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1	Introduction
In [1], a work item for further enhancements to NR MIMO was agreed. One objective of the work item concerns enhancements to SRS:
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

In this contribution, we consider ways to fulfil this objective. Approaches to increase aperiodic SRS triggering flexibility and reduce PDCCH overhead as well as methods to avoid duplicate SRS configurations with SRS antenna switching are introduced.  Issues in SRS coverage evaluation including suitable baselines, metrics, and simulation parameters are also provided.   Furthermore, initial link level evaluations of potential downlink throughput benefits of increased SRS coverage are shown that provide insight into potential use cases.
[bookmark: _Ref178064866]2	Discussion
2.1 Aperiodic SRS offset for increased flexibility in triggering
The time between the trigger of an aperiodic SRS and the SRS transmission is an RRC configured value k, i.e. the slotoffset parameter, for each SRS resource set. The number of SRS sets that can be configured for DL CSI acquisition is very limited (maximum two). 
This means that the SRS must be triggered in specific slots since the distance to an UL slot is fixed in a semi-static TDD configuration. In contrast, we don’t have such rigid timing restrictions in LTE. 
The consequence is that aperiodic SRS may not be able to be triggered when needed, e.g., due to PDCCH congestion, lack of an UL or DL grant, etc. This becomes a PDCCH capacity bottleneck for reciprocity-based MU-MIMO operation where it is beneficial to trigger SRS for multiple candidate co-scheduled users to transmit SRS at the same time. 
[image: ]
Figure 1 The static slot offset for aperiodic SRS leads to PDCCH congestion (upper), while if LTE approach is applied, the PDCCH load can be distributed (lower).

Hence, we propose
[bookmark: _Toc24114567][bookmark: _Toc28870565][bookmark: _Toc40478805][bookmark: _Toc47730071]Improve the flexibility for slot offset between PDCCH trigger and actual transmission of aperiodic SRS. Consider both explicit (extension of DCI signalling) and implicit (e.g. “transmit SRS in next allowed UL occasion”) methods. 
2.2 Group triggering of SRS
Another enhancement for aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction, is the use of group triggering. Here a group of UEs are simultaneously triggered to transmit SRS, using a single DCI message. This exists in NR already in carrier switching, but a similar mechanism can be considered for same carrier case. The use case in mind is the reciprocity based operation where it is useful to get the uplink channel for a set of UEs simultaneously, measured at the same time instant. Otherwise, the measurements will be spread out over time and will be subject to different degrees of channel ageing.
[bookmark: _Toc47730072]To reduce the PDCCH load for SRS triggering, consider mechanisms for group triggering of aperiodic SRS for a group of UEs from a single DCI. 
2.3 Duplicate SRS configurations and SRS antenna switching enhancement 
Currently, NR restricts an SRS resource set to be configured as either “codebook” or “antennaSwitching”, i.e. for UL MIMO and DL MIMO (reciprocity) respectively. 
For reciprocity-based operation, and for UEs that support full reciprocity, e.g. “2T=2R” then the gNB must configure two SRS resource sets for this UE, one to support UL MIMO and one to support DL MIMO, i.e. sets configured as for “codebook” and for “antennaSwitching” respectively. 
The reason is that the specification allows the UE to perform different antenna virtualization for these two SRS resource sets. Hence, the SRS measurements performed on the SRS resource set configured for “codebook” cannot be used to obtain channel estimations for reciprocity. 
Now, one may argue that there is no clear reason for a UE manufacturer to use a different virtualization for the SRS transmitted for “codebook” and for “antennaSwitching” respectively. However, the specification does not prevent that the UE uses different virtualization for these two cases.  For example, the UE may choose to autonomously precode the SRS for ‘codebook’ based operation to achieve some beamforming gain and better coverage (part of the implementation), while it does not do this for ‘antennaSwitching’ case. Hence, the SRS used for ‘codebook’ cannot be guaranteed to be possible to use for proper DL CSI acquisition.
This implies that a gNB always configure two SRS resource sets in this very typical mode of operation when nT=nR applies and UL MIMO is used, which is unnecessary in terms of overhead and UE power consumption. We thus propose:
[bookmark: _Toc24114568][bookmark: _Toc28870566][bookmark: _Toc40478806][bookmark: _Toc47730073]When nT=nR, n=1,2,4 is supported by the UE, allow the SRS resource set configured for ‘codebook’ to be used for both UL MIMO and for DL CSI acquisition. Reusing the SRS resource set configured for ‘codebook’ also for the case nT<nR is not precluded.
SRS switching for 6 & 8 Rx antennas naturally allows complex switching configurations since there are many more potential combinations of transmit and receive pairs, and will also consume more SRS resource to sound the increased number of antenna ports.  There could be many UE implementations with 6 & 8 Rx, and so one key aspect to understand is what practical UE implementations are envisaged.  For example, given the complexity from such a large number of receive antennas, is it expected that these high end UEs will generally have at least two Tx antennas?
[bookmark: _Toc40478807][bookmark: _Toc47730074]Strive for mechanisms and/or UE capabilities to simplify switching for 6 & 8 Rx antennas, and assess performance vs. complexity tradeoffs.
[bookmark: _Toc40478808][bookmark: _Toc47730075]Identify realistic UE capabilities for enhanced SRS switching, e.g. a minimalistic set of nTmR configurations to support in Rel-17, in particular addressing a minimum number for ‘n’
2.4 SRS capacity and/or coverage
Rel-15 SRS configuration is relatively restricted, since SRS can only be transmitted within the last 6 symbols of a slot.  This limits the raw capacity of SRS for a given amount of time, since a relatively small fraction of the time resource can be used.  It further limits the number of antennas that may be switched over in a slot and the amount of SRS energy that can be transmitted in the slot.  However, this has been corrected in Rel-16 for NR when SRS transmission in any symbol was introduced.  Although it was introduced within the NR-U work item, this UE capability can be supported by any NR UE (not just those supporting shared spectrum access).  Therefore, any Rel-17 SRS enhancements need to ability to have SRS in any symbol as a baseline.
[bookmark: _Toc47647501][bookmark: _Toc47726693][bookmark: _Toc47730076][bookmark: _Toc40478809][bookmark: _Toc47730077]Rel-17 SRS enhancements take SRS in any symbol of a slot as a baseline.
An increased number of symbols per SRS resource can also be used to improve SRS coverage, by using higher order repetition or frequency hopping.  If a full slot is used, then about 5 dB more energy can be delivered for an SRS resource as compared to Rel-15, while transmitting over additional slots can naturally transmit even more energy.  The UE can also transmit SRS in a narrow band, e.g. through frequency hopping, so this can be a complementary or alternative way to obtain high SNR per SRS RE. One drawback, however, with narrow band SRS is that only partial channel knowledge is attained, which will reduce performance in case for example reciprocity-based DL precoding is applied over the full carrier bandwidth. There are significant differences in UE and network implementation according to when SRS symbols are combined within a slot vs. across slots, and whether frequency hopping vs. wideband transmission is used.  The practical gains of these alternatives can be different, especially when impairments such as coherence between transmissions and the impact of channel conditions are taken into account. Moreover, it is desirable to have simple, robust enhancements that can be supported by most or all UEs and operate over a wide range of Doppler shifts and delay spreads.
[bookmark: _Toc40478792][bookmark: _Toc47730085]The whole ‘toolbox’ of techniques (including repetition within and across slots, and frequency selective transmission / hopping) should be considered when evaluating SRS coverage enhancements
[bookmark: _Toc40478793][bookmark: _Toc47730086]SRS enhancements should not be limited to ‘corner cases’, and should assume realistic UE implementation, mobility, channel conditions, and scenarios
Since there is such a variety of potential solutions to Rel-17 SRS enhancement, and since there is no obvious limit on the duration of the enhanced SRS, the use case of the SRSs should be understood in order to specify SRS enhancements that will actually be used in the market.  Two primary use cases come to mind for SRS in the context of study for use within feMIMO: CSI measurement for uplink and for downlink reciprocity-based operation.  Uplink CSI may be used for frequency selective scheduling of different UEs, for UL MU-MIMO scheduling, etc.  Uplink CSI use cases are not so demanding, since uplink MIMO precoding is not frequency selective, typically has relatively simple precoders, and UL MIMO techniques will generally avoid increasing PAPR.  On the other hand, downlink precoding is often frequency selective, and may have quite high PAPR, and use null forming to enhance capacity.  This more advanced use of antenna systems in the gNB and reduced sensitivity to PAPR (at least in ‘capacity’ cells) implies that enhanced SRS SINR is likely to be more needed for downlink CSI for reciprocity based MIMO than for uplink link adaptation.  Therefore, a first step in the study of Rel-17 SRS enhancement for coverage and/or capacity should be to determine how much downlink throughput there is from the improved CSI as a function of the number of extra symbols in the SRS.
[bookmark: _Toc40478794][bookmark: _Toc47730087]Reciprocity based downlink MIMO transmission is generally more sensitive to SRS SINR than UL transmission
[bookmark: _Toc40478810][bookmark: _Toc47730078]Quantify the downlink performance gain of enhanced SRS SINR to determine the need for SRS SINR enhancing mechanisms and how much SINR enhancement they should provide
SRS coverage naturally must take into account the power available for SRS.  Unfortunately, the split of power among SRS resources and ports, i.e. the SRS power scaling, has never been clearly specified for NR.  The problem stems from the fact that the SRS power scaling currently specified in 38.213 section 7.3 below is based on the approach used in LTE that only allowed one SRS resource:
“For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS”
The formulation “configured antenna ports for SRS” is ambiguous. It could for instance be interpreted as one of the following, each of which can result in a different power per SRS port:
a) Number of SRS ports in SRS resource set 
b) Number of SRS ports in the corresponding SRS resource
c) Number of SRS ports transmitted in a given OFDM symbol
d) Number of SRS ports transmitted in time interval 
This ambiguity was discussed at great length in RAN1 (see e.g. [2]), and it was not possible to reach an agreement on how to clarify the behavior or even identify cases where SRS power scaling is left to UE implementation.  Configurations with multiple SRS resource sets, for example with one set for codebook based operation another for antenna switching or for beam management are quite relevant to the study of coverage or capacity of SRS enhancements.  Therefore, RAN1 have to opportunity to fix this longstanding bug in the specs.
[bookmark: _Toc47730079]Clarify SRS power scaling in Rel-17.  Discuss issues such as whether different SRS sets with usage other than beam management can be simultaneously transmitted; whether there can be different numbers of SRS ports in OFDM symbols of an SRS occasion and how the scaling is determined in that case; and any differences in scaling between SRS resource set usages for non-codebook based transmission, codebook based transmission, beam management, and antenna switching.

2.5 Simulation results for DL transmission
In this section we will present results from link level simulations illustrating the impact on DL user throughput due to increased SRS repetition. 
2.5.1 Simulation setup
We list the used simulation parameters in the Appendix. We would from this set of simulations parameters like to emphasize that:
· 32 port base station
· 4 port omni-directional UE
· 3.5 GHz carrier frequency and 40 MHz bandwidth
· CDL-B, with 3 km/h UE speed and 300ns delay spread
Note that increased SRS repetition is modeled in these simulations by emulating increased SRS output power by changing the DL/UL SNR offset. In these simulations, we assume 49 dBm output power at TRP, 23 dBm output power at UE,  6 dB noise figure at TRP, and 9 dB noise figure at UE.  This leads to a 23 dB difference in output power and with the 3 dB difference in noise figure, there is then a total of 23 dB DL/UL SNR difference. The assumption in our simulations is that an increase in SRS output power with 3 dB is equivalent to increasing the SRS repetition with a factor two, and so the DL/UL SNR difference in this case would drop to 20 dB. Note that this way of modeling the SRS repetition factor gives an upper bound of the gain with increased SRS repetition, since two SRS resources transmitted in two different OFDM symbols will in reality experience different channel (due to channel variations/non-ideal TX/RX). However, as long as the SRSs are transmitted within one slot, and the UE speed is small, the model is likely to be give results close to the reality. In case the SRS resources are distributed over more than one slot, however, there might be larger difference between reality and the ideal model, partly since it might be difficult for the UE to maintain a stable phase for SRSs transmitted in different slots.
The difference in DL/UL SNR depends on a number of factors and can vary widely.  If we assume that a single antenna pattern is used for uplink and downlink, we might neglect antenna gain and approximate the difference in UL/DL SNR according to the following.  Note that the SNR values themselves are not realistic at all as pathloss, shadowing, etc. are not present. It is the difference in SNR that is of interest, and such channel losses cancel as they are the same on the uplink and downlink.
Table 1: DL/UL SNR calculation
	[1] gNB Tx Power (dBm)
	53
	53
	49

	[2] gNB transmission bandwidth (PRBs)
	273
	273
	106

	[3] UE noise figure (dB)
	9
	9
	9

	[4] Received SNR at UE (dB)
= [1] -(-174+10*LOG10([2]*12*30e3))-[3]
	138.1
	138.1
	138.2

	
	
	
	

	[5] UE Tx Power (dBm)
	23
	23
	23

	[6] SRS transmission bandwidth (PRBs)
	4
	273
	106

	[7] gNB noise figure (dB)
	5
	5
	5

	[8] Received SNR at gNB (dB)
=[5]-(-174+10*LOG10([6]*12*30e3))-[7]
	130.4
	112.1
	116.2

	
	
	
	

	DL/UL SNR  (dB)
= [4]-[8]
	7.7
	26.0
	22.0



It can be observed that the values vary quite a bit according to the assumptions used.  For example, if 4 PRBs or full bandwidth is assumed for 100 MHz, the SNR difference is 7.7 dB or 26.0 dB, respectively.  Similarly, if 40 MHz and full bandwidth SRS transmission is used (with the noise figures shown), the SNR difference is 22 dB.  Therefore, the value range should be carefully considered and the needed parameters agreed.  Also, the method used here is crude, as it neglects other factors such as differences in antenna patterns on UL and DL, so further refinement may be needed.
[bookmark: _Toc47730080]Companies state how DL/UL SNR or power offset is determined and requisite parameters such as UE & gNB Tx powers & noise figures are agreed.

2.5.2 Simulation Results
Figure 2 illustrates absolute PDSCH throughput for different SRS repetitions for SvD based frequency selective precoding and wideband PMI based precoding. As can be seen, wideband PMI based precoding is competitive to frequency selective reciprocity based SvD precoding for low SNR. Only when the SRS repetition factor goes up towards 8 to 32 there are gains with reciprocity based SvD precoding below 0 dB DL SNR.  
[image: ]
[bookmark: _Ref47532477]Figure 2	PDSCH throughput for frequency selective reciprocity based SvD precoding and wideband PMI based precoding
The gain with increased SRS repetition depends to a great extent on what reference case is used. In Figure 3, wideband PMI based precoding is used a reference. In this case there seems to be large losses even when applying high SRS repetition factor. This is because the wideband PMI based precoding performs better than frequency selective reciprocity based SvD precoding due to poor SRS channel estimation quality, even when reasonably high SRS repetition factor is used.
In Figure 4, frequency selective reciprocity based SvD precoding with SRS repetition factor = 1 is used as the reference. In this case the gains with increasing the SRS repletion become very large for low DL SNR, which seems a bit exaggerated. 
It is reasonable to assume that a network will switch between PMI based precoding and reciprocity based precoding depending on the channel quality (SNR/SINR) that a UE is experiencing. For low SNR/SINR the network is likely to apply PMI based precoding for PDSCH and for higher SNR the network is likely to apply reciprocity based precoding for PDSCH. Figure 5 illustrates the gains with increased SRS repetition assuming that the UE always switch between PMI based precoding and reciprocity based precoding depending on what gives the highest PDSCH throughput. As can be seen the gains are more realistic and easier to understand in this plot. In the remaining part of the contribution, the gains with SRS repetition will be presented like this.
[image: ]
[bookmark: _Ref47532493]Figure 3	PDSCH throughput gains for frequency selective reciprocity based SvD precoding relative wideband PMI based precoding
[image: ]
[bookmark: _Ref47532502]Figure 4	PDSCH throughput gains for frequency selective reciprocity based SvD precoding with higher order repetition factor relative frequency selective reciprocity based SvD precoding with repetition factor 1
[image: ]
[bookmark: _Ref47532514]Figure 5	PDSCH throughput gains for higher order SRS repetition factor when the network switches between frequency selective reciprocity based SvD precoding and wideband PMI based precoding depending on which one gives the highest throughput for the given DL SNR

[bookmark: _Toc47730088]The gains seen with increased SRS repetition factor depend largely on the reference case
[bookmark: _Toc47730081]Use a mix between PMI based precoding and reciprocity-based precoding as reference case when investigating gains with SR repetition

Figure 6 illustrates the PDSCH throughput for wideband (solid lines) and frequency selective precoding (dashed lines) for PMI based precoding and reciprocity based SVD precoding. As can be seen, for PMI based precoding, wideband and frequency selective precoding give almost the same throughput up to 15 dB DL SNR. For reciprocity-based precoding, on the other hand, the gains with frequency selective precoding over wideband precoding is quite large also for quite low DL SNR (above 0 dB), especially for higher order SRS repetition factor. Figure 7, illustrates the gain with increased SRS repetition for wideband precoding (solid lines) and frequency selective precoding (dashed line). As can be seen, the gains with increased SRS repetition is very limited for wideband precoding, while for frequency selective precoding the gains can be quite substantial. Therefore, it is preferred that frequency selective reciprocity based SVD precoding is assumed when determining PDSCH throughput gains with increased SRS repetition factor. 
[bookmark: _Toc47730089]Only minor gains with increased SRS repetition for wideband reciprocity-based precoding.
[bookmark: _Toc47730082]When evaluating gains with increased SRS repetition, assume frequency selective reciprocity based SVD precoding
[image: ]
[bookmark: _Ref47532537]Figure 6	PDSCH throughput for wideband reciprocity based SvD precoding and PMI based precoding (solid lines) as well as PDSCH throughput for frequency selective reciprocity based SvD precoding and PMI based precoding (dashed lines)
[image: ]
[bookmark: _Ref47532544]Figure 7	PDSCH throughput gain for wideband reciprocity based SvD precoding relative PMI based wideband precoding (solid lines) and PDSCH throughput gain for frequency selective reciprocity based SvD precoding relative frequency selective PMI based precoding (dashed lines)

Figure 8 illustrates the PDSCH throughput for three different UE speeds; 3 km/h (solid lines), 30 km/h (dashed lines) and 100 km/h (dashed-dotted lines). As can be seen, the throughput decreases with increased UE speed, especially for higher DL SNR. Figure 9, illustrates the throughput gain with increased SRS repetition for the same three UE speeds; 3 km/h (solid lines), 30 km/h (dashed lines) and 100 km/h (dashed-dotted lines). It can be observed here that the gain from SRS repetition quickly diminishes with increased UE speed. Hence, it is preferred that low UE speeds should be assumed when evaluating gains with increased SRS repetition.
[bookmark: _Toc47730090]The throughput gains with SRS repetition quickly diminished with increased UE speed
[bookmark: _Toc47730083]Low UE speeds should be assumed when evaluating gains with increased SRS repetition
[image: ]
[bookmark: _Ref47532556]Figure 8	PDSCH throughput for wideband PMI based precoding and frequency selective reciprocity based SVD precoding for three different UE speeds; 3 km/h (solid lines), 30 km/h (dashed lines) and 100 km/h (dashed-dotted lines)
[image: ]
[bookmark: _Ref47532567]Figure 9	PDSCH throughput gain for increased SRS repetition for three different UE speeds; 3 km/h (solid lines), 30 km/h (dashed lines) and 100 km/h (dashed-dotted lines)

2.6 	System level evaluations for SRS
In the following, we provide additional assumptions for system-level evaluation of coverage and capacity for SRS baselines and enhancements.  Parameters are based on those discussed over email to be used for Rel-17 MU-CSI evaluations, unless they are incompatible with the needs of SRS evaluations.  Verbatim copies of tentative agreements made during informal RAN1 email discussions just prior to RAN1#102-e are underlined.

	Parameter
	Value

	Duplex, Waveform 
	TDD, OFDM 

	Multiple access 
	OFDMA 

	Carrier frequency range
	3.5 GHz.

	Scenario
	UMi and UMa 200m; UMa 500m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	(M, N, P, Mg,Ng; Mp, Np) = (8,8,2,1,1,4,8). (dH,dV) = (0.5, 0.8)λ.

	Antenna setup and port layouts at UE
	1T4R, 2T4R or 4T4R
4T4RX: (M, N, P, Mg,Ng; Mp, Np) = (1,2,2,1,1;,1,2), (dH,dV) = (0.5, 0.5)λ 

	BS Tx power 
	46, 49, and 53 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

	gNB receiver noise figure
	5 dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC, max code-block size = 8448 bits 

	Numerology 
	Slot 
	14 OFDM symbols per slot

	
	SCS 
	30 kHz 

	Simulation bandwidth 
	20, 40, or 100 MHz


	Frame structure 
	3DL:1UL

	MIMO scheme
	SU/MU-MIMO

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 or 3 with packet size 0.5 Mbytes.

	Traffic load (resource utilization)
	20%, 50%
Companies are encouraged to report the MU-MIMO utilization.

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Evaluation Metric
	DL throughput

	Baseline for performance evaluation
	Rel-16 SRS or PMI/RI/CQI feedback, whichever performs best at the SNR of interest.

	Handover Margin
	3 dB

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

	SRS error modelling
	SRS impairment model as in Table A.1-2 of TR 36.897 with:
· UEs randomly grouped to 8 groups as a baseline.
· A constant  dB can be used as a baseline.
Companies shall report SRS configuration details if they are different from the baseline case.




3	Conclusion
In this contribution, we have explored approaches to increase aperiodic SRS triggering flexibility and reduce PDCCH overhead as well as methods to avoid duplicate SRS configurations with SRS antenna switching.  Issues in SRS coverage evaluation including suitable baselines, metrics, and simulation parameters were also provided.   Furthermore, initial link level evaluations of potential downlink throughput benefits of increased SRS coverage were shown that highlighted the need for wideband SRS to support downlink frequency selective precoding and that high speed scenarios do not seem suitable as a use case.

In the previous sections we made the following observations: 
Observation 1	The whole ‘toolbox’ of techniques (including repetition within and across slots, and frequency selective transmission / hopping) should be considered when evaluating SRS coverage enhancements
Observation 2	SRS enhancements should not be limited to ‘corner cases’, and should assume realistic UE implementation, mobility, channel conditions, and scenarios
Observation 3	Reciprocity based downlink MIMO transmission is generally more sensitive to SRS SINR than UL transmission
Observation 4	The gains seen with increased SRS repetition factor depend largely on the reference case
Observation 5	Only minor gains with increased SRS repetition for wideband reciprocity-based precoding.
Observation 6	The throughput gains with SRS repetition quickly diminished with increased UE speed
Based on the discussion in the previous sections we propose the following:
Proposal 1	Improve the flexibility for slot offset between PDCCH trigger and actual transmission of aperiodic SRS. Consider both explicit (extension of DCI signalling) and implicit (e.g. “transmit SRS in next allowed UL occasion”) methods.
Proposal 2	To reduce the PDCCH load for SRS triggering, consider mechanisms for group triggering of aperiodic SRS for a group of UEs from a single DCI.
Proposal 3	When nT=nR, n=1,2,4 is supported by the UE, allow the SRS resource set configured for ‘codebook’ to be used for both UL MIMO and for DL CSI acquisition. Reusing the SRS resource set configured for ‘codebook’ also for the case nT<nR is not precluded.
Proposal 4	Strive for mechanisms and/or UE capabilities to simplify switching for 6 & 8 Rx antennas, and assess performance vs. complexity tradeoffs.
Proposal 5	Identify realistic UE capabilities for enhanced SRS switching, e.g. a minimalistic set of nTmR configurations to support in Rel-17, in particular addressing a minimum number for ‘n’
Proposal 6	Rel-17 SRS enhancements take SRS in any symbol of a slot as a baseline.
Proposal 7	Quantify the downlink performance gain of enhanced SRS SINR to determine the need for SRS SINR enhancing mechanisms and how much SINR enhancement they should provide
Proposal 8	Clarify SRS power scaling in Rel-17.  Discuss issues such as whether different SRS sets with usage other than beam management can be simultaneously transmitted; whether there can be different numbers of SRS ports in OFDM symbols of an SRS occasion and how the scaling is determined in that case; and any differences in scaling between SRS resource set usages for non-codebook based transmission, codebook based transmission, beam management, and antenna switching.
Proposal 9	Companies state how DL/UL SNR or power offset is determined and requisite parameters such as UE & gNB Tx powers & noise figures are agreed.
Proposal 10	Use a mix between PMI based precoding and reciprocity-based precoding as reference case when investigating gains with SR repetition
Proposal 11	When evaluating gains with increased SRS repetition, assume frequency selective reciprocity based SVD precoding
Proposal 12	Low UE speeds should be assumed when evaluating gains with increased SRS repetition
 
[bookmark: _In-sequence_SDU_delivery]4	References
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5	Appendix: Simulation parameters
	Simulation parameters

	Carrier frequency
	3.5 GHz 

	Bandwidth
	40 MHz 

	Sub-carrier spacing
	30 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8,2,2,1,1), (0.8, 0.5)λ (V,H)-element spacing and 32 ports (hence no subarray virtualization).
Beamwidth = 65x65 degrees

	UE antenna configuration
	Omni: (M,N,P)= (1,2,2) with 0.5λ spacing with omni-directional antenna elements. 

	PDSCH Precoding

	Reciprocity Based SVD Sub-band  (PRG size 4 PRBs), 
Feedback Based (Type I) Sub-band (PRG size 4 PRBs)
Reciprocity Based SVD Wideband 
Feedback Based (Type I) Wideband

	Channel Model 
	CDL-B
UE speed 3 kmph
{300 ns} RMS delay spread
Base station mean azimuth angle of departure = 0°
Base station mean elevation angle of departure = 90°
Base station azimuth angular spread = 15°
Base station elevation angular spread = 2°
UE mean azimuth angle of departure = 0°
UE mean elevation angle of departure = 90°
UE azimuth angular spread = 45°
UE elevation angular spread = 10°

	Dl/UL SNR offset
	2:3:26 dB DL/UL power offset 
Assumptions: 49dBm output power at TRP , 23 dBm output power at UE,  6 dB noise figure at TRP, and 9 dB noise figure at UE (23 dB difference in output power and 3 dB difference in noise figure gives a total of 23 dB DL/UL SNR difference) 

	Link adaptation
	Both outer loop and inner loop link adaptation
Inner loop is based on non-precoded 32-port CSI-RS (both for PMI based and SvD based). 

	CSI periodicity
	5ms

	CSI-delay
	4ms

	Modulation and coding schemes
	256 QAM MCS table

	SRS Antenna Switching Scheme
	 2t/4r or 4t4r

	SRS repetition
	1, 2, or 4

	SRS COMB
	4

	TDD configuration
	3 DL: 2 UL (slots)
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