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1. Introduction
In NR (New RAT) system design [1], channel estimation accuracy would be more important in order to meet high performance requirement based on MIMO technique. In this contribution, we discuss some consideration points on the design of UL sounding reference signal (RS) for NR, in terms of resource multiplexing and transmission structure of UL sounding RS. 

Discussion 
1.1. Basic structure of UL sounding RS
In current LTE system, basically, SC-FDM is only employed as the UL transmission scheme to reduce PAPR, and SRS which is generated by CAZAC sequence with low PAPR is used for UL channel estimation purpose. SRS resource is dimensioned by allocating different PRB index or different cyclic shift or different transmission comb, and SRS transmission from a UE consists of contiguous PRBs for maintaining low PAPR.
In NR system, accurate UL channel estimation in time and frequency grid would be important for performance improvement of UL itself to meet high NR requirement and also important for reliable transmission of UCI feedbacks (e.g. HARQ-ACK, CSI) related to DL scheduling. SRS in LTE could be considered as one of the candidates for UL sounding RS even for NR, however it should be required for UL sounding RS design to investigate the features of NR system compared to LTE. 

 According to consideration on deployment of small cells and improvement of UE implementation in NR, it being investigated to introduce OFDM as an UL transmission format in NR. With this OFDM, PAPR issue in UL could be relaxed at least for certain (e.g. high-end, cell-center) UEs or under small cell coverage. However, the PAPR might still be issue for other (e.g. low-end, cell-edge) UEs or under large cell coverage, and thus SC-FDM would also need to be adopted for UL transmission even in NR environment. 
Besides, considering forward compatibility and flexible UL/DL configuration for dynamic TDD operation in NR, it would be desirable to minimize periodic UL/DL transmission in NR. In this sense, periodic UL sounding RS transmission (based on frequency hopping) is to be reduced or not supported, and thus aperiodic UL sounding RS transmission (over wideband) could be more important or utilized compared to current LTE. However, UL wideband transmission may require more UE power even for the power-limited situation. 

Regarding the features of NR in the above, the following aspects could be considered in design of UL sounding RS for NR. 

● Signal composition
[bookmark: _GoBack]In the aspect of signal composition for UL sounding RS in NR, two approaches can be considered: Alt 1) single long sequence based RS, or Alt 2) multiple short sequence based RS. Alt 1 is the same with current LTE in the aspect that a single sequence (e.g. CAZAC) is transmitted by a UE which is spanning over entire UL sounding RS band configured for the UE. In case of Alt 2, unlike current LTE, a single UL sounding RS transmission by a UE can consist of multiple short sequences each of which is spanning over a fraction of entire band configured for the UE, and the concatenated multiple sequences are transmitted simultaneously, as shown in Figure 1. Compared to Alt 1, Alt 2 could be useful to multiplex UL sounding RSs with different transmission BW while PAPR may be able to increase. 


Figure 1: An example of multiple short sequence based UL sounding RS

● Resource structure
In the aspect of resource structure for UL sounding RS in NR, two approaches can be considered: Alt 1) localized RE(G) based RS, or Alt 2) distributed RE(G) based RS. Alt 1 is the same with current LTE in the aspect that consecutive REs in frequency domain are used for a single UL sounding RS transmission. In case of Alt 2, unlike current LTE, a single UL sounding RS resource can consist of distributed (not consecutive in frequency domain) RE(G)s, and the distributed RE(G)s can be transmitted at the same time. Compared to Alt 1, Alt 2 could be beneficial for wideband UL sounding RS transmission by reducing the required UE power while PAPR may be able to increase. 
● Transmission location
In the aspect of transmission location for NR UL sounding RS, two approaches can be considered: Alt 1) located in certain (e.g. last) symbol, or Alt 2) mapped within UL data region (e.g. like CSI-RS in LTE). Alt 1 could be the same with current LTE in the aspect of TDM based multiplexing between UL sounding RS and UL data channel. In case of Alt 2, unlike current LTE, the component REs of UL sounding RS can be mapped to certain symbol (or RE position) within UL data resource region. Considering only Alt 1 as UL sounding RS location for NR, resource capacity of the RS could be insufficient or triggering of the RS by eNB could be restricted since the last symbol is also considered for UL control channel transmission in NR system design. In this sense, Alt 2 could provide additional resource for UL sounding RS transmission and a unified design of the RS for CSI acquisition purpose is possible for DL and UL while potential rate-matching around UL sounding RS might be required for UL data channel transmission. 

Based on the above observations, it is necessary to investigate the aspects of signal composition, resource structure, and transmission location for the design of UL sounding RS for NR, with consideration of resource multiplexing, UE power consumption, PAPR, and RS resource capacity. 

Proposal #1: Study the aspects of signal composition, resource structure, and transmission location for design of UL sounding RS for NR, with consideration of resource multiplexing, UE power consumption, PAPR, and RS resource capacity.

1.2. Consideration on UL beam tracking
In NR design, it would be necessary to consider introduction of analog (or hybrid) beamforming based operation, in particular for high frequency band (e.g. above 6 GHz). With this analog beamforming, eNB TX-beam sweeping (e.g. TDM between different eNB TX-beams) may require to be done at least for the transmission of synchronization signal (e.g. PSS/SSS in LTE) and broadcast system information (e.g. PBCH in LTE), in order to serve the UEs located in different area (or beam direction). Based on this, UE may need to search the best one (i.e., serving beam) among multiple (TDMed) eNB TX-beams, and then the UE may able to operate in network based on the serving beam. 

On the other hand, DL/UL channel reciprocity (in beam level) may not always be guaranteed due to several reasons such as different beam selection criteria between TX-beam (e.g. considering signal strength) and RX-beam (e.g. considering interference mitigation) in the eNB, antenna configuration mismatch, radio channel variation, asymmetric interference between UL and DL, and duplex distance [2]. Moreover, if beam tracking for the update of serving beam is designed to be done only based on eNB TX-beam sweeping of certain DL RS transmission, it could be burden for eNB in some situations to configure DL resource for the DL beam tracking procedure in case of reciprocity of DL/UL channel (beam). For the above reasons, it would be necessary to consider UE TX-beam sweeping based UL beam tracking operation by using UL sounding RS transmission. 

Proposal #2: Study UE TX-beam sweeping based UL beam tracking operation by using the UL sounding RS transmission, with consideration of potential non-reciprocity situation of DL/UL channel (beam).

Conclusions
In this contribution, we discussed some consideration points on the design of UL sounding RS for NR system, and the followings are proposed:

Proposal #1: Study the aspects of signal composition, resource structure, and transmission location for design of UL sounding RS for NR, with consideration of resource multiplexing, UE power consumption, PAPR, and RS resource capacity.
Proposal #2: Study UE TX-beam sweeping based UL beam tracking operation by using the UL sounding RS transmission, with consideration of potential non-reciprocity situation of DL/UL channel (beam).
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