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Introduction
In RAN1#90bis meeting, the following agreements were achieved for NR SRS [1]:
· 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 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
· 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
· NR supports gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}
· For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
· TA (through PRACH) on TAG without PUSCH/PUCCH configured
· Power control separated from that of PUSCH
· Group common DCI for aperiodic SRS triggering and TPC
· DL/UL interruptions and collision handling due to SRS switching
· 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
· For an N symbol periodic or semi-persistent SRS resource, NR supports
· N = 1: inter-slot hopping within a BWP
· N = 2 or 4: intra-slot + inter-slot hopping within a BWP
· Repetition can be configured: FFS details, e.g., through a repetition factor r∈{1,2,4} where r≤N
· Note: repetition first, hopping second as per definition of SRS resource
· In each slot, the N-symbol SRS resource occupies the same symbol location(s)
· The NR hopping formula design uses the LTE hopping formula as a starting point
· FFS: if partial sounding of a subband of the hopping bandwidth is supported
· e.g., sounding of K contiguous RBs where K < BW of subband, avoiding modification of hopping formula
· For 1T2R or 2T4R antenna switching within an active BWP of a component carrier, NR supports inter-slot and intra-slot antenna switching
· The UE is configured with two SRS resources which are both 1 symbol or both 2 symbols, where
· For 1T2R: Both resources are single-port, and the port of the 2nd resource is associated with a different UE antenna than the port of the 1st resource
· For 2T4R: Both resources are 2-port, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource
· For inter-slot antenna switching, the two SRS resources are TDM’d at slot level
· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)
· The UE does not transmit any other signal during the guard period
· For intra-slot, aperiodic triggering of the two SRS resources configured for antenna switching is supported. FFS: aperiodic triggering for inter-slot.
· NR supports 1T4R antenna switching within an active BWP of a component carrier
· The UE is configured with 4 SRS resources which are all single-symbol and single-port
· Each port of the 4 resources is associated with a different UE antenna
· FFS: Inter-/intra-slot switching
· FFS: Aperiodic triggering of the 4 SRS resources
· FFS: how to provide the eNB with UE requirements on the number of SRS resources and the number of ports per resource for the purposes of Tx antenna switching
· FFS: UE behaviour in case of power difference between primary Tx antenna(s) and secondary Rx antenna(s)
· 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
· 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
· 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
Based on the agreements listed above, in this contribution, we discuss on remaining issues on SRS including SRS sequence design, SRS antenna switching, and SRS configuration.
Remaining issues on SRS
1.1 SRS sequence design
In RAN1 NR#2 meeting [2], it was agreed to support at least an LTE-like SRS sequence generation scheme. In addition, in RAN1 NR#3 meeting [3] it was agreed that SRS sequence using LTE SRS sequences generation equation is supported for up to 272 PRBs. Therefore, with LTE-like SRS sequence generation scheme, it is possible to support the maximum bandwidth support by NR. The benefit of the LTE-like SRS sequence generation scheme is the low PAPR/CM since one can assign ZC sequence with proper length according to the allocated PRB size to UE. However, it is still open to introduce additional SRS sequence generation schemes as:
· Opt-1: Truncated ZC design
· Opt-2: block-wise concatenation based ZC sequence generation.
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots
Unlike LTE SRS sequence generation, Opt-1 and Opt-2 are resource specific design approaches where the base sequence values mapped to the SRS resource are a function of the PRB position of the SRS resource in the frequency domain. Such resource specific design allows more flexible SRS scheduling since it can handle partially overlapped resource assignments. However, such flexibility is not fully justified at this stage. For example, IFDM with comb 4 is supported in NR and this can be used for multiplexing partially overlapped SRS. The performance advantage of Opt-1 was not studied extensively even though it includes many specification aspects. In addition, concatenation of multiple short sequences of Opt-2 might increase PAPR/CM. Moreover, additional support of SRS sequence generation will increase UE complexity. In our view, the motivation for additional SRS sequence generation schemes is not clear at this stage. Therefore, we propose:
Proposal 1: An additional SRS sequence generation scheme is not supported at least in Rel-15. 
In addition, in RAN1#90bis meeting [1] it was agreed to down-select one of the following two alternatives for group hopping and sequence hopping as
· 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 LTE SRS sequence generation, Alt-1 was adopted where the base sequence number within the group is fixed into zero when group hopping is enabled. In the last meeting, Alt2 was proposed where the base sequence number within the group is configurable with values of 0 or 1 when group hopping enabled. However, at this point we have not seen analysis or evaluation results showing the advantage of Alt2. Therefore, we propose:
Proposal 2: If group hopping is enabled, the base sequence number within the group is fixed into zero.
1.2 SRS antenna switching
In NR#3 meeting [3], it was agreed that 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme is supported for SRS transmission within a carrier. In addition, it was also agreed to support 4Tx (in the case of UE with 1T4R) antenna switching within a carrier in RAN1#90bis meeting [1]. In general, for the case that R>T where gNB needs to measure the channel from R antenna ports of UE, and the UE can only transmit SRS on maximal T antenna ports simultaneously, the SRS antenna switching can be used for full UL channel measurement over time and also for full DL channel information when UL/DL channel reciprocity is assumed at UE and gNB side. Based on the agreements above for SRS antenna switching, (R, T)=(2,1), (4,1), and (4,2) are supported in NR and we provide antenna switching examples of (R, T)=(2,1), (4,1), and (4,2) with SRS frequency hopping. In these examples, the configured SRS bandwidth is divided into four parts. Each SRS transmission will cover one fourth of the whole SRS bandwidth. First of all, an example of (R, T)=(2,1) is given in Table 1. In this table, 8 SRS transmissions cover the configured the SRS bandwidth. In this contribution, the number of SRS transmission to cover the whole SRS bandwidth is defined as SRS bandwidth transmission period. Therefore, the SRS bandwidth transmission period is 8 in Table 1 with (R, T)=(2,1).
Table 1 An example of antenna switching with SRS frequency hopping, (R, T)=(2,1)
	nSRS
	First part of SRS BW
	Second part of SRS BW
	Third part of SRS BW
	Fourth part of SRS BW

	0
	SRS port 0
	
	
	

	1
	
	
	SRS port 1
	

	2
	
	SRS port 1
	
	

	3
	
	
	
	SRS port 0

	4
	SRS port 1
	
	
	

	5
	
	
	SRS port 0
	

	6
	
	SRS port 0
	
	

	7
	
	
	
	SRS port 1


Secondly, an example of (R, T)=(4,1) is given in Table 2. In this table, the SRS bandwidth transmission period is 16. 
Table 2 An example of antenna switching with SRS frequency hopping, (R, T)=(4,1)
	nSRS
	First part of SRS BW
	Second part of SRS BW
	Third part of SRS BW
	Fourth part of SRS BW

	0
	SRS port 0
	
	
	

	1
	
	
	SRS port 1
	

	2
	
	SRS port 2
	
	

	3
	
	
	
	SRS port 3

	4
	SRS port 1
	
	
	

	5
	
	
	SRS port 2
	

	6
	
	SRS port 3
	
	

	7
	
	
	
	SRS port 0

	8
	SRS port 2
	
	
	

	9
	
	
	SRS port 3
	

	10
	
	SRS port 0
	
	

	11
	
	
	
	SRS port 1

	12
	SRS port 3
	
	
	

	13
	
	
	SRS port 0
	

	14
	
	SRS port 1
	
	

	15
	
	
	
	SRS port 3


Lastly, an example of (R, T)=(4,2) is given in Table 3. In this table, the SRS bandwidth transmission period is 8. By allowing transmission of 2 SRS ports simultaneously, the SRS bandwidth transmission period is reduced by half compared with Table 2.
Table 3 An example of antenna switching with SRS frequency hopping, (R, T)=(4,2)
	nSRS
	First part of SRS BW
	Second part of SRS BW
	Third part of SRS BW
	Fourth part of SRS BW

	0
	SRS port 0,2
	
	
	

	1
	
	
	SRS port 1,3
	

	2
	
	SRS port 1,3
	
	

	3
	
	
	
	SRS port 0,2

	4
	SRS port 1,3
	
	
	

	5
	
	
	SRS port 0,2
	

	6
	
	SRS port 0,2
	
	

	7
	
	
	
	SRS port 1,3


From Table 1 to Table3, it shows that the SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth. Distributing SRS transmission equally for the configured SRS bandwidth is very useful for single antenna based SRS frequency hopping in order to obtain accurate UL channel in a short SRS transmission of time as possible. Since adjacent SRS bandwidth part have high channel correlation in frequency domain, if SRS frequency hopping is occurred in a consecutive manner in SRS bandwidth parts and if we estimate UL channel within limited SRS transmission period, the accuracy of estimate channel of the whole configured SRS bandwidth would be compromised. In general, this hopping principle can be applied for multiple antenna cases. As the correlation between different antennas is increasing, we can expect the same advantage. Therefore, we have the following proposal for NR antenna switching with SRS frequency hopping:
Proposal 3: SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.
Next, we focus on specification aspects to support SRS antenna switching in more details. As shown in the above examples (From Table 1 to Table3), transmit antenna selection for antenna switching are changed over nSRS value where nSRS counts the number of UE-specific SRS transmission. In LTE system, the nSRS value is defined as [4]:
,
where  is system frame number,  is slot number within a radio frame, and  is UE-specific periodicity of SRS transmission defined in LTE system [4][5]. Unlike LTE system, NR supports multiple numerology and the number of SRS symbols N in one SRS resource can be 1, 2, and 4 with repetition factor r∈{1,2,4} where r≤N. Therefore, the nSRS value can be changed as:
,
where  and  are total slot numbers within a radio frame and slot index for subcarrier spacing configuretion , respectivily, and  is SRS periodicity counted by the number of slots (See Table 4 in next section for proposal on  values). Further details on values  and  are given in [6]. Since the number of SRS transmission within a slot can be changed over SRS symbol number and repetition factor and the number of SRS transmission can counted differently over subcarrier spacing, we propose:
Proposal 4: nSRS counts the number of UE-specific SRS transmission and this value should be a function of subcarrier spacing configuration , SRS symbol number N∈{1,2,4}, and SRS symbol repetition factor r∈{1,2,4} where r≤N, e.g. by

In addition, we discuss on the transmit antenna selection formula for SRS antenna switching which is changed over nSRS value. We can reuse the LTE antenna selection formula for SRS antenna switching [5] and make some modification in order to support further enhancements in NR SRS antenna switching with configurations of (R, T)=(2,1), (4,1), and (4,2). Specifically, for a UE that support transmit antenna selection, the index , 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., ) as

and when frequency hopping is enabled (i.e., ) as

where  , values  , ,  are indicate SRS bandwidth, frequency hopping bandwidth, and the number of bth SRS bandwidth to make one (b-1)th SRS bandwidth respectively, and  (where  regardless of the  value).
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 , 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., ) as

· and when frequency hopping is enabled (i.e., )

where  , values  , ,  are indicate SRS bandwidth, frequency hopping bandwidth, and the number of bth SRS bandwidth to make one (b-1)th SRS bandwidth respectively, and  (where  regardless of the  value).
1.3 SRS configuration
In the last meeting, agreements on SRS bandwidth configuration were achieved. The remaining issue is SRS configuration for time resource. There are three types of SRS transmission that NR supports, periodic SRS, aperiodic SRS, and semi-persistent SRS transmission. As a starting point for SRS time resource configuration, we consider UE-specific SRS subframe configuration as in LTE. Note that NR supports only UE specific SRS configuration without cell specific configuration. 

Periodic SRS transmission
In LTE, SRS transmission is occurred in subframe basis and SRS time configuration is indicated to UE. However, it is reasonable to consider slot based SRS time configuration in NR rather than subframe basis according to NR frame structure. Table 4 shows the proposed UE specific SRS periodicity and slot offset configuration for periodic SRS transmission in FDD case. 
Table 4 An example of UE specific periodicity  and slot offset Configuration  for periodic SRS transmission, FDD
	SRS Configuration 
Index 
	SRS Periodicity
  (slot)
	SRS Slot Offset 

	Note

	0 – 1
	2
	ISRS
	LTE supported

	2 – 5
	4
	ISRS – 2
	Considering DL/UL configuration switching periodicity

	6 – 10
	5
	ISRS – 6
	LTE supported

	11 – 18
	8
	ISRS – 11
	Considering DL/UL configuration switching periodicity

	19 – 28
	10
	ISRS – 19
	LTE supported

	29 – 44
	16
	ISRS – 29
	Considering DL/UL configuration switching periodicity

	45 – 64
	20
	ISRS – 45
	LTE supported

	65 – 96
	32
	ISRS – 65
	Considering DL/UL configuration switching periodicity

	97 – 136
	40
	ISRS – 97
	LTE supported

	137 – 200
	64
	ISRS – 137
	Considering DL/UL configuration switching periodicity

	201 – 280
	80
	ISRS – 201
	LTE supported

	281 – 408
	128
	ISRS – 281
	Considering DL/UL configuration switching periodicity

	409 – 568
	160
	ISRS – 409
	LTE supported

	569 – 824
	256
	ISRS – 569
	Considering DL/UL configuration switching periodicity

	825 – 1144
	320
	ISRS – 825
	LTE supported

	1145 – 1656
	512
	ISRS – 1145
	Considering DL/UL configuration switching periodicity

	1657 – 2296
	640
	ISRS – 1645
	CSI-RS supported

	2297 - 4095
	reserved
	reserved
	



In Table 4, on top of table defined in LTE, firstly, we propose to add SRS periodicity of 640 (slot). Since SRS also can be used for beam management, similar to CSI-RS in DL, its periodicity has to include at least the same values as those defined in CSI-RS. Secondly, NR supports flexible UL/DL switching periodicity, such as 0.5ms/1ms/2ms/5ms/10ms. When considering the values of UL/DL switching periodicity and the number of slots corresponding to numerologies per UL/DL switching periodicity, for instance, in case of 2ms UL/DL switching periodicity, the number of slots per numerologies are equal to {2/4/8/16} slots. Therefore 4/8/16/32/64/128/256/512 slot periodicity can be considered. 
Meanwhile, in contrast with LTE, NR supports multiple symbols within a slot for SRS transmission even in FDD. We need a parameter to indicate how many symbols will be used for SRS transmission within configured slot (N∈{1,2,4},) and SRS symbol repetition factor r∈{1,2,4} where r≤N because Table 4 just provides the slot where SRS transmissions occurred. Parameters of N and r should be indicated in SRS configuration as well. Figure 1 shows an example of SRS slot configuration and SRS symbol configurations within configured slot. We propose to indicate N and r value by independent RRC signaling. 


Figure 1. An example of SRS slot configuration and SRS symbol configuration within a configured slot
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. 
Similar to FDD case, UE specific SRS periodicity and slot offset configurationbe defined for TDD case. In LTE, since symbol(s) located at UpPTS region is considered as SRS subframe, the table defined in LTE supported all combinations of symbols for SRS transmission within 5ms in case of 2ms-periodicity. However, we propose only slot based SRS configuration, which it is unnecessary to design new table for TDD. Thus, Table 4 can be reused for TDD case. Similar to LTE, it just provides the candidate slots for SRS transmission and the slot where SRS transmission happened is selected when the slot is configured as UL slot. 
Proposal 7: For TDD, Table 4 can be reused.
As we can configure used SRS symbols within a configured slot by SRS configuration, we do not have to consider a table of  for TDD defined in LTE. UE can transmit SRS on slot where slot index meets following equation:

,
where  and  are total slot numbers within a radio frame and slot index for subcarrier spacing configuretion , respectivily [6], and  and  are SRS periodicity and SRS slot offset as represented in Table 4 for FDD and Table 5 for TDD, respectively.
Proposal 8: UE can transmit SRS on slot where slot index meets following equation:
.
Aperiodic SRS transmission
In LTE, resource for aperiodic SRS is configured in RRC, but triggered in DCI. In NR, in order to allow more flexibility, aperiodic SRS can be triggered in a DL or an UL grant without time resource configuration by RRC. A UE configured for aperiodic SRS transmission upon detection of a positive SRS request in slot #n shall commence SRS transmission in the slot satisfying slot number #n+k, where k is configured by gNB considering UE capability.  
Proposal 9: Aperiodic SRS is transmitted based on DCI triggering only without RRC time resource configuration.   
Semi-persistent SRS transmission
Semi-persistent SRS transmission can be supported by suing SRS configuration for periodic SRS transmission proposed above. And it can be actived and de-activated by MAC CE signalling. We ‘do not have to design new tables for semi-persistent SRS transmission. 
Proposal 10: SRS time resource configuration for periodic SRS transmission can be reused for semi-persistent SRS transmission. Its activation and de-activation can be supported by MAC CE. 
After SRS time resource allocation, UE should know the actual symbol index for SRS transmission within a slot since a SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot. Therefore, we propose to indicate the starting symbol location for SRS transmission in a slot is signalled by RRC.
Proposal 11: The starting symbol location for SRS transmission in a slot should be indicated by RRC signaling. 
Conclusions
This contribution discusses on remaining issues on NR SRS and proposes the followings depending on the discussion:
Proposal 1: An additional SRS sequence generation scheme is not supported at least in Rel-15. 
Proposal 2: If group hopping is enabled, the base sequence number within the group is fixed into zero.
Proposal 3: SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.
Proposal 4: nSRS counts the number of UE-specific SRS transmission and this value should be a function of subcarrier spacing configuration , SRS symbol number N∈{1,2,4}, and SRS symbol repetition factor r∈{1,2,4} where r≤N, e.g. by

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 , 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., ) as

· and when frequency hopping is enabled (i.e., )

where  , values  , ,  are indicate SRS bandwidth, frequency hopping bandwidth, and the number of bth SRS bandwidth to make one (b-1)th SRS bandwidth respectively, and  (where  regardless of the  value).
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.
Proposal 8: UE can transmit SRS on slot where slot index meets following equation:
.
Proposal 9: Aperiodic SRS is transmitted based on DCI triggering only without RRC time resource configuration.   
Proposal 10: SRS time resource configuration for periodic SRS transmission can be reused for semi-persistent SRS transmission. Its activation and de-activation can be supported by MAC CE. 
Proposal 11: The starting symbol location for SRS transmission in a slot should be indicated by RRC signaling. 
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