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Introduction
Pertinent agreements made on NR SRS in RAN1#90 [1] can be summarized as follows:
	Summary of agreements and working assumption:
· (Working assumption) SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR
· FFS On the set of supported SRS bandwidths
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier
· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not
· Option 1-1: symbol level TDM
· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH
· Otherwise prioritize SRS
· FFS the case of FDM SRS and short PUCCH
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource, at least the following is supported:
· Within the resource, each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols 
· FFS for the case with frequency hopping depending on RAN4 LS reply
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)
· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner
· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods
· Note that the design shall consider the maximum allowed bandwidth of a BWP
· Support antenna switching for SRS transmission within a carrier for the following UE antenna configuration:
· UE configured with 2Tx (transmit antenna ports)
· UE configured with 1Tx (transmit antenna ports)
· Note: 1Tx and 2Tx is dependent on UE’s capability for SRS transmission
· FFS: details


Based on the agreements and working assumption listed above, in this contribution, we discuss on SRS for NR including SRS sequence design, SRS antenna switching, collision between SRS and short PUCCH, and SRS configuration.
Remaining details on SRS
SRS sequence design

In RAN1#90 meeting [1] it was encouraged to evaluate the performance SRS sequence for the maximum bandwidth supported by NR by using LTE SRS sequence generation principle. Figure 1 shows the PAPR of group sequence depending on the maximum sequence length of LTE and NR, respectively. Specifically, we have generated two sequences, one with lengths of 96 RB for LTE and another one with length of 272 RB  for NR. In addition, comb type 2 allocating and setting of group hoping to 0 () are assumed. 
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Figure 1. PAPR of group sequence.
As can be seen in Figure 1, overall PAPR characteristic with group sequence between two sequences are almost similar. Even though SRS sequence increases to 272 RB length and FFT size increases as well, the PAPR of that sequence is not greater than conventional SRS sequence of LTE. 
Plus, Figure 2 shows the Instantaneous-to-Average power Ratio (IAR) comparison between above two sequences. Although PAPR has been a widely discussed metric to quantify the dynamic range of a signal, it represents worst sample during measurement. That is, it is not representative of all signal samples during measurement so that using only PAPR is insufficient. In this regard, Figure 2 shows the CCDF of IAR reflecting more accurately the characteristics of the sample population [3]. 
[image: ][image: ]
Figure 2. IAR comparison of different sequence lengths (96 RBs vs. 272 RBs)
Another metric for representing characteristic of sequence is Cubic Metric (CM). CM is the metric of the actual reduction in power capability of a typical power amplifier. This is a more effective predictor than the PAPR. Note that in order to calculate CM, W-CDMA signal is used as reference to calculate the power de-rating value. Since there is big difference in terms of signal BW compared to W-CDMA, we used relative CM [4].  
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Figure 3. Relative CM between two sequences 
In Figure 3, we can see the range of CM between two sequences is almost same, which increasing the length of the sequence is not harm to CM. Through above simulation results, extended sequence based on LTE sequence can be adopt easily in NR in term of PA power de-rating.  
Observation 1: In the PA power de-rating aspect, extended SRS sequence for NR based on LTR SRS sequence generation principle has similar characteristics compared to the conventional LTE SRS sequence.
In RAN1 NR#2 meeting [2], it was agreed to support at least an LTE-like SRS sequence generation scheme. 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. Therefore, we propose:
Proposal 1: Further justify the necessity to support additional SRS sequence generation schemes in NR.
SRS antenna switching
In RAN1 NR#2 meeting [2], it was agreed to support antenna switching for SRS transmission in NR. In LTE, 2Rx UE was considered as a main configuration and only 2Tx switching was supported when UE cannot sound all antennas at the same time. However, 4Rx UE will be an important configuration in NR. In this aspect, both 2Tx and 4Tx switching for SRS transmission should be supported in NR. Therefore, we propose:
Proposal 2: Support both 2Tx and 4Tx switching for SRS transmission.
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 [5] 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 [1], 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 examples of 4Tx antenna switching 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)=(4,1) is given in Table 1. In this table, 16 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 16 in Table 1 with (N, M)=(4,1).
Table 1 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


Next, an example of (N, M)=(4,2) is given in Table 2. 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 1.
Table 2 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 Table2, 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 addition, 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: For SRS antenna switching, SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.
Collision between SRS and short PUCCH
NR SRS can be transmitted over multiple symbols in a slot and NR UL short control channel (short PUCCH) can be transmitted in the last one or two slot symbol(s). So, from a single UE’s perspective, SRS transmission may collide with short PUCCH. In RAN1#90 meeting [1], symbol level TDM was agreed to avoid such collisions. Specifically, by symbol level TDM UEs can transmit SRS in other slot symbols, e.g., slot symbols immediately before the last one or two slot symbol(s) used for transmissions of short PUCCHs. This requires that UEs with SRS transmissions are either aware of transmissions of short PUCCHs in each respective slot and the location of SRS transmission symbol(s) can vary depending on the number of short PUCCH symbols, if any, or that SRS transmission symbol(s) are configured to be prior to last one or two slot symbol(s) that can be potentially used for transmissions of short PUCCHs. Therefore, we can think of other alternatives for avoid collision between SRS and short PUCCH. First of all, short PUCCH and SRS can span a part of BW (bandwidth part or sub-bands) and such collisions may be avoided by FDM, e.g., the use of different sub-bands for transmissions of NR-SRS and short PUCCH. Then, NR-SRS transmission can be on sub-bands that are different from the sub-bands used for UL short control channel transmissions. However, FDM of SRS and short PUCCH for UCI of 1 or 2 bits may not be possible because single-carrier property is lost (short PUCCH for UCI of 1 or 2 bits has to keep PAPR low). Also, FDM of SRS and short PUCCH for UCI of more than 2 bits may not be possible because there would be potential power differences between SRS and short PUCCH. So, if SRS transmission should be performed in same symbol(s) as the short PUCCH, it would be desirable to drop SRS because control channel needs to be protected. In this aspect, we propose:
Proposal 4: Consider SRS dropping as a supplementary scheme for avoiding collision between SRS and UL short control channels and UL short control channel is prioritized over SRS.
SRS configuration


In RAN1#90 meeting [1], it was agreed that NR supports UE specific configured bandwidth based on tree-like SRS bandwidth sets. In LTE, there are two types of SRS configuration, cell-specific SRS configuration from SIB and UE-specific configuration from RRC. Cell specific configuration from SIB reserves time/frequency SRS resource for all UEs in a cell. The cell-specific parameter srs-BandwidthConfig,  denotes the entire SRS bandwidth for each uplink bandwidth. There are four tables on SRS bandwidth configuration from SIB depending on the size of Uplink RB. Table 3 shows the SRS bandwidth configuration from SIB for  in LTE as an example.

Table 3 SRS bandwidth configuration from SIB for the uplink bandwidth of 
	SRS bandwidth configuration


	
SRS-Bandwidth

	
SRS-Bandwidth

	
SRS-Bandwidth

	
SRS-Bandwidth


	
	

	

	

	

	

	

	

	


	0
	96
	1
	48
	2
	24
	2
	4
	6

	1
	96
	1
	32
	3
	16
	2
	4
	4

	2
	80
	1
	40
	2
	20
	2
	4
	5

	3
	72
	1
	24
	3
	12
	2
	4
	3

	4
	64
	1
	32
	2
	16
	2
	4
	4

	5
	60
	1
	20
	3
	4
	5
	4
	1

	6
	48
	1
	24
	2
	12
	2
	4
	3

	7
	48
	1
	16
	3
	8
	2
	4
	2






In NR, system bandwidth that is much wider than the bandwidth supported by an UE is considering. The bandwidth supported by UE-specifically are different one another. Similar to LTE, SRS transmission in UE specific configured bandwidth can be easily configured by adopting UE-specific . That is, gNB can configure one of SRS bandwidth configuration corresponding bandwidth supported by each UE. In addition to , parameter representing the number of supportable RBs,, also can be UE-specific configured. Depending on bandwidth supported by UE and supportable number of RBs, gNB can choose proper table for SRS transmission (e.g. 4 tables are defined in LTE depending on ). 






Proposal 5: LTE SRS bandwidth configuration parameters,, and  are reused for NR in a UE-specific manner where , , and indicate SRS bandwidth, UE SRS bandwidth, and the number of supportable uplink RBs, respectively, configured for an UE.


Also, we need to study whether or not to define granularity of SRS sequence length, (In LTE, x=0,…3),  in a given SRS bandwidth configuration. It is agreed that the minimum SRS bandwidth is 4RB but  seems insufficient to cover up to 272 RBs. Larger number of granularity of SRS sequence length can be considered.  
As we discussed above, frequency resource for SRS transmission is UE-specific configured in NR because NR SRS is transmitted in UE-specific bandwidth unlike LTE. But SRS configuration for resource in time domain can reuse the method defined in LTE. 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 4 shows an example on SRS resources depending on gNB Rx beam operation.


Figure 4. An example SRS resources depending on gNB Rx beam operation.




In Figure 4, 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 4. 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 way 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 5.


Figure 5. An example on SRS resource configuration.
Proposal 6: 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: Further justify the necessity to support additional SRS sequence generation schemes in NR.
Proposal 2: Support both 2Tx and 4Tx switching for SRS transmission.
Proposal 3: For SRS antenna switching, SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.
Proposal 4: Consider SRS dropping as a supplementary scheme for avoiding collision between SRS and UL short control channels and UL short control channel is prioritized over SRS.






Proposal 5: LTE SRS bandwidth configuration parameters,, and  are reused for NR in a UE-specific manner where , , and indicate SRS bandwidth, UE SRS bandwidth, and the number of supportable uplink RBs, respectively, configured for an UE.
Proposal 6: Time-resource for SRS for beam measurement is configured if UE requests.
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