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1 Introduction

In RAN1_NRadhoc, some agreements on NR SRS transmission were made [1]:
Agreements:

· NR supports periodic and semi-persistent NR-SRS transmission. 

· Note aperiodic SRS transmission has been agreed 

· Out of K ≥ 1 configured NR-SRS resources:

· For aperiodic transmission, the UE can be configured to transmit a subset of or all K NR-SRS resources with no precoding, the same or different precoding

· For periodic and semi-persistent transmission, the UE can be configured to transmit K NR-SRS resources with no precoding, the same or different precoding

· FFS details related position & timing of SRS transmission (including configurable)

· NR supports SRS transmission including 

· Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values)

· Comb levels are 2 and 4

· Configurable frequency hopping (details FFS)

· Clarify the following agreed configurations are applicable to each NR-SRS resource from K configured NR-SRS resources:

· NR-SRS bandwidth

· Number of CP-OFDM/DFT-S-OFDM symbols

· Number of SRS ports

· Comb level 
For Sounding Reference Signal (SRS), the function of CSI acquisition and beam management are agreed. Base on these available conclusions, we share our further considerations on SRS configuration and transmission for NR in this contribution.
2 Discussion
SRS is used for gNB to obtain uplink channel station information (CSI). Also the gNB can estimate downlink CSI via channel reciprocity based on uplink SRS sent by users, and then use it to generate beam forming vectors or matrices for downlink transmission. When SRS is designed for NR, some details on SRS configuration and transmission should be further considered.
2.1 Multiple numerologies for SRS 
The sparser RS density will lead to unbearable channel estimation performance; the denser RS density will cause high RS overhead. In current LTE systems, the time-frequency density design of SRS allocation mainly depends on the worst-case scenario. NR system is supposed to support from sub 6GHz up to 100GHz frequency bands, and it is envisioned that NR will support various deployment scenarios, different use cases and multiple numerologies, i.e., multiple sub-carrier spacing. In order to meet these requirements with reasonable SRS overhead and proper channel estimation performance, NR needs to support multiple numerologies for SRS transmission from one UE, which has been agreed in last RAN1 meeting that numerologies can be configured to UE. A UE may be configuring for different numerologies, for example when considering the use case such as the coexistence of high and low frequency network or multi connectivity systems, larger sub-carrier spacing can be used for SRS transmission in higher frequency and smaller sub-carrier spacing can be used for SRS transmission in lower frequency by the same UE. Therefore we have to the following proposal:
Proposal 1: NR should support the gNB configuration of multiple numerologies for SRS transmission to an UE. In addition, simultaneous transmission of different numerologies on different component carriers by an UE is also supported especially considering the coexistence of high and low frequency network or multi connectivity systems.
2.2 SRS transmission periodicity
It has been agreed that NR supports periodic, aperiodic and semi-persistent NR-SRS transmission. 
With periodic SRS transmission, the high layer signaling configures the periodicity, which may be relatively large considering the RS overhead. The configuration of periodic SRS is semi-static and fixed. 
With aperiodic SRS transmission, a DCI format is needed to trigger each transmission. The triggering of aperiodic SRS transmission may not be quite often considering the DCI overhead. The configuration of aperiodic SRS is dynamic and most flexible.
Semi-persistent SRS transmission is considered to be a tradeoff between periodic and aperiodic transmission, whose configuration can be semi-static using higher layer signaling but the trigger can be dynamic by using DCI. Compared with periodic transmission, the RS overhead can be reduced since the transmission only lasts for a finite duration. Compared with aperiodic transmission, the DCI overhead can be reduced since multiple SRS transmissions are triggered by one DCI. Regarding the release of the semi-persistent transmission, explicit indication in DCI is the most direct way. On the other hand, to further reduce the DCI transmission, a counter can be configured in the higher layer configuration parameters (details up to RAN2), thus when the SRS transmission exceeds the counter, UE can end the SRS transmission without receiving a release DCI.
Proposal 2: The implicit/indirect indication to release semi-persistent SRS transmission should be considered in NR.
2.3 Wideband and sub-band SRS resource configuration
In LTE systems, only the last symbol in the configured subframe is used for SRS transmission. There are two kinds of SRS schemes as described in LTE/LTE-A, one is full bandwidth scheme which allows each user to send SRS on the whole bandwidth; the other is subband scheme which allows each user to send SRS only on some specified subbands. In last meetings, the discussion on SRS transmission with a partial-band is supported. The size of partial-band is FFS. For NR, the flexible sounding in frequency can be supported by configurable SRS bandwidth. Wideband and subband SRS sounding can be used according to gNB configuration.

[image: image1.emf]Time: OFDM Symbol

Frequency: subcarrier

Wideband SRS

Subband SRS

Periodic/

semi-persistent SRS

Periodic/AperiodicSRS


Fig.1 A two-stage SRS transmission operation (hybrid wideband and subband)
A two-stage SRS transmission operation is illustrated in Fig.1. The first stage is periodic/semi-persistent wideband SRS transmission, while the periodicity can be relatively long. The function of wideband SRS is to provide a rough wideband CSI to gNB. The second stage is aperiodic subband SRS transmission. The gNB may config/trigger subband SRS based on the channel information obtained from the first stage.
It is not clear yet whether the linkage between the two stages should be specified or not. Although standard transparent operation is always possible, it is still necessary to carefully investigate the benefit of specification-based two-stage SRS transmission. Therefore it is proposed that:

Proposal 3: In NR, support two-stage SRS operation (periodic/semi-persistent wideband + aperiodic subband). Further investigate if it is necessary to specify the linkage between the two stages.
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Fig.2 SRS transmission when beam change in gNB and/or UE side
In multi-beam based transmission, the beams may be changed during the transmission due to UE movement or channel variation. As shown in Fig.2, the possible transmission beam may change from beam 1 to beam 2 when UE rotates. The gNB receives beam-related measurement quantities from UE, when the RSRP/RSRQ of the current SRS transmission beam degrades and a new beam with reasonable quality is reported within the interval of two wideband periodic SRS transmissions, the gNB can configure an aperiodic wideband SRS transmission. Then the UE transmits SRS using the updated new beam for gNB to acquire wideband UL channel information as shown in Fig.3. In this case, the aperiodic wideband SRS transmission is used to support beam switching, followed by aperiodic subband SRS transmission based on the aperiodic wideband SRS. Therefore, it is proposed that 
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Fig.3 SRS transmission for beam management
Proposal 4: Within the two-stage SRS framework, the aperiodic wideband SRS transmission for beam switching can be supported. 
3 Conclusions
In this contribution we mainly further discussed some considerations on SRS configuration and transmission for NR, we have following proposals:
Proposal 1: NR should support the gNB configuration of multiple numerologies for SRS transmission to an UE. In addition, simultaneous transmission of different numerologies on different component carriers by an UE is also supported especially considering the coexistence of high and low frequency network or multi connectivity systems.
Proposal 2: The implicit/indirect indication to release semi-persistent SRS transmission should be considered in NR.
Proposal 3: In NR, support two-stage SRS operation (periodic/ semi-persistent wideband + aperiodic subband). Further investigate if it is necessary to specify the linkage between the two stages.

Proposal 4: Within the two-stage SRS framework, the aperiodic wideband SRS transmission for beam switching can be supported. 
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