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Introduction
The endorsed Rel.17 NR FeMIMO WID is given as follows [1]:
	Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency



This contribution discusses Samsung’s view on SRS enhancement of NR FeMIMO. 

Discussion
1 
2 
Support of flexible aperiodic triggering
Since Rel-16 aperiodic SRS is triggered by one of UE-specific DCIs based on the semi-static triggering offset configured by higher layer, PDCCH usage for conveying the triggering DCIs can be excessive especially in TDD system with DL heavy traffic. Here, introducing dynamic triggering offset via DCI is expected to alleviate this problem. With this approach, gNB can spread out the triggering DCIs accordingly at the cost of additional DCI payloads and/or higher layer signalling. Alternatively, a solution based on the existing features is possible, e.g., from SRS carrier switching is to adopt automatic delaying of SRS transmission to the valid UL OFDM symbols when the originally indicated OFDM symbols are not available for SRS transmission. Using of group-common DCI for aperiodic SRS triggering could also be another method to reduce the PDCCH overhead for triggering DCIs.
Given that aperiodic SRS plays key roles for various applications, each of the options above may have its own pros and cons depending on the scenarios. For instance, when PDCCH resources are limited due to the narrow bandwidth or opportunistic transmissions in NR-U, etc., the second or third options results in higher triggering capacity than the first oneEs. Therefore, further study should be carefully done by taking into account aspects such as the actual PDCCH overhead according the practical traffic model and UE distributions.
Proposal 1. Consider the following options for more flexible triggering on aperiodic SRS
· Option 1: dynamic triggering offset control (e.g., DCI) – flexible control of slot offset via DCI
· Option 2: Automatic delaying of SRS transmission (similar as LTE SRS carrier switching) 
· Option 3: Group-common DCI for SRS triggering for PDCCH overhead reduction
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Figure 1. Options for flexible triggering on aperiodic SRS

Support of antenna switching for up to 8 antennas
For SRS antenna switching enhancements, it is important to focus on practical UE implementation to reduce efforts on specifying combinations that would never been used. For instance, 4, 6, and 8 Rx cases comprising 2, 3, and 4 panels are commercialized in FR2 (each panel has X-pol) and among then 6 RX with 3 panels case is important UE antenna configuration for commercial UEs in FR2 (see figure 2).
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Figure 2. Example of 3 patch for notebook and the implementation status (source: FCC)
Regarding FR1, it would be feasible to consider omni-directional antenna as the baseline. For the maximum number of TX antennas, we suggest to focus on up to two unless some companies have a plan to implement UEs with 4 TX antennas in the near future.
Proposal 2. Consider practical UE antenna assumptions to specify and evaluate the required combinations of SRS resource set and SRS resource(s) per set for SRS switching for up to 8 antennas
· 6 Rx cases comprising 3 panels are important from commercial perspective
· Omni-directional antenna should be the baseline for FR1
· Do not consider 4 Tx cases in FR1
SRS capacity and coverage enhancement
Although any OFDM symbol in a slot can be a candidate for SRS transmission Rel-16, there has been no enhancement on the maximum number of SRS OFDM symbols within one slot per UE. i.e., only up to 4 OFDM symbols in a slot can be used for SRS repetition. Compared with the Rel-16 LTE in where all the 14 symbols can be utilized SRS transmission for a UE, the capacity/coverage of NR SRS could be relatively low. At least three options can be considered to address this issue; 1) SRS bundling in time and/or frequency domain to provide comparable coverage with PUCCH/PUSCH slot aggregation, 2) partial sounding to extend SRS capacity/coverage without additional SRS resource overhead by interpolation or extrapolation at gNB side, and 3) increase of repetition numbers.
Proposal 3. Consider the following options for SRS capacity/coverage enhancements in Rel-17
· Option 1: Bundling (e.g., time and/or frequency-domain bundling size)
· Option 2: partial sounding (e.g., through interpolation/extrapolation at the gNB based on partial sounding)
· Option 3: Increase repetition

 EVM for SRS 
Based on the phase 2 e-mail discussion for EVM, we elaborate our views as follows:
· Baseline: Although there were some enhancements on SRS in Rel-16, those enhancements are restricted to positioning purposes or unlicensed-band. Considering that Rel-17 enhancements targets for general purposes, it is reasonable to set baseline scheme as Rel-15 SRS.
· UE antenna configuration: Omni antenna configuration at the UE side should be enough in FR1.
· SRS periodicity: For SRS periodicity, 4 slots are fine as a baseline, but other options are not precluded if needed, e.g., smaller value such as 1 slot to evaluate the performance of SRS time bundling. Regarding the note, the meaning of “SRS triggering may be aperiodic” is not clear for LLS evaluation.
In summary, our proposal can be arranged by modifying the proposal of phase 2 EVM discussion for SRS enhancement in Rel-17 as follows:
Proposal 4. Adopt the following LLS assumptions at least for SRS enhancements on coverage/capacity in Rel-17.
	Parameter
	Value

	Metric
	UL/DL BLER or throughput
Note: Other metrics like MSE can be considered optionally. 

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme.

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz or 4GHz, 30kHz, 20, 40 or 100 MHz
FR2: 30 GHz, 120kHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline
Note: other delay spread is not precluded. 
FFS: whether and how to define scenario
FFS: whether and how to use CDL in MU-MIMO

	UE speed
	3km/h , 30km/h or 120km/h 

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R

	UE antenna configuration
	FR1: omni as baseline
1. FFS: whether direction can also be considered for more than 2 antennas
FR2: directional

	Rank, precoder and MCS 
	Precoder is adaptive. Rank/MCS can be adaptive or fixed.

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

	SRS periodicity 
	Companies to state the used SRS periodicity.
Note: SRS triggering may be aperiodic. 

	SRS Comb
	Comb 2 or 4

	SRS frequency hopping
	Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR

	Phase coherency
	Companies to state whether the phase coherency in time domain is modelled and if so, how.


 
Conclusion
In this contribution, the following proposals are given: 
Proposal 1. Consider the following options for more flexible triggering on aperiodic SRS
· Option 1: dynamic triggering offset control (e.g., DCI) – flexible control of slot offset via DCI
· Option 2: Automatic delaying of SRS transmission (similar as LTE SRS carrier switching) 
· Option 3: Group-common DCI for SRS triggering for PDCCH overhead reduction
Proposal 2. Consider practical UE antenna assumptions to specify and evaluate the required combinations of SRS resource set and SRS resource(s) per set for SRS switching for up to 8 antennas
· 6 Rx cases comprising 3 panels are important from commercial perspective
· Omni-directional antenna should be the baseline for FR1
· Do not consider 4 Tx cases in FR1
Proposal 3. Consider the following options for SRS capacity/coverage enhancements in Rel-17
· Option 1: Bundling (e.g., time and/or frequency-domain bundling size)
· Option 2: partial sounding (e.g., through interpolation/extrapolation at the gNB based on partial sounding)
· Option 3: Increase repetition
Proposal 4. Adopt the following LLS assumptions at least for SRS enhancements on coverage/capacity in Rel-17.

	Parameter
	Value

	Metric
	UL/DL BLER or throughput
Note: Other metrics like MSE can be considered optionally. 

	Baseline
	Rel-15 SRS: Companies to state the detailed configuration used as baseline scheme.

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz or 4GHz, 30kHz, 20, 40 or 100 MHz
FR2: 30 GHz, 120kHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline
Note: other delay spread is not precluded. 
FFS: whether and how to define scenario
FFS: whether and how to use CDL in MU-MIMO

	UE speed
	3km/h , 30km/h or 120km/h 

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R

	UE antenna configuration
	FR1: omni as baseline
FR2: directional

	Rank, precoder and MCS 
	Precoder is adaptive. Rank/MCS can be adaptive or fixed.

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

	SRS periodicity 
	Companies to state the used SRS periodicity.

	SRS Comb
	Comb 2 or 4

	SRS frequency hopping
	Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR

	Phase coherency
	Companies to state whether the phase coherency in time domain is modelled and if so, how.
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