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1. Introduction
 In RAN1#87 meeting, the following agreements on SRS transmission for NR was made:
	Agreements:
· In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions
· Details FFS
· FFS details on how the set of port(s) and resources for SRS can be indicated by gNB
Agreements:
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).
· FFS the value of N
· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability
Agreements:
· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· FFS on the time duration/frequency span
· A UE can be configured with K ≥ 1 NR-SRS resources
· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K 


In this contribution, we discuss some consideration points on the design of UL sounding reference signal for NR based on the agreements.
Discussion
In our companion contribution [1], it is proposed to define two different types of SRS resources in terms of their different operational purposes, i.e. Type 1 for UL link adaptation, and Type 2 for UL beam management.
For UL link adaptation, three operational classes are listed such as Class A (UL-LA based on transmitting a non-precoded SRS), Class B (UL-LA based on transmitting precoded SRS(s)), and Class C (UL-LA based on transmitting a non-precoded SRS, and after that, transmitting a precoded SRS according to TRP’s indication).
On the other hand for UL beam management, Type 2 SRS resource should be separately defined to be used for preferred beam(s) selection and indication by gNB. After measuring transmitted SRS ports in Type 2 SRS resource, gNB may select preferred analog beam(s) to be used for applying to Type 1 SRS resource(s) or directly applying to UL data transmissions to be scheduled.
Proposal #1: NR should define two different types of SRS resources in terms of their different operational purposes, i.e. Type 1 for UL link adaptation, and Type 2 for UL beam management.

1.1. Discussion on SRS sequence design
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. 
 CP-OFDM is supported in NR as a UL waveform so that 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.
Generally, CAZAC sequence and pseudo random sequence would be candidates of NR SRS sequence. It is well known that CAZAC sequence shows better PAPR or CM performance than PN sequence. CAZAC sequence allows more TX power transmission by less Tx power back-off. Because UE transmission required with large power consumption such as transmission for whole band SRS or for cell edge UE is still necessary in NR whether UL transmission scheme is SC-FDMA or OFDMA for UL channel estimation, usage of CAZAC sequence in NR is more plausible. Also, for the case of coexistence with CP-OFDM UEs and DFTs-OFDM UEs, it would be desirable to design SRS pattern commonly applicable to both waveforms to manage UL interference more efficiently.
Besides, on OFDMA as UL transmission scheme in NR, elements of CAZAC sequence can even easily mapped to UL resources maintaining with PAPR or CM benefit.
[bookmark: _GoBack]Proposal #2: CAZAC sequence is preferable for NR SRS in the aspects of PAPR, and commonality for SRS sequence design.

1.2. Consideration on UL beam sweeping
DL/UL beam correspondence 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 gNB, antenna configuration mismatch, radio channel variation, asymmetric interference between UL and DL, and duplex distance. 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 
For UE Tx-beam sweeping, sounding RSs can be transmitted during multiple symbols triggered by network. It means that each UE’s Tx beam sweeps in every transmission of sounding RS symbol. Moreover, number of candidate UE Tx beams would be UE specific because of different capability or category of UE antennas and UE specific channel variation. Thus, for the purpose of UL beam refinement, such SRS resources should be configured flexibly, including partial-band or full band size.
Required number of SRS symbols within a slot should be determined for UL beam sweeping in NR. It is more common that number of UE Tx beams are far smaller than that of TRP Tx beams. In addition, it seems that full sweeping of UL beams may not frequently required because full or partial DL/UL beam correspondence assumption would be more common. Limiting the maximum number of SRS symbols within a slot would be desirable in order not to restrict UL scheduling as well. UL beam sweeping with larger number of beams can also be supported by conducting UL beam sweeping across multiple slots. Therefore, it seems sufficient to use a few SRS symbols to support UL beam sweeping. 
Proposal #3: It is desirable to limit the maximum number of SRS symbols for UL beam sweeping to a several symbols(e.g. 4) within a slot.

Conclusions
In this contribution, we discussed some points on the design of UL sounding RS for NR system, and the followings are proposed:
Proposal #1: NR should define two different types of SRS resources in terms of their different operational purposes, i.e. Type 1 for UL link adaptation, and Type 2 for UL beam management.
Proposal #2: CAZAC sequence is preferable for NR SRS in the aspects of PAPR, and commonality for SRS sequence design.
Proposal #3: It is desirable to limit the maximum number of SRS symbols for UL beam sweeping to a several symbols(e.g. 4) within a slot.
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