbols, where the DL symbols are before UL symbols. The DL symbols may be used for PDSCH transmission and UE can transmit SRS on one or more of the UL symbols. Therefore, it is also necessary to trigger SRS in DL grant in NR.
Proposal 8: Support SRS triggering in both DL and UL grant in NR.
In NR, as shown in Figure 3, more than one different values of SRS triggers in DL or UL grant may occur in one or different slot. The UE may be triggered for SRS transmission in the same slot (e.g., slot n+5 in Figure 3), which leads to SRS trigger collisions.  To solve this problem, in LTE, a UE configured for aperiodic SRS transmission is not expected to receive SRS triggering events associated with different values of aperiodic SRS transmission parameters, as configured by higher layer signaling, for the same subframe. Therefore, a straightforward way for NR SRS to solve this problem is to reuse the approach that in LTE.
[image: ]
Figure 3.  SRS triggering collisions
Proposal 9:  A UE configured for aperiodic SRS transmission is not expected to receive SRS triggering events associated with different values of aperiodic SRS transmission parameters, as configured by higher layer signaling, for the same slot.

SRS Scrambling ID 
NR supports twice as many physical cells as in LTE, much larger UE connection density of 1,000,000  devices/km2, and potentially more SRS ports of up to 8 (FFS) compared to a maximum of 4 in LTE. To multiplex more SRS sequences in scenarios with such enhanced connectivity while maintaining an appropriate SRS reuse distance and decrease both intra-cell and inter-cell inter-SRS interference, designing SRS sequences with good cross correlation properties is always required for current and future releases of NR. We have shown in [2] for DMRS and in [3] for CSI-RS that the bit-width of scrambling ID has a substantial impact on the cross correlation properties of both RSs: The larger the bit-width of the scrambling ID, the larger the average size of the set of all sequences with mutual cross-correlation below a given threshold. Following this observation, we have suggested in both [2] and [3] to depart from the current LTE-like approach that uses the size of Cell ID (10 bits in NR) as the bit-width of Scrambling ID and proposed to use scrambling ID of 16 bit-width for both CSI-RS and DMRS. Although the Rel. 15 SRS design uses ZC sequences as in LTE and the size of scrambling ID may not directly affect the cross correlation properties of Rel 15 SRS sequences, for the sake of unified design of all RSs and possible future compatibility for SRS sequences, we suggest to use the 16 bits of scrambling ID for SRS as well. We propose:
Proposal 10:  SRS Scrambling ID of 16 bit-width is supported in NR.

Summary of SRS configuration 
To summarize the SRS configuration, the gNB needs to send the following configurations to UE:
· UE-specific SRS configuration by RRC 
Table 3. Higher layer parameters for SRS in NR 
	Parameter name in specification
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	SRS-ResourceSetConfigList
	Contains up to TBD number of SRS resource set configurations (SRS-ResourceSetConfig)
	　
	　
	UE specific
	In [4]

	SRS-ResourceSetConfig
	SRS resource set configuration
	　
	　
	UE specific
	In [4]

	SRS-ResourceSetConfigId
	SRS resource set configuration ID
	0 .. TBD number of SRS resource sets - 1
	　
	UE specific
	In [4]

	AperiodicSRS-ResourceTrigger
	Contains trigger states for dynamically selecting one or more aperiodic SRS resource
	　
	　
	UE specific
	In [4]

	SRS-ResourceConfigList
	Contains up to TBD number of SRS resource Set configurations (SRS-ResourceConfig)
	　
	　
	UE specific
	In [4]

	SRS-ResourceConfig
	SRS resource configuration
	　
	　
	UE specific
	In [4]



Table 4. Higher layer parameters contained in SRS-ResourceConfig 
	Parameter name in specification
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	SRS-ResourceConfigId
	SRS resource configurationId
	　0 .. TBD number of SRS resources - 1
	　
	UE specific
	In [4]

	NrofSRS-Ports
	Number of SRS ports
	1,2, or 4
	　
	UE specific
	In [4]

	SRS-TransmissionComb
	Includes comb value (2 or 4) and comb offset
	　Comb value{2, 4},comb offset {0,1,2,3}
	　
	UE specific
	In [4]

	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.
	　0-24
	　
	UE specific
	In [4]
Details can be found in Table 2.

	SRS-FreqHopping
	


Includes parameters configuring SRS frequency hopping, including ,  and 
	　
	　
	UE specific
	In [4]
Details can be found in Table 5.

	SRS-ResourceConfigType
	Time domain behavior of SRS resource configuration
	aperiodic, semi-persistent, or periodic
	　
	UE specific
	In [4]


	SRS-SlotConfig
	Contains periodicity and slot offset for periodic/semi-persistent SRS
	　0 - 2556
	　
	UE specific
	In [4]
Details can be found in Table 1

	SRS-SlotConfig-ap
	Contains time slot offset between DCI triggering SRS and SRS transmission
	

  – 
	

	UE specific
	New
Details can be found in Section 2.1.1.2

	SRS-FreqDomainPosition
	Parameter(s) defining frequency domain position and configurable shift to align SRS allocation to 4 PRB grid.
	
0 -*　
	　
	UE specific
	In [4]
Details can be found in Section 2.1.2.1

	SRS-CyclicShiftConfig
	Parameter(s) definiing cyclic shift configuration
	0 – 8 for comb level =2;
0 - 11 for comb level =4
	
	UE specific
	In [4]

	SRS-GroupSequenceHopping
	
Parameter(s) for configuring group or sequence hopping including hopping sequence initialization
	
	　
	UE specific
	In [4]

	SRS-CarrierSwitching
	Includes parameters for configuration of carrier based SRS  switching
	
	
	UE specific
	In [4]

	SRS-OpenLoopBeamforming
	Parameter indicating whether UE can select the Tx beam by itself.
	ON, OFF
	OFF
	UE specific
	New
Details can be found in [5]



*
Table 5. Higher layer parameters contained in SRS- FreqHopping
	Parameter name in specification
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	SRS-BandwidthConfig	
	
Parameter: indicating a set of SRS bandwidths
	　0 – 63
	　
	UE specific
	New 

	SRS-Bandwidth
	
Parameter: SRS bandwidth which indicates the bandwidth to transmit SRS for one hop
	　0 – 3
	　
	UE specific
	New

	SRS-HoppingBandwidth
	
SRS hopping bandwidth for SRS
	0 – 3
	　
	UE specific
	New

	SRS-freqDomainPosition
	
Parameter: offset of frequency domain position within SRS hopping bandwidth
	0 - 67
	
	UE specific
	New

	SRS-MinHoppingBandwidth
	
Parameter:  the configuration of minimum bandwidth for frequency hopping
	
Integer within 
	

	UE specific
	New*
Details can be found in section 2.1.2.2



Table 6. Higher layer parameters contained in SRS-ResourceSetConfig 
	Parameter name in specification
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	SRS-AntSwitching
	Includes parameters for configuration of SRS antenna switching (1T2R, 2T4R, 1T4R switching)
	ON/OFF
	ON
	UE specific
	Different from [4], not contained in SRS-ResourceConfig
Details can be found in [6]



· UE-specific SRS configuration and triggering by MAC CE. 
The Tx beam configuration for one SRS resource or SRS resource group can be conveyed by MAC CE, e.g., based on SRI or CRI. The activation and deactivation of semi-persistent SRS can also be configured by MAC CE.
· UE-specific triggering by DCI. 
For aperiodic SRS, the candidate SRS configuration can be pre-configured by RRC as in LTE and triggered by DCI.


Conclusions
Based the discussions above, we have the following proposals:
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).
· slot-level offset between the slot of DCI for SRS triggering and the first slot for aperiodic SRS transmission 
· 

FFS: the minimum value of ,  e.g., 
· 
Support UE capability for supported minimum value of .
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.

Proposal 3: Support to configure PRB-level frequency domain starting position of a SRS allocation as in (1) within the range.
Proposal 4: Support to determine the frequency hopping range for both CSI acquisition and beam management based on 




Where  is configured by gNB within the range  when frequency hopping is enabled


Proposal 5: For periodic and semi-persistent SRS, support to counts the number of SRS transmissions (each with  repetitions) as .




Proposal 6: For aperiodic SRS, support to counts the number of SRS transmissions (each with  repetitions) as , where SRS is transmitted only when satisfies.
Proposal 7: Support gNB to activate/deactivate SRS resource set by MAC CE for semi-persistent SRS.
Proposal 8: Support SRS triggering in both DL and UL grant in NR.
Proposal 9:  A UE configured for aperiodic SRS transmission is not expected to receive SRS triggering events associated with different values of aperiodic SRS transmission parameters, as configured by higher layer signaling, for the same slot.
Proposal 10:  SRS Scrambling ID of 16 bit-width is supported in NR.
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