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Introduction
Pertinent agreements made on NR-SRS (sounding reference signal) in RAN1#89[1] can be summarized as follows:
	Summary of agreements and conclusions:
· ZC based sequences shall be used for NR SRS sequence design
· Regarding SRS sequence design, companies are encouraged to perform evaluations considering:
· Alt-1 SRS sequence generation is not a function of allocated PRB position
· Alt-2 SRS sequence generation is a function of allocated PRB position
· Aim to conclude next meeting
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC
· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling
· FFS: for combination of RRC and DCI
· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time
· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed
· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence
· FFS: sub-time-units for SRS (if supported),  SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.



This contribution addresses the design of NR-SRS, NR-SRS resource transmission, NR-SRS sequence generation, and a potential collision issue between NR-SRS and short UL control channel transmissions. 
NR-SRS design 
1 
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
It was agreed to use ZC based sequence for NR-SRS sequence design [1]. To compare two alternatives of SRS sequence design, we should consider minimum and deterministic CM particularly for operation with high carrier frequency. Minimum CM can improve UE power consumption, coverage, and/or channel estimation accuracy which is anyway the purpose of NR-SRS transmission. It is also important to have a deterministic CM because otherwise a gNB cannot know, based on a NR-SRS transmission, the SINR a UE experiences at a given BW. Alternative #2 discussed in RAN1 #89 [1] is resource or PRB location based generation method. Concatenation of multiple short sequences in frequency increases CM, introduces MPR, and it is complicated, and generally impossible, for a gNB to determine the actual SINR experienced by the UE. 
Proposal 3: Alt#1 is used for NR-SRS sequence design
Collision between NR-SRS and Short UL control channel
If the NR-SRS transmission has to be performed on the last one or two symbol(s) of the slot, NR-SRS transmission may collide with NR UL short control channel transmissions. 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 UL short control channels. This requires that UEs with NR-SRS transmissions are either aware of transmissions of UL “short” control channels in each respective slot and the location of NR-SRS transmission symbol(s) can vary depending on the number of UL short control 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 UL short control channels. As UL short control channel do not span all BW while SRS may span all BW and as FDM of UL data channel transmissions and UL short control channel transmissions is supported, this can result to a UE suspending and restarting UL data channel transmissions around NR-SRS transmission symbols which can be problematic due to UL power ramping down and up transients and due to phase discontinuities particularly for QAM-type modulations. 
Another approach to avoid such collisions is by FDM through the use of different sub-bands for transmissions of NR-SRS and UL short control channels. Then, NR-SRS transmission can be on sub-bands that are different from the sub-bands used for UL short control channel transmissions. Further, a NR-SRS transmission can span a BW that encompasses but avoids the UL short control channel BW in order to obtain timely channel estimates at the gNB. A possible single-carrier property is lost in that case but this can be acceptable as UEs transmitting NR-SRS with large BW are typically not power limited.
Therefore, both FDM and TDM among NR-SRS and UL short control channels need to be considered. FDM avoids resource waste when UL short control channel transmissions do not occupy the full UL system BW. TDM is needed to support multiple NR-SRS transmission symbols in a slot such as for increased NR-SRS multiplexing capacity, or for sounding from more antennas than the UE can simultaneously transmit from, or for beam sweeping, etc.

Proposal 4: Consider both TDM and FDM for avoiding collisions among NR-SRS and UL short control channels.
Discussion on SRS configuration
As discussed above, NR SRS can be used for UL beam measurement in addition CSI acquisition. For UL beam measurement, multiple/repeated SRS transmissions are needed to support some beam sweeping operation. There are three mechanisms for UL beam measurement as discussed in [2]. A UE should fix or sweep its Tx beam(s) across SRS transmission to support those mechanisms. In other words, a UE occupies time/frequency resource for one or multiple SRS transmissions. In LTE, time/frequency resource reserved for SRS transmission is not overlapped with the resource for other UL channel transmissions to secure SRS reception at gNB. Orthogonal resource for SRS transmission can be configured cell specifically, which means all connected UEs would not transmit PUSCH in the last OFDM symbol of the cell specific SRS subframe configured by cell specific SRS configuration in LTE. Also, multiple UEs can transmit SRS simultaneously within a SC-FDMA symbol on orthogonal time/frequency/sequence resource among multiple UEs, which is configured by UE-specific SRS configuration. 
Based on the previous agreements, NR supports UE-specific SRS numerology for SRS transmission. At this moment, it is hard to allocate orthogonal resource between multiple UEs who are utilized different UE-specific numerology for SRS transmission. For the sake of maintaining orthogonal multiplexing between SRS/SRS, SRS/other UL channel, it would be helpful to use reference numerology when SRS resource is configured, which means SRS resource in time domain can be occupied over N=1,2 or 4 adjacent OFDM symbol(s) within a slot in the reference numerology. Figure 1 shows an example on SRS resource which is configured by reference numerology within a slot.
Proposal 5: NR-SRS resource in time domain can occupy over N=1,2 or 4 adjacent OFDM symbol(s) within a slot in the reference numerology


Figure. 1 An example on SRS resource configured by reference numerology for multiple UEs
Please note that UE specific numerology for SRS transmission can be supported even though SRS resource is configured by reference numerology,
As we discussed in [2], the SRS resource overhead considering beam sweeping could be very high according to the number of Tx/Rx beams and the number of UEs. To reduce the overhead of SRS used for beam sweeping, sub-time unit in SRS can be considered as the one of solutions. For supporting sub-time unit for SRS, the following two alternatives can be considered: 
· Alt. 1 IFDMA 
· Alt. 2 Larger subcarrier spacing
Figure 2 shows the SRS structures of these two alternatives for sub-time unit. Note that IFDMA for sub-time unit can be considered as transmission comb. 


Figure. 2 Sub-time unit for SRS 
Since IFDMA which is identical to transmission comb is already supported, it can be used for sub-time unit for SRS. IFDMA structure is adequate for U-2 procedure that allows Rx beam sweeping due to no discontinuity during a symbol duration. In Alt. 2, both Rx beam and Tx beam sweeping can be supported as shown in figure 2. However, it sacrifices measurement performance due to relatively short CP size than that in Alt. 1. In Rx beam sweeping aspect, it is obvious that Alt. 2 is worse than Alt. 1. Thus, Alt. 2 can be considered to support U-3 procedure. In LTE, two kinds of UE-specific SRS configurations are defined, such as configuration for periodic SRS transmission, aperiodic SRS transmission and those configurations use same numerology. In NR, in order to support sub-time unit for SRS, each UE-specific can include its numerology for SRS transmission. The duration of SRS transmission in the reference numerology has L sub-time unit where L(=1,2,4,[8]) can be configured UE-specifically. 
Proposal 6: To reduce the overhead of SRS resource for beam sweeping, one SRS symbol in the reference numerology has L sub-time unit where L is configured UE-specifically
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: Alt#1 is used for NR-SRS sequence design
Proposal 4: Consider both TDM and FDM for avoiding collisions among NR-SRS and UL short control channels.
Proposal 5: NR-SRS resource in time domain can occupy N=1,2 or 4 adjacent OFDM symbol(s) within a slot in the reference numerology
Proposal 6: To reduce the overhead of NR-SRS resource for beam sweeping, one NR- SRS symbol in the reference numerology has L sub-time unit where L is configured UE-specifically
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