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Introduction
Pertinent agreements made on NR SRS in RAN1 NR#3 meeting [1] can be summarized as follows:
	Summary of agreements:
· 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
· SRS ports more than 4 per SRS resource is not supported in Rel-15
· 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
· 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
· NR supports C_SRS and B_SRS to be UE-specifically configurable 


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
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. 
SRS antenna switching
In RAN1 NR#2 meeting [2], it was agreed to support antenna switching for SRS transmission in NR. Also, NR#3 meeting [1], it was agreed that at least 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. However, in NR 4Rx UE is considered as a main configuration and 4Tx (in the case of UE with 1T4R) also should be supported when UE cannot should all antennas at the same time. In this aspect, we propose:
Proposal 2: At least for UE is not capable for UL MIMO, single SRS antenna port to 4 antenna switching for SRS transmission with in a carrier is supported.
In general, for the case that N>M where gNB needs to measure the channel from N antenna ports of UE, and the UE can only transmit SRS on maximal M 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. Our companion contribution [3] provides related discussion on reciprocity based operation in more details. In order to improve the performance of SRS antenna switching, when N>M, multiple (N, M) values need to be considered in NR. In RAN1#90 meeting [4], it was agreed to support M=1 and 2. Therefore, in NR UE can transmit up to 2 SRS port simultaneously in a time. Specifically, we provide antenna switching examples of (N, M)=(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 (N, M)=(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 (N, M)=(2,1).
Table 1 An example of antenna switching with SRS frequency hopping, (N, M)=(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 (N, M)=(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, (N, M)=(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 (N, M)=(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, (N, M)=(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 and 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.
SRS configuration



In LTE, four different SRS bandwidth tables can be configured depending on UL bandwidth configuration (indicated by value of). Unlike LTE system, in NR bandwidth can be much wider than the configured bandwidth to a UE. Therfore, gNB can configure different SRS bandwidth to each UE according to UE-specific supportable bandwidth and we do not need to consider  value in the SRS bandwidth table any more. In this aspect, it is sufficient to have single table for SRS bandwidth configuration which includes all combination of supportable bandwidths from 4 to 272 RBs. Specifically, in Table 4, we provide single table for UE-specific SRS bandwidth configuration in NR. For the number of RBs less than or equal to 96, we can reuse values defined in LTE. For the number of RBs larger than 96 RBs, we can add more entries by using similar concept to LTE. Table 4 includes supportable bandwidths from 4 to 272 RBs. 5 bits of  are used for UE-specific SRS bandwidth configuration.
Proposal 4: Support single table for UE-specific SRS bandwidth configuration in NR.
Table 4 Single table for UE-specific SRS bandwidth configuration
	SRS bandwidth configuration


	
SRS-Bandwidth

	
SRS-Bandwidth

	
SRS-Bandwidth

	
SRS-Bandwidth


	
	

	

	

	

	

	

	

	


	0
	4
	1
	4
	1
	4
	1
	4
	1

	1
	8
	1
	4
	2
	4
	1
	4
	1

	2
	12
	1
	4
	3
	4
	1
	4
	1

	3
	16
	1
	4
	4
	4
	1
	4
	1

	4
	20
	1
	4
	5
	4
	1
	4
	1

	5
	24
	1
	4
	6
	4
	1
	4
	1

	6
	32
	1
	16
	2
	8
	2
	4
	2

	7
	36
	1
	12
	3
	4
	3
	4
	1

	8
	40
	1
	20
	2
	4
	5
	4
	1

	9
	48
	1
	24
	2
	12
	2
	4
	3

	10
	48
	1
	16
	3
	8
	2
	4
	2

	11
	60
	1
	20
	3
	4
	5
	4
	1

	12
	64
	1
	32
	2
	16
	2
	4
	4

	13
	72
	1
	36
	2
	12
	3
	4
	3

	14
	80
	1
	40
	2
	20
	2
	4
	5

	15
	96
	1
	32
	3
	16
	2
	4
	4

	16
	96
	1
	48
	2
	24
	2
	4
	5

	17
	108
	1
	36
	3
	12
	3
	4
	3

	18
	120
	1
	60
	2
	20
	3
	4
	5

	19
	128
	1
	64
	2
	16
	4
	4
	4

	20
	144
	1
	48
	3
	16
	3
	4
	4

	21
	160
	1
	80
	2
	20
	4
	4
	5

	22
	192
	1
	96
	2
	24
	4
	4
	6

	23
	192
	1
	64
	3
	16
	4
	4
	4

	24
	216
	1
	108
	2
	36
	3
	4
	9

	25
	240
	1
	120
	2
	40
	3
	4
	10

	26
	240
	1
	80
	3
	20
	4
	4
	5

	27
	256
	1
	128
	2
	32
	4
	4
	8

	28
	272
	1
	136
	2
	44
	4
	4
	11

	29
	-
	-
	-
	-
	-
	-
	-
	-

	30
	-
	-
	-
	-
	-
	-
	-
	-

	31
	-
	-
	-
	-
	-
	-
	-
	-


Meanwhile, SRS bandwidth in Table 4 may not be able to cover whole UE-specific bandwidth since the bandwidth is quantized as specific value. For example, if a UE’s bandwidth covers 50 RBs, but UE can sound over 48 RBs only. For the sake of covering entire bandwidth, we can consider introducing an RB offset as represented in Figure 1. The RB offset is fully controlled by gNB and informed UE by UE-specific manner (ex., RRC or DCI signaling). Also, it is possible that bandwidth within bandwidth part is less than UE specific bandwidth. In order to sound UE bandwidth which is wider than bandwidth within bandwidth part, it is necessary to study schemes to cover entire bandwidth supported by UE. 
Proposal 5: It is necessary to study schemes to cover entire bandwidth supported by UE.
 [image: ]
Figure 1. An example for a case that SRS bandwidth compared to bandwidth supported by UE
In LTE, two types of SRS are defined; trigger type 0 which includes ‘single SRS transmission’ as well as ‘periodic SRS transmission and trigger type 1 for ‘Aperiodic SRS transmission’. Trigger type 0 is configured by RRC signalling and trigger type 1 is configured by RRC but triggered by DCI. Therefore, LTE uses 2-step approach for SRS time resource configuration by using both cell-specific and UE-specific configuration. The main reason why LTE adopts cell-specific SRS configuration in addition to UE-specific SRS configuration is that UE performs rate matching easily. All UEs in cell know which subframe has a symbol on where SRS is transmitted by cell-specific SRS configuration so that they can perform rate matching when PUSCH is scheduled in subframe that includes symbol for SRS transmission. However, cell-specific resource may occur gNB scheduling restriction. For example, short PUCCH can be triggered by DCI to UE dynamically, but it may not be allocated at subframe on where cell-specific SRS resource is configured. As long PUCCH also can be transmitted by UE-specifically within bandwidth in the bandwidth part, it is difficult to configure SRS resource by cell-specific configuration. In Table 4, we provided comparison of 2-step and 1-step (using UE-specific only) SRS time resource configuration. In order to provide more flexible gNB scheduling in NR, only UE specific SRS configuration for time resource should be supported. 
Proposal 6: NR supports UE-specific SRS configuration for time resource. 
Table 4 Comparison between 2-step SRS configuration and 1 step SRS configuration
	
	Pros
	Cons

	2-step SRS time resource configuration (Cell-specific + UE-specific)
	- Easy to perform rate matching
- Easy to avoid collision between SRS and other signals/channel
	- gNB scheduling restriction
(e.g. short/long PUCCH transmission)

	1-step SRS time resource configuration (UE-specific only)
	- Provide gNB scheduling flexibility
	- gNB scheduling complexity increased (e.g. for avoidance collision between SRS and other signals/channel)


Also, for SRS configuration to determine time-resource for SRS transmission, we should consider that NR SRS can be used for UL beam measurement in addition to NR SRS for CSI acquisition. For UL beam measurement, multiple/repeated SRS transmissions are needed. For UL beam measurement, gNB should sweep its Rx beam or fix its Rx beams during the period that one or multiple SRS symbols are transmitted. Figure 2 shows an example on SRS resources depending on gNB Rx beam operation.
 [image: ]
Figure 2. An example SRS resources depending on gNB Rx beam operation.




[bookmark: _GoBack]In Figure 2, let’s assume the periodic SRS for CSI-acquisition is transmitted per every other symbol. gNB can receive the SRS from UE on where the SRS resource with the best beam pair, marked with 1, 3, 9, and 11 in Figure 2. However, if gNB sweeps it Rx beams across symbols, it cannot be guaranteed that the SRS transmitted from UE can be detected, marked with 5 and 7. SRS for UL beam measurement would be configured when UE doesn’t have beam correspondence while SRS for CSI-acquisition is always configured. In LTE, the UE specific subframe indices for candidate SRS transmission are decided by UE specific SRS periodicity(), subframe offset configuration(), the number of symbols in a given frame subframe(, for TDD case). In order to avoid collision between resources for CSI-acquisition and resources beam management, it is simple to define each parameter of  for CSI-acquisition and beam management. Thus, SRS for CSI-acquisition is configured by default and SRS for beam measurement would be configured as an optional feature as represented in Figure 3. In other word, SRS time resource for beam measurement should be configured when UE requests.
 [image: ]
Figure 3. An example on SRS resource configuration.
Proposal 7: Time-resource for SRS for beam measurement is configured if UE requests.
Conclusions
In this contribution, Samsung’s view on NR-SRS design is presented. The following proposals are made:
Proposal 1: An additional SRS sequence generation scheme is not supported at least in Rel-15. 
Proposal 2: At least for UE is not capable for UL MIMO, single SRS antenna port to 4 antenna switching for SRS transmission with in a carrier is supported.
Proposal 3: SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.
Proposal 4: Support single table for UE-specific SRS bandwidth configuration in NR.
Proposal 5: It is necessary to study schemes to cover entire bandwidth supported by UE.
Proposal 6: NR supports UE-specific SRS configuration for time resource. 
Proposal 7: Time-resource for SRS for beam measurement is configured if UE requests.
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