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1 Introduction
In RAN#86bis meeting the following agreements were made with respect to the SRS support for NR [1]:
	Agreements:
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
· FFS: NR supports multiple numerologies for SRS transmission from one UE



In this contribution we provide our views on SRS for NR MIMO regarding the sounding bandwidth, resource mapping and reference signal design. 
2. Discussion
		In LTE sounding reference signal (SRS) is primarily used for channel quality estimation for frequency selective UL scheduling. The SRS in LTE is based on the Zadoff-Chu sequences in order to achieve low PAPR. Further, in order to support frequency-selective scheduling, the SRS of different UEs may need to occupy different bandwidths with potential overlap while maintaining zero to low interference between the transmissions. Although, full bandwidth sounding provides the most complete channel information, the estimation performance degrades as the path-loss increases when the UE cannot further increase transmit power to maintain the transmission across the full bandwidth. The SRS in LTE is carefully designed to address all the above mentioned issues.
In NR there are additional challenges. For example, the system bandwidth of NR is much larger than in the LTE. The path loss at higher frequency bands in NR is significantly higher compared to the LTE bands, which necessitates the beam-forming mode of operation in high band. This is further complicated by hybrid antenna architectures with limited beam-forming flexibility. These aspects creates new design challenges in designing SRS for NR. In the following sections we discuss various design aspects of the SRS for NR system and provide few alternatives.
2.1 Sounding bandwidth and SRS structure
The choice of sounding bandwidth depends on many factors. The maximum power of a UE and its path loss. For example, a full band sounding would provide the most complete channel information, but the estimation performance degrades as the path-loss increases and may not be sufficient for effective frequency selective scheduling. Number of UEs supported for simultaneous sounding. The channel estimation performance, especially of the cell-edge UEs can be maintained by allowing partial band sounding with power boosting. In order to support sounding by different UEs in same band, with possibly different bandwidths and minimal interference, similar to LTE we can constrain the possible sounding bandwidths to be multiples of each other with few configurations. Such a tree-like allocation also permits frequency hopping of different narrow SRS bandwidths. The bandwidth of NR system is much larger compared to LTE, so in order to improve the SNR while allowing for wider band sounding and support a larger number overlapping and varying bandwidth SRSs transmissions, IFDMA structure for SRS is supported.
Proposal 1: NR supports configurable SRS bandwidth. The allowed allocations follow tree like structure, i.e., allowed bandwidths are multiples of each other. The LTE SRS bandwidth configurations can be used as a starting point, with further study for potential inclusion of new configurations.
Proposal 2: Frequency hopping of the sounding band is supported. 
Proposal 3: SRS structure supports IFDMA with at least time-domain repetition factor (RPF) equal to 4. Possible benefits of higher values of RPF for wider sounding bandwidth should be studied. 
As discussed earlier the PAPR performance of the SRS transmissions especially for cell-edge UEs is very crucial. In order to facilitate a low PAPR SRS partial sounding, band allocations of each individual UE panel is contiguous. Different panels can sound on different bands, with possible band hopping across time. 
Proposal 4: Sounding bandwidth allocation of individual UE panels is contiguous. Different panels can be configured with different sounding band, with band hopping if needed. 

2.2 Position and resource mapping
Hybrid antenna architectures are typical in NR systems due to their cost-performance benefit. Hybrid antenna architectures have more number of antenna elements than the number of RF-chains and the MIMO beam-forming is split between analog and digital domain. The analog component of beam forming is typically affected by phase only and is wide-band operation. Thus, if an antenna port is used for reception of SRS in a certain beam direction, it cannot receive any other information in a different beam direction. This limits the multiplexing capabilities of SRS with certain UE specific channels such as PUSCH in a given symbol. One alternative is to dedicate a complete symbol for SRS transmission.
Proposal 5: Dedicated symbol or symbols are used for SRS transmission.
The actual position of the SRS in a subframe can be towards the beginning or end of the sub-frame. The early transmission of SRS can enable possible beam alignment for the following symbols, while the later transmission results in more recent channel estimates for UL scheduling. 
Proposal 6: SRS symbols can be transmitted either towards to the early or later part of the configured sub-frame. 


2.3 Reference signal
As discussed earlier, the reference signal used for UL sounding need to achieve low PAPR, flexible sounding bandwidth assignments with minimal interference from other intra/inter cell/TRP UEs scheduled for transmitting SRS in the same symbol. 
2.3.1 Sounding bandwidth allocation dependent low PAPR sequences
In LTE the SRS, for sounding bandwidth  > 3, is based on the Zadoff-Chu (ZC) sequences. These sequences exhibit 0 dB CM, ideal cyclic autocorrelation and optimal cross-correlation. The ideal cyclic auto-correlation and optimal cross-correlation property results in minimizing the impact of an interfering signal from simultaneous SRS transmission by inter/intra cell/TRP UEs. At least one base sequence for each sounding bandwidth allocation size is assigned to a cell. Multiple orthogonal RS sequences for each allocation size are then derived from each base sequence by means of different cyclic time shifts of base sequence. Additional orthogonality of SRS from different UEs can be achieved using FDM scheduling via IFDMA comb structure of SRS.
Proposal 7: Similar to LTE, SRS for NR can be generated using sounding bandwidth allocation dependent ZC sequences. One or more base sequences of each sounding bandwidth configuration is assigned to the cell/TRP. Need for short sequences as well as short sequence design is FFS.

2.3.2 Sounding bandwidth allocation independent low PAPR sequences
Another option is to design a common constant modulus, low PAPR, low cross correlation sequence of size equal to the maximum allowed sounding bandwidth. The RS used by a UE is a subsequence, corresponding to the sounding band, of this common sequence. The RS orthogonality between multiple users scheduled on same comb and PRBs can be achieved using cyclic time shifts. One possible candidate are Golay sequences. Golay sequences are known to have low PAPR, good cross correlation properties with its frequency domain circularly shifted sequence. 
Proposal 8: Consider using a Golay sequences and its circular shifts as base sequence for each cell/TRP. A SRS used by UE is a subsequence of the base sequence assigned to its cell/TRP, with possible assigned time domain circular cyclic shift.

3. Conclusion
To summarize, in this contribution we provided our views about the issues involved in designing the SRS for NR MIMO. After detailed discussion of various aspects of SRS design, we made the following proposals:
 Proposal 1: NR supports configurable SRS bandwidth. The allowed allocations follow tree like structure, i.e., allowed bandwidths are multiples of each other. The LTE SRS bandwidth configurations can be used as a starting point, with further study for potential inclusion of new configurations.
Proposal 2: Frequency hopping of the sounding band is supported. 
Proposal 3: SRS structure supports IFDMA with at least time-domain repetition factor (RPF) equal to 4. Possible benefits of higher values of RPF for wider sounding bandwidth should be studied. 
Proposal 4: Sounding bandwidth allocation of individual UE panels is contiguous. Different panels can be configured with different sounding band, with band hopping if needed.
Proposal 5: Dedicated symbol or symbols are used for SRS transmission.
Proposal 6: SRS symbols can be transmitted either towards to the early or later part of the configured sub-frame. 
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