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Introduction
In RAN1#90bis meeting, the following agreements related to the SRS design were made [1]:
	Agreement:
· An X-port SRS resource spans N = 1, 2, or 4 adjacent OFDM symbols within the same slot where all X ports are mapped to each symbol of the resource
· When frequency hopping only is configured, the X ports are mapped to potentially different sets of subcarriers in each OFDM symbol of the resource, depending on the hopping pattern
· For N = 4, frequency hopping + repetition can be configured where the the X ports are mapped to a different set of subcarriers in the second pair OFDM symbol(s) of the resource
· Note: Symbol pairs are adjacent
· Note: same comb is assumed for different sets of subcarriers
· Note: hopping pattern is within the tree structure defined by a given C_SRS, B_SRS, and b_hop
· Note: When repetition only is configured, the mapping is covered by previous agreement in RAN1#90:
· “Each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols.”
· NCP SRS resource definition is reused for ECP
· FFS: SRS transmission repetition within a slot can be at different power levels to account for relative phase discontinuities from multiple UE Tx chains

Agreement:
· LTE SRS configuration tables are starting point for NR SRS configuration table design.
· At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS
· FFS on additional periodicities for other numerologies
FFS: supported slot offset for each supported numerology



In this contribution, we would like to discuss the remaining issues on SRS design for NR as follows:
· Periodicity of SRS transmission
· Dynamic configuration of SRS periodicity

Discussion
Among the various deployment scenarios considered in NR [2][3], it is necessary to take both high-speed train (HST) and highway scenarios into account when designing mobility-related features of NR. In NR, the highway deployment scenario focuses on the scenario of vehicles placed in highways with high speeds, and the HST scenario mainly focuses on providing continuous coverage along HST tracks using either 4 or 30 GHz frequency band, as shown in Figure 1 and Figure 2. In the HST scenario, two communication scenarios are being considered. One is a direct communication between RRHs and UEs carried by onboard passengers, and the other is RRH-relay-UE scenario where a relay node is located on the train to form a two-hop relay communication. The common characteristic of both deployment scenarios is to provide reliable and broadband communication services under high mobility.
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[bookmark: _Ref490231894]Figure 1 Cell layout for HST (4GHz deployment, non-SFN model)
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[bookmark: _Ref490231899]Figure 2 Cell layout for (30 GHz deployment, non-SFN model)

Periodicity of SRS transmission
In the last meeting [1], it has been agreed to include at least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity for 15kHz SCS and FFS whether additional periodicities for other numerologies are needed for NR SRS transmission. Since how fast the CSI changes over time plays a crucial role in determining the periodicity of SRS transmission, at least it is necessary to take both HST and highway scenarios into account for the NR SRS periodicity design. Also, due to various numerologies supported in NR, it is necessary to thoroughly investigate whether to include additional periodicities necessary for each numerology in each deployment scenario. Especially in the HST scenario where mobility of UE is particularly high, up to 500km/h [2][3], smaller periodicity, 1-slot periodicity, needs to be supported, which not only enables the fast beam adaptation, but also provides more accurate CSI at high-speeds. Table 1 gives an example of UE specific SRS periodicity and subframe offset configuration table for periodic SRS transmission in the case of FDD.

[bookmark: _Ref498703676]Table 1 An example of UE Specific SRS Periodicity and Subframe Offset Configuration (Periodic, FDD)
	SRS Configuration Index 
	SRS Periodicity  (slot)
	SRS Subframe Offset  

	0
	1
	ISRS

	1 - 2
	2
	ISRS – 1

	3 – 7
	5
	ISRS – 3

	8 – 17
	10
	ISRS – 8

	18 – 37
	20
	ISRS – 18

	38 – 77
	40
	ISRS – 38

	78 – 157
	80
	ISRS – 78

	158 – 317
	160
	ISRS – 158

	318 – 637
	320
	ISRS – 318

	638 – 1023
	reserved
	reserved



Observation 1: Given various deployment scenarios and numerologies considered in NR, it is necessary to thoroughly investigate whether to include additional periodicities necessary for each numerology in each deployment scenario.
Proposal 1:, NR should support 1-slot periodicity used for high-mobility scenarios.

In addition, in some scenarios including both HST scenario and highway scenario, due to the frequent changes in the surrounding and UE mobility, the NR should be able to configure the periodicity of SRS dynamically. Even in the HST and highway scenarios, CSI and angle of arrival (AOA) doesn’t always change rapidly and larger periodicity can be configured in a specific time. For example, in the HST and highway scenarios, SRS measurement (e.g. estimation of AOA) used to support downlink beamforming is highly dependent on the distance between gNB/RRH and track as shown in Figure 1 and Figure 2. The Larger the distance, the faster the changes in AOA, and when the train/vehicle is close to the gNB, especially when the train/vehicle is passing by the gNB, the changes in AOA would be much faster. For this reason, depending on several conditions (surrounding, mobility and the distance and so on) the periodicity of SRS needs to be changed dynamically. It is not only advantageous for the gNB to acquire more accurate CSI and perform fast beam management using SRS, but also an efficient way from a resource utilization perspective. In this regard, we would like to suggest using dynamically configurable periodicity mechanisms in NR SRS transmission. Several mechanisms for the dynamically configurable SRS periodicity can be considered, and configuring periodicity using DCI or MAC CE after RRC configuration can be one of the candidate mechanisms.
Proposal 2: NR should support dynamically configurable periodicity mechanism in SRS transmission.

Conclusion
This contribution has addressed some issues related to periodicity of SRS transmission and dynamic configuration of SRS periodicity, and made the following observation and proposals.
Observation 1: Given various deployment scenarios and numerologies considered in NR, it is necessary to thoroughly investigate whether to include additional periodicities necessary for each numerology in each deployment scenario.
Proposal 1: NR should support 1-slot periodicity used for high-mobility scenarios.
Proposal 2: NR should support dynamically configurable periodicity mechanism in SRS transmission.
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