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Introduction
Pertinent agreements made on NR-SRS in RAN1 NR Ad-Hoc#2 [1] can be summarized as follows:
	Summary of agreements:
· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported
· Support antenna switching for SRS transmission within a carrier:
· FFS: Support at least [2Tx, 4Tx] switching
· From a UE perspective, NR supports one or both of the following options on a given carrier:
· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH
· Option 1-1 : symbol level TDM
· Option 1-2 : FDM
· Option 1-3 : both symbol level TDM and FDM
· FFS : details
· Note : other options are not precluded
· 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 
· NR supports at least the following SRS sequences 
· LTE SRS sequences
· Study further whether or not to additionally support the following for NR SRS sequence design:
· Opt-1: Truncated ZC design
· Set of [60] long ZC sequences designed for each of [5] different reference carrier bandwidths where the sequence length exceeds the carrier bandwidth before truncation 
· The portion of the truncated sequence corresponds to the SRS PRB location assigned to the UE 
· Ports on the same comb are separated by cyclic shifts which are repeated every n SRS REs, e.g. n=[8,12] 
· Opt-2: block-wise concatenation based ZC sequence generation.
· The number of blocks (e.g. 1, 2, …) and/or  block length (e.g. 4RBs, 8RBs, …) per each block is informed to UE 
· Alt1. the number of blocks and/or block length are configured by network. If 1 block is configured, SRS sequence for NR is the same as LTE SRS sequence
· Alt2. Implicit signaling  e.g. the number of blocks and block length are dependent on waveform. When DFT-S-OFDM is configured to UE, the number of block is one and the block length is equal to SRS BW; When CP-OFDM is configured, the number of blocks can be larger than 1. 
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots 
· To conclude during the next meeting
· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations
· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.


Based on the agreements listed above, in this contribution, we discuss on SRS for NR including SRS design, a potential collision issue between NR-SRS and short UL control channel transmissions, and SRS configuration.
NR-SRS design
NR-SRS should enable UL CSI calculation at gNB and, when applicable, DL CSI calculation at gNB. The second function holds for scenarios when DL-UL channel reciprocity can be assumed (e.g. TDD). This suggests that the maximum number of NR-SRS ports should be decided not only for UL CSI acquisition, but also DL CSI acquisition. Since a maximum of 8 layers will be supported for DL transmission, supporting 8 NR-SRS ports seems necessary. It has been agreed that a NR-SRS resource can span 1/2/4 adjacent OFDM symbols within one slot. NR-SRS transmission should support configurable symbol location. In LTE, SRS is always transmitted in the last OFDM symbol (or in multiple symbols in the UpPTS of a special subframe). In NR, configurable symbol location of SRS transmission should be supported. One motivation is for multi-symbol SRS transmission in one slot. The number of SRS symbol can be dynamically indicated for aperiodic SRS or configured by higher layers for semi-persistent or periodic SRS. The partition of the uplink part of the slot to uplink data, short PUCCH and NR-SRS should be dynamically determined implying dynamic and configurable timing of the first NR-SRS transmission.

NR-SRS transmission with frequency hopping is supported. That is useful for both use cases of UL/DL CSI acquisition and UL beam management. For UL and DL CSI acquisition, frequency hopping can be used to obtain wideband CSI. For UL beam management, frequency hopping can be used to obtain the wideband beam quality measurement of one UE Tx beam. Frequency hopping can happen across multiple CP-OFDM/DFT-S-OFDM symbols within one NR-SRS resource. One concern on multi-symbol NR-SRS resource is the phase noise in high frequency band (e.g., > 6GHz) system. The phase noise causes random phase shift along adjacent symbols. For UL and DL CSI acquisition, the subband CSI obtained from different symbols has random phase shift caused by phase noise and thus merging them to obtain wideband CSI could meet some issue. One solution could be to configure the subbands on adjacent symbols with some overlap so that the gNB can estimate the phase shift between adjacent NR-SRS symbols and then compensate it when merging subband CSI estimation. Another solution is to insert a phase noise reference signal component in an NR-SRS resource, which would enable the TRP to estimate and then compensate the phase shift across SRS symbols within one NR-SRS resource. For UL beam management, the beam quality measurement can be signal power type measurement, which does not rely on phase information. So merging subband beam quality measurement to obtain wideband beam measurement is not affected by the phase noise.
Proposal 1: NR-SRS should support:
· Eight antenna ports
· Dynamic/configurable symbol location of NR-SRS transmission
· Frequency hopping can be across symbols within one NR-SRS resource and the random phase shift across symbols should be considered
Power boosting is used to improve the SRS coverage in LTE. It should be supported in NR too. NR-SRS repetition can also increase the coverage. The NR-SRS repetitions should be transmitted in consecutive symbols to avoid the channel non-coherence among repetitions. Another concern is the phase noise in high frequency band system (similarly to the concern on frequency hopping). In high frequency systems, the random phase shift between symbols caused by phase noise cannot be ignored and it would cause issues if we combine those NR-SRS repetitions carrying random phase shift. The gNB needs to compensate the random phase shit before combining the repetitions. These two methods has different use cases. Power boosting can be used for long symbol case and repetition can be used for very short symbol case. It is proposed to support both alternatives to improve the coverage in NR. 
Proposal 2: Both power boosting and repetition are supported for NR-SRS coverage improvement
In the last meeting [1], 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 3: Further justify the necessity to support additional SRS sequence generation schemes in NR.
In the last meeting [1], 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. 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 [2] 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. For instance, for N=4, the maximum simultaneous SRS ports of each UE may be different and we can consider the support of M values such as M=1 and 2.  
Proposal 4: Support both 2Tx and 4Tx switching for SRS transmission.
Collision between NR-SRS and Short UL control channel
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, NR-SRS transmission may collide with short PUCCH. One approach to avoid such collisions is by TDM where UEs transmit NR-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 NR-SRS transmissions are either aware of transmissions of short PUCCHs in each respective slot and the location of NR-SRS transmission symbol(s) can vary depending on the number of short PUCCH symbols, if any, or that NR-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. 
Short PUCCH and NR-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 NR-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 NR-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 NR-SRS transmission should be performed in same symbol(s) as the short PUCCH, it would be desirable to drop NR-SRS because control channel needs to be protected. In this section, we propose:

Proposal 5: Consider TDM for avoiding collisions among NR-SRS and UL short control channels and if collisions happen in same symbol(s), SRS is dropped.
SRS configuration
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. Our companion contribution [3] introduces three mechanisms for UL beam measurement in details. For UL beam measurement, a UE should fix or switch its Tx beam during the period that one or multiple SRS symbols are transmitted depending on configured mechanism. In order to this, a UE can occupy time/frequency resource for one or multiple SRS transmissions. For SRS for CSI acquisition and SRS UL beam management transmissions, we can consider following two options. 
· Opt-1: Sharing SRS region between SRS for CSI acquisition and SRS for UL beam management
· Opt-2: Separate SRS for UL beam management form SRS for CSI acquisition
Figure 1. An example on SRS transmissions in Opt-1.
Figure 1 shows an example for SRS transmissions with Opt-1. Here, ‘A’ denotes the case that SRS for UL beam management and SRS for CSI acquisition happened in the SRS resource simultaneously, but they are multiplexed orthogonally in frequency domain. However, it is hard to operate TRP Rx beams during the period that two kind of SRS transmission happened because of different purpose of SRS transmissions. For example, for UL beam management, such as U-1 or U-2, TRP should sweep its Rx beam across multiple symbols. However, TRP also should fix its Rx beam for CSI acquisition while a UE transmits multiple SRS across symbols to transmit with frequency hopping or repetitions for coverage enhancement, and so on as represented in Figure 2. Therefore, orthogonal resource between SRS for UL beam management and SRS for CSI acquisition is preferred to operate Rx beams at TRP like ‘B’ and ‘C’ in Figure 1. In other words, above two different purposes of SRS transmissions cannot be multiplexed in the same SRS resource. 


Figure 2. An example on collision between SRS for UL beam management and SRS for CSI acquisition.
Observation 1: SRS for UL beam management cannot be multiplexed with SRS for CSI acquisition because of beam sweeping at TRP
Although TRP can utilize the orthogonal resource allocation between two different SRS transmissions by well-configured UE-specific SRS configuration, the simplest way to allocate orthogonal resources between SRS for UL beam management and SRS for CSI acquisition is define new cell specific SRS configuration for UL beam management  (Opt-2). In LTE, time/frequency resource which is reserved for SRS transmission is configured first by cell specific SRS configuration, which is not overlapped to the resource for other UL channel transmissions to secure SRS reception at TRP. In a given resources configured by cell specific SRS configuration, UE can transmit SRS according to UE-specific configuration. By using similar concept of SRS configuration in LTE, the orthogonal SRS resource for UL beam management can be configured by newly defined cell specific SRS configuration, which is different from cell specific SRS configuration for CSI acquisition. 


Figure 3. An example on SRS resource configuration depends on beam operation at TRP
Proposal 6: SRS configuration for UL beam management should be newly defined for orthogonal resource configuration from SRS for CSI acquisition.
Conclusions
In this contribution, Samsung’s view on NR-SRS design for new radio interface (NR) is presented. The following proposals are made:
Proposal 1: NR-SRS should support:
· Eight antenna ports
· Dynamic/configurable symbol location of NR-SRS transmission
· Frequency hopping can be across symbols within one NR-SRS resource and the random phase shift across symbols should be considered
Proposal 2: Both power boosting and repetition are supported for NR-SRS coverage improvement
Proposal 3: Further justify the necessity to support additional SRS sequence generation schemes in NR.
Proposal 4: Support both 2Tx and 4Tx switching for SRS transmission.
Proposal 5: Consider TDM for avoiding collisions among NR-SRS and UL short control channels and if collisions happen in same symbol(s), SRS is dropped.
Proposal 6: SRS configuration for UL beam management should be newly defined for orthogonal resource configuration from SRS for CSI acquisition.
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