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1 Introduction

In RAN1 #86bis, some possible agreements on NR SRS transmission were made [1]:
Possible agreements:

· NR supports subband SRS transmission 

· Subband size can be configured

· Suband size can be equal to system bandwidth 
· FFS: Configuration of SRS transmission bandwidth

· FFS: Multiple subbands can be transmitted simultaneously
· Frequency hopping can be supported for subband transmission

· NR supports aperiodic SRS transmission

· NR supports at least one of followings 

· Periodic SRS transmission

· semi-persistent SRS transmission

· Network triggered SRS transmission is supported

· NR supports multiple numerologies for SRS transmission from one UE 

In this contribution, we share some considerations on flexible Sounding Reference Signal (SRS) configuration and transmission for NR.
2 Discussion
In LTE Rel-8 periodic SRS transmission is supported, and aperiodic SRS was introduced in LTE Rel-10. The enhancement of SRS was come up with in Rel-13. In the current LTE TDD beamforming systems, a BS estimates downlink CSI via channel reciprocity based on uplink SRS sent by users, and then use it to generate beamforming vectors or matrices for downlink transmission. So SRS has been a crucial part of LTE/LTE-A systems. 

The low RS density will lead to unbearable channel estimation performance; the high RS density will cause high RS overhead. In current LTE system, the time-frequency density 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. So it is important to study how to flexibly configure and transmit SRS with multiple numerologies, such as SRS density or patterns.
2.1 Configurable SRS density in time and frequency domain
For the various deployment scenarios and multiple numerologies, configurable density of SRS in time-frequency resource can be considered. One example is when the user moves fast, the channel changes fast and the user should send SRS with high density in time domain to help BS to obtain precise channel state information. When the user moves slowly, the channel changes slowly and the user can send SRS with low density in time domain, BS still can obtain the precise channel state information. That is to say, in order to reduce the SRS overhead, slow speed users could be configured with low SRS density and high speed users could be configured with high SRS density in time domain, at the same time the channel estimation quality could also be guaranteed.
Similarly, users at cell center could be configured with low SRS density in frequency domain and users at cell edge could be configured with high SRS density in frequency domain. 
Proposal 1: In order to reduce the SRS overhead as well as guarantee the channel estimation performance, configurable SRS density in time and frequency domain should be support in NR.
2.2 Dynamically schedule user to send SRS 
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. When users are multiplexed on the same time-frequency resource, each user can use a unique time-domain cyclic shift which helps the receiver to separate the signals. However, as the number of multiplexed users increases the cyclic shifts do not perfectly orthogonalize these SRS at BS side. Thus it will lead the serious interference and would cause channel estimation errors. Especially with high user density in NR system, the capacity will become more limited, that is to say, orthogonal resources have to be allocated to users with simultaneous SRS transmission to reduce interference and guarantee channel estimation accuracy. Thus, in order to support more users on the limited resource, dynamically scheduling users to send SRS should be considered in NR.  
In the following, we will introduce one example on how BS dynamically scheduling users to send SRS. Assume only 3 users are multiplexed on the same time-frequency resource, these 3 users periodically/aperiodically reported their CQIs and the reporting period is configurable. The BS judge whose CQI is the best on each subband. At the next moment, BS can schedule the user to send SRS only on subbands with the best CQIs. As Fig.1 shows, the CQI of user1 is the biggest on subband1, the CQI of user2 is the biggest on subband2, the CQI of user3 is the biggest on subband3, thus the allocated SRS subbands of user1 subband1, the allocated SRS subbands of user2 is subband2, and the allocated SRS sunbands of user3 is subband3.
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Fig.1 Diagram of the dynamically allocated bandwidth
Fig.2 shows the procedure of the BS how to dynamically scheduling users to send SRS only on allocated subbands with the best CQIs instead of on all bandwidths. It follows the steps as shown in Fig. 2:
(1) The first time of SRS transmission
· BS transmits SRS pre-configuration information to user firstly; 
· BS can derive the downlink channel information via SRS, however, BS also needs to get the interference information of users, so the BS should send downlink  reference signals (such as CSI-RS) to user, and then the user measures the channel estimationto derive the CQI information;.
· Then user periodically/aperiodically report the estimated CSI (CQI) via uplink channel and the reporting period is configurable (the periodically/aperiodically report scheme should be further studied); 
After the information such as precode matrix and MCS are determined, then the BS can transmit traffic data to the user. This procedure can be reference the current LTE related process. But for the next time of SRS transmission, the BS dynamically scheduling users to send SRS can be considered.
(2) The next time of SRS transmission
· Consideration the channel condition changes and whether there is have user traffic transmission,BS can jugged the reported CQI of each user is biggest on which subbands, the BS allocates SRS subband for user the next time to send SRS. The configuration of the SRS should be associated with the user feedback, and the BS also has the ability flexibility to adjust;    
· Then the user send SRS on allocated subbands; 
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Fig.2 Procedure of the BS dynamically schedules user
In this dynamically schedules method, the interferences among SRSs of different users on the same comb can be completely eliminated by allocated SRSs in different subbands.

Proposal 2: In NR, dynamically SRS transmission should be support to serve more users with limited resources. E.g. BS dynamically scheduling each user to send SRS only on allocated subbands with the best CQIs instead of on all bandwidth.
3 Conclusions

In this contribution we mainly discussed some considerations on flexible SRS configuration and transmission for NR, we have following proposals:
Proposal 1: In order to reduce SRS overhead as well as guarantee the channel estimation performance, configurable SRS density in time and frequency domain should be support in NR.
Proposal 2: In NR, dynamically SRS transmission should be support to serve more users with limited resources. E.g. BS dynamically scheduling each user to send SRS only on allocated subbands with the best CQIs instead of on all bandwidth.
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