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Introduction
In the RAN1 #88bis meeting, the following agreement related to SRS (sounding reference signal) was made [1]:

	R1-1706726	WF on configuration of SRS	Mitsubishi Electric, Sony, Ericsson, Nokia, ASB, Huawei, HiSilicon, LG, AT&T
Also supported by ZTE, ZTE Microelectronics
Agreements:
· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· Configuration examples: 
· higher layer 
· high layer + L1 signalling, If hierarchical indication of SRS sequence ID is supported, (example: base sequence ID and/or phase rotation ID)



This contribution contains some materials presented in [2].

Issues to be considered for SRS generation
Motivation for flexible SRS generation
 NR is expected to support up to 1 million devices per square kilometre of devices intended for a variety of applications, e.g., eMBB, URLLC, and MTC [3]. In such a scenario, maintaining orthogonality among all SRS sequences may impose a limit on the number of SRS sequences that can be used, which also limits the number of UEs that can be supported in a cell. 

Observation 1: The number of usable SRS sequences is limited by the requirement on orthogonality among the sequences

In addition, growing number of UEs in a cell will require effective SRS designs to reduce inter-cell interference.



Observation 2: Inter cell interference is a critical issue in NR

 Furthermore, considering applications requiring different bandwidth and coexisting in a cell, flexible assignment of SRS sequences to UEs may be needed. It should be noted that time and frequency multiplexing or cyclic shifts for Zadoff-Chu based SRS sequences, provide additional dimensions to avoid SRS collision, but they lead to inefficient resource utilization. To maximize efficiency in resource utilization and flexibility in usage of SRS sequences, a mechanism to reduce inter-cell interference is needed.

Observation 3: Inter-cell interference reduction mechanism is needed

ID based SRS generation in LTE
 In LTE, a concept of assigning an ID to a group of UEs was introduced to provide flexibility in SRS generation. A group is perceived as a virtual cell and use of “virtual cell IDs” for generation of DMRS for uplink transmission has provided flexibility in UL DMRS assignment and capacity for UL DMRS. As explained above, the capacity of NR SRS has to be increased compared to LTE due the growing demand to support large number of UEs. The starting sequence for SRS sequence design in NR should be Zadoff Chu sequence since it offers orthogonal sequences with cyclic shifts. The VCID for SRS generation can be configured dynamically.

Proposal 1: Support Zadoff Chu sequences for SRS

Furthermore, randomization of ZC sequences by using group and sequence hopping based on an ID should be supported in NR to limit inter-cell interference.



[bookmark: _Ref478048285]Figure 1 An example of application of sequence ID

Sequence ID based SRS generation for NR
 Configurable sequence ID should be supported in NR. In one of the NR use cases, groups of crowded UEs may exist in dense urban scenarios. In such an environment, creating orthogonal SRS sequences for all UEs is wasteful. In addition, if UE transmits multiple SRS sequences for multiple beams, i.e., one SRS sequence per beam, shortage of orthogonal sequences is inevitable. Thus, dynamically assigning sequence numbers to SRS sequences for each group or UE may be more resource friendly option to increase the capacity of SRS. An example of application of the sequence ID for SRS generation is illustrated in Figure 1. The sequence ID for SRS generation can be configured dynamically.

Proposal 2: Support SRS sequence ID

Finally configuration mechanism for the ID must be considered. The ID can be configured for each UE at higher layers for maximum flexibility in ID assignment and configuration.

[bookmark: _GoBack]Descriptions of sequence ID

Definition of the sequence ID

 The sequence ID can be defined by the characteristic of the SRS sequence. For example, if Zadoff Chu sequence is used, the root number can be used as the SRS sequence. ID. The sequence ID can also be used as a seed for randomization. For example, as in LTE, the sequence ID can be used as a seed for pseudo random number generator to generate a multiple sequence hops, creating time-varying SRS sequences. Sequence hopping is useful when inter cell or inter virtual cell randomization is required. Such interference reduction mechanism is needed as the SRS resource friendly solution to solve the aforementioned demand for SRS sequences.

Proposal 3: Consider supporting sequence hopping using sequence ID for inter-cell interference reduction

Use cases for the sequence ID
In Alt. 1, partial overlapping of SRS sequences between UEs is avoided since it leads to high correlation in the overlapped region. Avoiding partial overlaps between SRS sequences leads to inflexible SRS placement. Due to the limited frequency resources, the dimension of orthogonality of the SRS must be increased by assigning a sequence ID to each UE/group.

In Alt. 2, partial overlapping of SRS sequence is allowed, since SRS sequences are block wise orthogonal. A UE/group-specific sequence ID is also useful in this case since some bands may be more crowded than other bands which may lead to lack of orthogonal SRS sequences for the block. In addition, use of the sequence ID allows flexible assignment of SRS to each band.

	
Conclusion 

In this contribution, we introduced motivations for use of sequence IDs for SRS generation. 

In this contribution we make the following observations and proposals:

Observation 1: The number of usable SRS sequences may be limited by the requirement on orthogonality
Observation 2: Inter cell interference is a critical issue in NR
Observation 3: Inter-cell interference reduction mechanism is needed

Proposal 1: Support Zadoff Chu sequences for SRS
Proposal 2: Support SRS sequence ID
Proposal 3: Consider supporting sequence hopping using sequence ID for inter-cell interference reduction
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