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1. [bookmark: _Toc474161164]Introduction
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Agreement: ZC based sequences shall be used for NR SRS sequence design

Agreements:
· Support switching between partial bands for SRS transmissions in a CC
· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 
· Consider RF retuning requirement for partial band switching
· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item
Agreements: NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
Agreements:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

Agreements:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
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
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.

In this contribution, we provide our views on SRS design.
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2.1 Use cases for SRS

Acquisition of uplink channel information

SRS Can be used for acquiring uplink channel state information at network. Once the uplink channel state information between a UE and the network is determined, frequency selective scheduling can be performed for uplink transmission for either a single TRP reception or multiple TRP reception.


Acquisition of downlink channel state information

It is well known in a TDD system that SRS transmission in the uplink can be used to deduce the downlink channel information in the downlink when channel reciprocity between DL and UL holds.

Even in the case only partial channel reciprocity holds, e.g.  n the case that SRS is from a single Tx antenna  at a UE and yet two Rx antennas are available at the UE, downlink precoder can be still determined from the SRS reception. There exist schemes whereby the full channel information is acquired through hybrid CSI, e.g. [1] or through supplemental channel information feedback [3].

For a FDD system, there have been studies which suggest long term uplink channel information can be useful in deriving downlink channel information [2].


Dynamic TDD/Flexible duplexing

In RAN1 89, the following agreements were reached concerning dynamic TDD:

Agreements:
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 
· Details for the enablers, including:
· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)
· detailed reporting 
· performance metrics
· long-term and/or short-term
· timing offset considerations
· overhead
· whether or not to identify the aggressor(s)
· whether or not to use the same framework as in MIMO (if so, how)
· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

To obtain UE-UE CLI measurement, an additional or existing signal can be used for that purpose, which may lead to modification of UE reception, UE transmission or both. When there is a choice between modifying the UE reception and UE transmission, often it is easier in terms of implementation to keep the UE transmission intact and modify/introduce addition to UE reception. Among uplink signals, SRS and PRACH can be considered for UE-UE CLI measurement. Compared with SRS, PRACH may have a further advantage in terms of better link budget due to possible longer transmission duration than that with SRS. However, for dynamic TDD, which is often encountered in small cell environments, the additional link budget improvement with PRACH may not be necessary in Phase I. In this contribution, we focus on adopting SRS for UE-UE CLI measurement.
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Figure 1 SRS for UE-UE CLI measurement

In Figure 1, it shows UE 1 from Cell 1 transmits a SRS at symbol 14 in a slot; and UE 2 and UE 3 from other cells receive the transmitted SRS at symbol 14. For the SRS transmission on a symbol, it is possible to use a different subcarrier spacing for SRS compared to other signals/channels, e.g. PDSCH, so the SRS’s time duration is less than one OFDM symbol at the reference numerology determined from PDSCH; and there are enough gaps around the SRS transmission allowing Tx/Rx switching at the sender and the recipient of the SRS.  To allow UEs to take CLI measurements from others, e.g. for UEs 1, 2 and 3 to take measurements from each other, it would take multiple slots for each UE to transmit a SRS and allow others to take measurement of the transmitted SRS following the example in Figure 1.  In general, this is related to the mutual hearability problem in signal measurement and information exchange among peer nodes. In our discussion on OTA signalling, mutual hearability among gNBs has been addressed. The same design principle can be used to address mutual hearability for UE-UE CLI measurements.



2.2 Configurability of SRS

To address the mutual hearability problem, we can consider utilizing Tx/Rx patterns for SRS. One example is given below.
[image: ]
Figure 2 Mutual hearability patterns for SRS

As noted above, SRS may have a different subcarrier spacing compared to PDSCH’s, and there are enough gaps around the SRS to allow Tx/Rx switching. For example At Symbol 14, UE 1’s SRS transmission takes only half of the (PDSCH) OFDM symbol duration.

We have 
Proposal 1: to address the need of UE-UE CLI measurements,  
· SRS transmissions at different locations in a slot are supported;
· SRS receptions at different locations in a slot are supported.



With the support of BW adaption, SRS transmission should also be conditioned on a UE’s current operation bandwidth.
There can be a few alternatives to support SRS:
Alt. 1 a UE is provided with separate RRC configurations for wideband & partial operations; and depending on its current operational bandwidth, a suitable configuration is used.
Alt. 2 a UE is provided with a RRC configuration for wideband operation. If its current operational bandwidth is less than the configured wideband, then truncation is applied to the configuration for partial band operation. For example, the wideband configuration is over PRBs 1-200. If the current operational bandwidth is over PRBs 51-100, then only SRS over PRBs 51-100 is transmitted. 
It is clear if a UE needs to receive SRS from another UE, the SRS signal design impacts UE implementation complexity. Hence it is beneficial the SRS shares as much similarity as other signals, e.g. CSI-RS, DL DMRS, UL-DMRS; so the support of SRS reception does not incur too much additional complexity. Look into the future, when other types of interference introduced by backhaul links & sidelinks arise in NR, new signals can be also designed to be similar existing signals, e.g. SRS, CSI-RS, DL/UL DMRS to mitigate system complexity especially UE complexity. 

We have 

Proposal 2: Consider a co-design of SRS, CSI-RS, DL/UL DMRS to mitigate system complexity especially UE complexity.


3. [bookmark: _Toc474161178]Conclusion
In this contribution, we provide our views on SRS design. We have
Proposal 1: to address the need of UE-UE CLI measurements,  
· SRS transmissions at different locations in a slot are supported;
· SRS receptions at different locations in a slot are supported.

Proposal 2: Consider a co-design of SRS, CSI-RS, DL/UL DMRS to mitigate system complexity especially UE complexity.
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