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Introduction
In the RAN1 #89 meeting, the following agreement related to SRS (sounding reference signal) was made [1]:

	R1-1709699	WF on SRS sequence generation 	Mitsubishi Electric, Huawei, HiSilicon, Nokia, AT&T, Intel, ZTE, LG Electronics, Panasonic, Ericsson
Agreements:
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC
· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling
· FFS: for combination of RRC and DCI
· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time
· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed
· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence
· FFS: sub-time-units for SRS (if supported),  SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.



	R1-1709764	WF on SRS configuration	CATT, Ericsson, LG
Agreements:
· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· FFS the location(s) of SRS symbol(s) within a slot
· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources



Design 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 [2]. 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 randomization of SRS sequences in LTE
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

Location of SRS symbols and collision avoidance or multiplexing SRS with PUCCH
Location of SRS symbols
In this section, collision avoidance or SRS-PUCCH multiplexing for a UE is considered. In LTE, SRS was placed at the end of the subframe. To alleviate the workload of the scheduler, we recommend to place the SRS symbols at the end of the slot. This means the last symbol in the group of SRS symbols is placed at the last symbol in the slot.

Proposal 1: The last SRS symbol is placed at the end of the slot

It should be noted that PUCCH can be placed around the last symbol in the slot, creating a possibility for collision with SRS in the resource used by a UE. To avoid collision, we propose to multiplex SRS and PUCCH. 

Proposal 2: Consider multiplexing SRS and PUCCH

As written in TR 38.802, the PUCCH resources can include time, frequency or code domains. Thus, there are several possibilities to multiplex SRS and PUCCH to avoid the collision:
· SRS and PUCCH are TDMed
· SRS and PUCCH are FDMed: PUCCH and SRS can be placed in a combed manner if combed PUCCH pattern is supported

	

Figure 2 Combed SRS and PUCCH
	

Figure 3 FDMed SRS and PUCCH without combing



In addition, CDMed SRS and PUCCH can be considered for multiplexing. 

Proposal 3: Consider TDM/FDM/CDM for SRS and PUCCH

Several approaches for collision avoidance between SRS and PUCCH
[bookmark: _GoBack]In case of collision between SRS and PUCCH, one approach is to prioritize SRS or PUCCH transmission. If there is a collision, priority can be given to SRS and PUCCH so that a signal with higher priority is transmitted and one with lower priority can be postponed for transmission.
 Another approach is to let SRS have a functionality of PUCCH. For example, SRS can play a role of ACK/NACK transmission, indicating ACK/NACK. In this case, different SRS sequences or cyclic shifts can be used to indicate ACK or NACK. The ACK/NACK symbol can be used to modulate the SRS sequence.

Configurable periodicity of SRS transmission
 In LTE, aperiodic transmission is triggered by DCI, given candidate locations from RRC.

[image: ]
[bookmark: _Ref485217575]Figure 4 An example to illustrate configurable periodicity

Due to a variety of use cases that can be considered for NR, periodicity of SRS should be able to be configured dynamically. Due to UE mobility, quality of channel estimation may degrade and more frequent transmission of SRS may be needed to improve quality of CSI. Once the periodicity is indicated to UE by RRC, DCI or MAC-CE is used to configure periodicity or offset values. An example is shown in Figure 4 to illustrate configurable periodicity for SRS transmission. A sequence diagram of SRS configuration is shown in Figure 5.

Proposal 4: Consider configurable periodicity using DCI or MAC-CE

[image: ]
[bookmark: _Ref485217992]Figure 5 SRS transmission configuration
Sequence generation techniques

Sequence hopping using SRS 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 5: Consider supporting sequence hopping using sequence ID for inter-cell interference reduction

Use cases for the sequence ID for two alternatives
  Two alternatives that are mentioned in the conclusion in RAN1#89 are summarized below:

· Alt-1. SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position.
· Alt-2. SRS sequence is a function of the sounding bandwidth position or the PRB position.

In Alt. 1, partial overlapping of SRS sequences between UEs should be avoided in this alternative since it leads to high correlation in the overlapped region. Avoiding partial overlaps between SRS sequences leads to inflexible SRS placement. 

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.

Different methods for generation of SRS sequences
 In each alternative mentioned above, there can be two different kinds of SRS sequence generation: long sequence and concatenated sequences. In the long sequence approach, one ZC (Zadoff Chu) sequence is used for the SRS sequence. Naturally, one SRS sequence ID can be used to generate the ZC sequence. Alternatively, an SRS sequence can be created by concatenating different or identical ZC sequences. The advantage for using the concatenated sequence is that partial overlapping can be allowed and it can be applied to both Alt. 1 and 2 in the previous subsection. It should be noted that either multiple or single SRS sequence ID can be used to generate the SRS sequence in the latter approach. The disadvantage for using the concatenated sequence is that concatenation of sequences in the frequency domain increases PAPR.
 To summarize, combined with the alternatives mentioned in the previous subsection, there can be four different ways to generate an SRS sequence. The categories and contributions submitted in RAN1#89 corresponding to each category are summarized below:


· Alt. 1 long [6]
· Alt. 1 concat. [5]
· Alt. 2 long [4]
· Alt. 2 concat. [3]

For NR, PAPR of SRS should be minimized. Thus, long sequence based SRS has an advantage over the concatenated sequence since concatenation of sequences in the frequency domain increases PAPR. Thus, a careful sequence design needs to be considered. We have the following proposal:

Proposal 6: Support one sequence based SRS sequence design
Proposal 7: Use one SRS sequence ID to generate a long ZC sequence and use the sequence as the SRS sequence
	
Conclusion 

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: The last SRS symbol is placed at the end of the slot
Proposal 2: Consider multiplexing SRS and PUCCH
Proposal 3: Consider TDM/FDM/CDM for SRS and PUCCH
Proposal 4: Consider configurable periodicity using DCI or MAC-CE
Proposal 5: Consider supporting sequence hopping using sequence ID for inter-cell interference reduction
Proposal 6: Support one sequence based SRS sequence design
Proposal 7: Use one SRS sequence ID to generate a long ZC sequence and use the sequence as the SRS sequence
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