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1. Introduction

Sounding Reference Signal (SRS) has been widely used for various functionalities in NR, e.g., antenna switching for DL CSI, beam management, codebook based PUSCH and non-codebook based PUSCH. After extensive discussions for Rel-17 MIMO enhancement, some potential enhancements for SRS were agreed in the WID of FeMIMO for Rel-17[1], where the detailed objectives for SRS enhancements are summarized as follows:
	· Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction

· Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})

· 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


In RAN1 NR #102-e, the agreements have been made as follows [2]:
Agreement
LLS is used to evaluate SRS enhancements in Rel-17 FeMIMO, while SLS can be used additionally for evaluating data throughput for a given SRS design.
Agreement
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.

Note: It has been agreed that FG 10-11 can be applied on licensed band. If no further restriction on the usage of FG 10-11 is agreed in Rel-16, it can be included in baseline.

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz, 30kHz, 20, 40 or 100 MHz as baseline, 4GHz can be optionally used

FR2: 30 GHz, 120kHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline for MU-MIMO and SU-MIMO

Note: Other delay spread is not precluded. 

Note: Simulation using TDL-A with 30ns or 300ns for MU-MIMO is not precluded. 

Companies to state whether angle scaling is performed, and if so, the desired angle spread and mean angle.

	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

· Companies are not precluded to simulate directional antennas for 4Tx

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, use the following 
· Random phase rotation of each SRS transmission is modeled as a uniform distribution between [-(max, (max within a time window of Twindow, where companies should state the value of (max and Twindow.

· Companies can choose from the following two options for (max 
· Opt-1: 40 degrees

· Opt-2: pi*Δf*x/Ts, where Δf denotes the gap between central frequency and UE's SRS frequency position and Ts for sampling frequency. x can be 0.1, 0.2, 0.4

· Twindow = 20ms

· Other values of (max and Twindow are not precluded


Agreement
Adopt the following SLS assumptions at least for SRS capacity enhancements in Rel-17.

	Parameter
	Value

	Metric
	DL throughput

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

Note: It has been agreed that FG 10-11 can be applied on licensed band. If no further restriction on the usage of FG 10-11 is agreed in Rel-16, it can be included in baseline.

	SRS error modelling
	Table A.1-2 of TR 36.897

Δ=9 dB is assumed for baseline. Companies to state the detailed SRS configuration if it is different from baseline.
Note: The phase coherency model in LLS assumptions can be considered additionally. 

	SRS periodicity
	Companies to state the simulated SRS periodicity.

Note: SRS triggering may be aperiodic

	Carrier frequency,  SCS and system bandwidth
	3.5GHz, 30KHz and 20MHz/40MHz/100MHz as baseline

	Number of gNB antennas
	(M, N, P, Mg,Ng; Mp, Np) = (8,8,2,1,1,4,8). (dH,dV) = (0.5, 0.8)λ

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

Omni antennas are used as baseline. Companies are not precluded to simulate directional antennas for 4Tx.

	Traffic model
	FTP 1 or FTP 3 with 20%, 50% or 70% traffic load

Note: Full buffer can also be considered optionally.

	Handover margin
	3dB

	Scenario
	UMi/UMa with 200m ISD.

Note: UMa with 500m ISD can also be considered.
Note: Simulation of rural scenario with necessary adjustment of relevant parameters is not precluded.

	Duplex, Waveform 
	TDD, OFDM 

	Multiple access 
	OFDMA 

	Channel model
	According to the TR 38.901 

	BS Tx power 
	44, 47, and 51 dBm for 20, 40, and 100 MHz, respectively

	BS antenna height 
	25 m 

	UE antenna height & gain
	Follow TR 36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

Max code-block size=8448bit 

	Slot
	14 OFDM symbols

	Frame structure 
	Companies to state the used frame structure

	MIMO scheme
	SU/MU-MIMO

	Overhead 
	Companies to state the downlink overhead assumption

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver


Agreement
Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives

· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset

· Alt 2: Indicate triggering offset in DCI explicitly or implicitly

· Alt 3: Update triggering offset in MAC CE

· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.
Agreement
For SRS coverage/capacity enhancements, evaluate and, if needed, specify one or more from three categories based on the following definition. 
· Class 1 (Time bundling): Utilize relationship among two or more occasions of one or more SRS resources in one or more slots to enable joint processing within time domain.

· Study aspects include the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc..

· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition. 

· Study aspects include to use TD-OCC to compensate the negative impact on SRS capacity, inter-cell interference randomization, whether these SRS symbols are in one slot or consecutive slots, etc..

· Class 3 (Partial frequency sounding): Support more flexibility on SRS frequency resources to allow SRS transmission on partial frequency resources within the legacy SRS frequency resources.

· Study aspects include the partial frequency resources are with RB level or subcarrier level (e.g., larger comb, partial bandwidth), PAPR issue, etc..

Agreement
Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI

· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching

· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..

Agreement
For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient

· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..

Agreement
For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
· Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc..

2. Flexible SRS triggering
For aperiodic SRS, gNB will configure slot offset(s) k via RRC signaling for the corresponding SRS resource set(s).  If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot 
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for aperiodic SRS transmission might not be available for uplink transmission due to the dynamic change/indication of slot format configuration and possible HARQ-ACK transmission. An example of failed transmission of AP SRS due to this reason is shown in Fig 1. The transmission of AP-SRS will be dropped because the triggered slot corresponding to k =4 is not available for uplink. In order to avoid this issue and provide more flexibility for gNB, a more flexible SRS triggering mechanism can be considered. 
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Figure 1: Rel-15 slot offset k 
There are three alternatives are proposed as given in the agreements of RAN1 NR #102e：
· Alt.1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset

· Alt.2: Indicate triggering offset in DCI explicitly or implicitly

· Alt.3: Update triggering offset in MAC CE

Alt.1 is similar to LTE which is to delay transmission until the following available slot. For example, the slot offset for aperiodic SRS is configured as 4, UE should transmit the SRS at slot n+ slotOffset which is a downlink slot. Alt.1 allows UE delay SRS transmission to the next uplink slot as seen from Fig 2. Thus, the base station doesn’t need to retransmit DCI to trigger.  However, compared to LTE, NR has some new features, which may lead to the inefficiency of Alt.1. For example, NR supports the dynamic indication of slot format by DCI format 2_0. In this case, there will be large implementation complexity for gNB scheduling and UE processing of SRS transmission for Alt.1. 
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Figure 2: Delay the SRS transmission to an available slot
 Indication of triggering offset in DCI explicitly or implicitly will provide more flexibility for NR deployment to relax the restriction on SRS due to the only one triggering offset. Meanwhile, compared to Alt.1, Alt.2 will lead to less complexity for gBN scheduling and UE processing for SRS transmission.  One concern on Alt.2 raised in the last meeting was that Alt.2 may lead to larger DCI size. In fact, the DCI size depends on the final solution and it may or may not need larger DCI size. 
As for Alt 3, MAC CE is introduced to improve the flexibility of AP-SRS triggering. NR Rel-16 supports a MAC CE command to reconfigure the spatial relation info of SRS resource. Following the same principle, it seems a direct and simple way to enhance SRS flexible trigger by supporting MAC CE update slot offset of AP-. Compared to Alt.1 and Alt.2, the main disadvantage of Alt.3 is the larger latency of MAC CE, which cannot match the fast changes of dynamic slot format indicated by DCI format 2_0.
Based on the above discussion, we slightly prefer Alt.1.
Proposal 1: Rel-17 supports the indication of aperiodic SRS triggering offset in DCI by an explicit or implicit mechanism. 
3. SRS antenna switching
In the Rel-15, SRS antenna switching of 1T2R, 2T4R, 1T4R, 1T4R, 2T4R, 1T=1R, 2T=2R, 4T=4R is introduced for DL CSI acquisition. With the development of new commercial form-factor CPEs and laptops, the requirements of supporting antenna switching with up to 6Rx and 8Rx are emerging. The main benefits of supporting 6Rx/8Rx are to enable higher date streams of PDSCH and improve the DL spectrum efficiency. Considering typical products in the market are usually equipped with 1 or 2 Tx antennas it is preferred to expand the SRS antenna switching to 1T6R, 2T6R, 1T8R and 2T8R SRS.  Further enhancement, e.g. 4T8R, can also be considered for the powerful UE in some future. 
Proposal 2: Rel-17 supports the enhancement on antenna switching with up to 6Rx and 8Rx: {1T6R, 2T6R, 1T8R, 2T8R, 4T8R}.
4. SRS capacity and/or coverage enhancement
4.1. Time bundling

SRS time bundling is a potential method for SRS coverage enhancement which allows joint channel processing. There are two definition of time bundling from the conclusion of the last meeting
· Cross-slot bundling
· Intra-slot bundling
NR has supported the repletion of SRS transmission. Increasing the number of repetitions can achieve the same purpose and the same performance with intra-slot bundling. Thus, only the cross-slot bundling is discussed in this contribution. In theory, cross-slot bundling may improve the accuracy of the channel estimation with time-domain adjacent SRS slots. Especially, it is also possible to enable the bundling of different SRS time resource type, such like, periodic SRS with aperiodic SRS.
However, there exist some constraints including the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc. In order to evaluate the effect of phase discontinuity on cross-slot bundling of SRS, we have conducted the following simulation. 
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Figure 3: The performance of 4T32R QPSK UL BLER for cross-slot bundling with phase discontinuity
Figure 3 shows the the performance of 4T32R QPSK UL BLER with cross-slot bundling. The black line gives the baseline which is Rel-15 SRS without repetition and the red line is the cross-slot bundling SRS in two adjacent slots with the phase discontinuity which follows the option-1 for (max given in LLS assumption. We observe that the performance of cross-slot bundling and baseline is quite close at the low SNR, and the performance has a slightly improvement at the high SNR.
Observation 1: The performance improvement of UL BLER is negligible with considering the phase discontinuity.
4.2. Increase repetition and symbols
SRS capacity enhancement is very important to ensure the performance of UL/DL transmission, especially in UE dense area. In Rel-15, the UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying 
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 adjacent symbols within the last 6 symbols of the slot. In Rel-15, there are 8 symbols not available for SRS transmission, which limits the SRS capacity. Moreover, SRS for NR positioning, LTE Rel-16 SRS and SRS for NR-U already support up to 14 symbols in a slot for SRS transmission, it is unclear whether the SRS design for NR-U can also be applied to the licensed band (which needs further discussion in RAN1 / RAN plenary). More symbols for SRS transmission brings the possibility of increasing SRS repetition, thereby improving the coverage of SRS.

Proposal 3: In order to increase the SRS capacity and enhance SRS coverage, Rel-17 supports to increase repetition and supports up to 14 symbols within a slot for normal SRS transmission.
4.3. Partial sounding

In Rel-15, partial sounding is supported and can be configured by RRC parameters, as seen from Figure 3, which is an example of full frequency hopping and assume
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. As for one SRS resource, a subband SRS is transmitted during one OFDM symbol, i.e., 12PRBs, SRS transmission in the full bandwidth will through 4 OFDM symbols. Partial sounding can be used in power-limited scenarios since the subband SRS transmission provide additional power boosting. So, partial sounding is a needed function and beneficial for precisely channel estimation, Rel-17 should consider the enhancement about partial sounding.
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Figure 3: Rel-15 frequency hopping

4.3.1 Partial sounding on each hop
For the method of partial sounding on each hop, as seen from Figure 4, configure with 
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, full bandwidth is 48 PRBs and each subband contains 12 PRBs. During one OFDM symbol, SRS only transmit on 6 PRBs on each hop, while 12 PRBs are used for SRS transmission for the current Rel-15 frequency hopping, where the remain 6PRBs is reconstructed by interpolation. Partial sounding on each hop not only provides larger SRS capacity, but also brings extra 3 dB power boosting at the cost of lower SRS density.
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Figure 4: Partial sounding on each hop

4.3.2 Subset sounding

For subset sounding, UE only transmit SRS on a subset of OFDM symbols which reduces the hopping times 
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. For example, as seen from Figure 5, UE chose the last two OFDM symbols to transmit SRS. Subset sounding has no power boosting, but on the other hand, it brings capacity benefit and compress SRS transmission in time domain, which can be a potential usable functionality in the high speed scenario.
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Figure 5: Subset sounding

4.3.3 Larger comb size

The method with lager comb size (Figure 6) can also achieve similar goals without introducing a new hopping pattern, i.e., comb-8 or even comb-12. For example, comb-4 has the same power boosting and capacity enhancement as partial sounding on each hop with comb-2. The design for SRS for positioning in Rel-16 can be reused if a larger comb size is introduced in Rel-17. Further simulations results will give the performance comparison of the methods mentioned above. 


[image: image19.emf]Comb-4

Per RB

SRS,2

m

48

PRB

12

PRB


Figure 6: Larger comb size

4.3.4 Simulation results
In this section, simulation results are provided to evaluate the performance of the three above-mentioned schemes, i.e., partial sounding on each hop, subset sounding and larger comb size schemes. Specifically, we consider 48 PRBs as the full bandwidth, the subband granularity is 8 PRBs, and the full bandwidth can be covered by 6 hops. BLER is used as the metric for performance comparision. 
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Figure 7: The performance of 2T32R 64QAM UL BLER for different partial sounding
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Figure 8: The performance of 2T32R QPSK UL BLER for different partial sounding
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Figure 9: The performance of 4T32R 64QAM UL BLER for different partial sounding
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Figure 10: The performance of 4T32R QPSK UL BLER for different partial sounding

Figures 7-10 show the the performance of various methods for different transmit antennas and different modulaion, where Tx and modolation are set to 2T 64QAM, 2T QPSK, 4T 64QAM and 4T QPSK, respectively. Comb-2 provides a baseline performance of other methods. It is observed that the performance differences between those three methods are negligible. Besides, comb-4 and partial sounding on each hop has 3dB power boosting than comb-2, meanwhile comb-8 has 6dB power boosting than comb-2. Moreover, comb-4, partial sounding on each hop and subset sounding support twice as many simultaneously UE as comb-2, at the same time, comb-8 supports four times as many simultaneously UE as comb-2. 

From the pespective of standardization efforts, larger comb size for SRS for positioning has been supported in Rel-16. Thus, the scheme of larger comb size will need very little standardization efforts. In contrast, the other two schemes (i.e., partial sounding on each hop, subset sounding) need a large amount of standardization efforts, e.g., basic unit in frequency domain for each hopping, pattern for hopping and so on.
Proposal 4: Rel-17 supports the large comb size of 8 to improve SRS capacity.
5. Usage/overhead reduction
In Rel-15/16, UE can be configured with multiple SRS resource sets with different usages. The SRS resources in different SRS resource set can be the same or different. For example, for a SRS resource set with 4 SRS resources for antenna switching of 1T4R, one of the resources can be configured in the SRS resource set for codebook based transmission. Then the same transmit antenna can be used for SRS and PUSCH transmission via resource sharing between SRS for codebook and SRS for antenna switching. Even for other cases, e.g. 2T4R or 1T2R, similar resource sharing can be implemented by gNB. If SRS resources for antenna switching and PUSCH have different number of ports, the use case to share the same resource between the two usages is unclear. Also, the benefits of resource sharing between two SRS resources in different BWPs are unclear. Further enhancement on resource sharing based on current specification and implementation should be justified. 
Observation 2: Resource sharing between different usages was already supported in Rel-15. Any further enhancement should justify the benefits and application scenarios.

6. Conclusions
In this contribution, we discuss simulation assumptions and potential solutions for Rel-17 SRS enhancement. The proposals are summarized as below:
Observation 1: The performance improvement of UL BLER is negligible with considering the phase discontinuity.
Observation 2: Resource sharing between different usages was already supported in Rel-15. Any further enhancement should justify the benefits and application scenarios.

Proposal 1: Rel-17 supports the indication of aperiodic SRS triggering offset in DCI by an explicit or implicit mechanism.
Proposal 2: Rel-17 supports the enhancement on antenna switching with up to 6Rx and 8Rx: {1T6R, 2T6R, 1T8R, 2T8R, 4T8R}.
Proposal 3: In order to increase the SRS capacity and enhance SRS coverage, Rel-17 supports to increase repetition and supports up to 14 symbols within a slot for normal SRS transmission.

Proposal 4: Rel-17 supports the large comb size of 8 to improve SRS capacity.
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