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1 Introduction

At RAN1#86 meeting, it was agreed [1] to further study the RS for both the UL and DL:
“… Study RS pattern for CSI measurement in NR both for DL and UL
· Study the density of RS
· Study the position of RS in the [subframe]

· Study the mapping of RS in one or several symbols”
In this contribution we provide our views on the above listed studies for the uplink RS. 

2 Discussion 
In LTE, sounding reference signals (SRS) are transmitted on the uplink to allow for the base station to estimate the uplink channel state (CSI) at different frequencies to facilitate frequency-selective uplink scheduling. It can also be used for downlink CSI estimation and downlink scheduling when channel reciprocity is assumed. In NR, some notable differences with LTE are such as the use of uplink beams and CP based OFDM waveform. These different requirements and its impact on the RS designs are discussed in this section.
In [2], the various uplink measurements have been introduced and proposed for both the Active state as well as the newly considered RAN controlled state [3]. Its main benefits are the energy saving at the UE and reducing the mobility latency, especially advantageous in scenarios where the ratio of TRPs to UEs is relatively large such as dense network deployments. 
2.1 RS for Active and RAN Controlled States
For active state UEs, periodic SRS which is configured by RRC signalling and aperiodic SRS which is triggered by physical signalling DCI coupling with downlink data scheduling can be a starting point for further adaptation for NR. One drawback of SRS in LTE is that the aperiodic SRS triggering is coupled with data scheduling.  If the network want to trigger an aperiodic SRS to track the position/or acquire the CSI of one UE, a whole DCI should be transmitted, which would lead to a large overhead. Thus, a more flexible aperiodic NR SRS triggering should be studied. Note that the SRS triggering by group DCI has been agreed in WI ‘SRS carrier based switching for LTE’ in Rel-14 for SRS carrier based switching purpose. The group DCI could be introduced in NR to trigger the NR SRS of multiple UEs.

For the newly considered RAN controlled state UEs, the uplink RS should facilitate tracking of UE location and the Timing Advance (TA) measurement. As discussed in RAN2#94 [3], UEs in RAN controlled state should incur minimum signaling and minimize power consumption. In order to reduce the energy consumption, the UL tracking RS for RAN controlled state UE may not need to use so much resource as SRS does (at least 4 RB in LTE).  Therefore, the UL tracking RS, which is taking reduced resources, should be considered in NR to minimize energy consumption. 
Proposal 1: The design of uplink RS should adapt to the UE state, e.g., the Active state and the RAN Controlled state. 
2.2 Density of UL RS
In order to guarantee the uplink coverage, beam-formed NR SRS can be used in NR as an important candidate technology especially for high frequency with large propagation loss. Another advantage of beam-formed NR SRS for UL measurement is that the NR SRS suffers from similar equivalent channel to the data transmission, e.g., similar gain and paths. Moreover, beam-formed NR SRS reception can be used to further increase uplink coverage. 
Due to the limited beam width of each beam, beam-formed NR SRS cannot cover all directions. To support measurement on multiple beams for better performance, more NR SRS resources would be needed compared to single beam transmission. The tradeoffs could be the large NR SRS overhead and insufficient resources for UL data transmission within the same subframe. Techniques to reduce this overhead may involve reducing the number of SRS beam-directions at the UE and the TRP through exploiting the channel spatial sparseness and reciprocity.
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Figure 1: Reduced set of Beam direction at UE and TRP
Observation: In the case of beam-formed NR SRS, multi-beam based measurement may lead to higher overhead and latency comparing with single beam based measurement.
To further mitigate the impact of SRS overhead, the SRS symbols can be distributed into several contiguous subframes as shown in Figure 2 below. It provides a tradeoff between overhead per subframe and CSI acquisition delay. Both the number of NR SRS symbols per subframe and the number of contiguous subframes can be configurable and dynamic configuration is beneficial to flexible beam tracking/refinement.
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Figure 2 Multi-beam based SRS design

Furthermore, the density of NR SRS in frequency domain can be configured, according to the requirement in different use cases, which is illustrated in Figure 3. For example, higher frequency density is beneficial for high channel estimation accuracy, while lower frequency density is expected for more orthogonal SRS resources to accommodate more users. 
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Figure 3 Configurable frequency density of NR SRS
Proposal 2: The following design aspects of RS for beam management should be considered in NR:

· Multiple symbols in one or more consecutive subframe(s) can be configured for NR SRS transmission.

· Configurable frequency density of the NR SRS.  
2.3 Mapping of UL RS
With the use of CP-OFDM based waveform for both UL and DL at least for up to 40GHz compared to SC-FDMA SRS in LTE, different SRS mapping should be considered. In LTE, due to the DFT operation of UL data, resource of the SRS COMB is not allowed to transmit UL data when SRS is mapped on other COMB within the same bandwidth. However, for OFDMA-based SRS design, it is allowed to map SRS and data in the same symbol within the same bandwidth, improving the resource utilization. 

Furthermore, without the DFT, COMB SRS mapping is no longer required. Therefore, flexible RS mapping can be considered, further facilitating intra/inter cell UL interference management and CSI acquisition.
3 Conclusion

Based the discussions above, we have the following observations and proposals:
Observation: In the case of beam-formed NR SRS, multi-beam based measurement may lead to higher overhead and latency comparing with single beam based measurement.

Proposal 1: The design of uplink RS should adapt to the UE state, e.g., the Active state and the RAN Controlled state. 
Proposal 2: The following design aspects of RS for beam management should be considered in NR:

· Multiple symbols in one or more consecutive subframe(s) can be configured for NR SRS transmission.

· Configurable frequency density of the NR SRS.  
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