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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, furthering the discussion in [2]. 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 further discussed.  Issues in SRS coverage evaluation including suitable baselines and simulation parameters are also provided.   Furthermore, additional link level evaluations of potential downlink throughput benefits of increased SRS coverage are shown that provide insight into potential use cases.  Initial system level results are given on the efficacy of repetition and frequency hopping, the gains of increased numbers of UE receive antennas, and the benefit of sounding all rather than a portion of the UE receive antennas.
[bookmark: _Ref178064866]2	Discussion
2.1 Aperiodic SRS offset for increased flexibility in triggering
Three candidate refinements to increase the flexibility of aperiodic SRS timing were identified in the previous meeting RAN1#102-e: 
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 vs. 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.
Before focusing on the merits of the alternatives, we first review the problems to be solved. The time between the trigger of an aperiodic SRS and the SRS transmission is semi-static value k, i.e. the slotoffset parameter configured in RRC, for each SRS resource set.  As illustrated in the top portion of Figure 1, this means that an SRS resource set must be triggered in a specific slot since the distance to a UL slot is fixed in a semi-static TDD configuration. 
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.  
[bookmark: _Toc54378764]The fixed time offset between a PDCCH and its triggered aperiodic SRS resource leads to inefficient PDCCH utilization
It is desirable to avoid the PDCCH congestion caused by this fixed time offset, as shown in the lower part of Figure 1.  One such approach is used in LTE, where the SRS is transmitted in the next opportunity.
[image: ]
[bookmark: _Ref54285435]Figure 1 	The static slot offset for aperiodic SRS leads to PDCCH congestion (upper), while if variable delay is supported, the PDCCH load can be distributed (lower).
A second problem with a fixed time offset is that it is not possible to select among different SRS locations in time with a given trigger.  UEs can be configured to use different slot or symbol offsets, but if a UE to be scheduled for SRS transmission collides with another in the same resource, it will have to be deferred to another transmission opportunity.  Indicating a variable offset can therefore even out the load for nearby SRS locations.
[image: ]
Figure 2 	The static slot offset for aperiodic SRS leads to SRS congestion (upper), while if variable delay is signaled, the SRS load can be distributed (lower).
Comparing the problems of PDCCH and SRS congestion, it can be observed that RRC signaling has a symbol level granularity and can distribute the SRS resources over up to 14 transmission opportunities in a slot, whereas it only has a slot level offset to the PDCCH opportunity, and so scheduling restriction is more severe for PDCCH than for SRS.  Furthermore, given the ability to set different comb, cyclic shift, occupied PRBs, as well as the symbols used, there can be many more SRS resources than PDCCHs.  Therefore, the problem of PDCCH congestion seems worse than SRS congestion.
[bookmark: _Toc54378765]The fixed time offset between a PDCCH and its triggered aperiodic SRS resource also leads to less efficient SRS utilization, although the problem seems less severe than for PDCCH
The use of DCI or MAC CE has the normal tradeoff of DCI overhead vs. signaling latency and L1 vs. L2 specification impact.  As a way forward, RAN1 can first decide if dynamic signaling is to be specified in addition to rules to increase slot offset flexibility.  If so, then merits of DCI vs. MAC CE to indicate SRS delay can be analyzed in detail and one of the two can be specified.
Hence, we propose
[bookmark: _Toc24114567][bookmark: _Toc28870565][bookmark: _Toc40478805][bookmark: _Toc54279566][bookmark: _Toc54378775]At least specify implicit (e.g. “transmit SRS in next allowed UL occasion”) methods to improve the flexibility for slot offset between PDCCH trigger and actual transmission of aperiodic SRS.   Additionally consider dynamic signaling of PDCCH to SRS time offset via DCI or MAC CE.
2.2 Group triggering of SRS
It was agreed in RAN1#102-e to further study DCI formats enhancements for SRS triggering, considering UE specific extensions to e.g. DCI 0_1 and group common extensions to e.g. DCI 2_3.  We focus on the second alternative in the following.
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.
Group triggering can facilitate DCI overhead reduction for aperiodic SRS 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 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.
While group-based triggering allows UEs to share a PDCCH to potentially reduce overhead, because all UEs must receive the PDCCH, a worst-case aggregation level must be used to allow the UE in the poorest channel conditions to receive the PDCCH.    This drives up the number of UEs that must be served by a group DCI in order to ensure it is more efficient than UE specific DCI.  Furthermore, UEs will likely only receive one group RNTI, and so the groups of UEs that must be scheduled together is relatively static.  This further reduces the efficiency gains of the DCI or alternatively decreases the SRS scheduling flexibility.  
Group triggering is not the only way to reduce PDCCH overhead while allowing faster control of SRS.  Semi-persistent SRS also allows reduced PDCCH overhead, providing more dynamic control of which UEs are grouped, although at the cost of higher latency triggering.  
Overall, group-based triggering has some promise for PDCCH overhead reduction when many UEs SRSs are triggered simultaneously, but it is more cumbersome than UE specific based approaches.  Therefore, the initial focus on what to specify for SRS enhancement should be on UE specific approaches, while in parallel the use cases and solutions for group-common DCIs are further investigated.
[bookmark: _Toc54279567][bookmark: _Toc54378776]Specify at least UE specific enhancements for SRS triggering, and further investigate mechanisms for group triggering using a single DCI.
[bookmark: _Hlk54356278]2.3 SRS antenna-switching enhancement
2.3.1 Duplicate SRS configurations for antenna switching and codebook
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., two  sets configured for “codebook” and for “antennaSwitching”, respectively. The reason for this is that the specification allows the UE to perform different antenna virtualizations 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 estimates 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. 
There may also be cases where it is beneficial for the UE to use different UE antennas for DL and UL and, hence, the UE may map the SRS resource(s) belonging to an SRS resource set with usage ‘codebook’ to a UE panel that is suboptimal for DL transmission. For example, if a multi-panel FR2 UE chooses a sub-optimum panel due to maximum permissible exposure (MPE) transmission limits, CSI derived from the ‘codebook’ SRS transmitted on the ‘worse’ panel may not accurately reflect the CSI on the ‘good’ panel that the UE actually receives PDSCH upon.  This inaccurate CSI will lead to degraded DL throughput.   
Note that similar examples for could be listed also for FR1 due to various MPE issues, different PA power capabilities, and/or different noise figures for the different UE antennas.
This implies that a gNB always needs to configure two SRS resource sets even in this very typical mode of operation when “nT=nR” holds and UL MIMO is used, which is unnecessary in terms of overhead and UE power consumption. 
UEs having less than half of the number of TX chains compared to the number of RX chains (for example 2T6R, 2T8R), have to be configured (and triggered) with two SRS resource sets, one with usage ‘antennaSwitching’ and one with usage ‘codebook’, since there are a limit of two SRS resources for the SRS resource set with usage ‘codebook (except when ULFPTxModes in PUSCH-Config is set to Mode2)’. In addition, for these UEs, even when separate SRS resource sets are configured for ‘antennaSwitching’ and ‘codebook’, the gNB does not have full control of which UE antennas that should be used for the PUSCH transmission since it is up to UE implementation to determine which of the UE antennas to sound with the two SRS resources in the SRS resource set with usage ‘antennaSwitching’. This is suboptimal since the UE does not have the full channel state information include in UL inter-cell interference etc. We thus propose:
[bookmark: _Toc24114568][bookmark: _Toc28870566][bookmark: _Toc40478806][bookmark: _Toc54279568][bookmark: _Toc54378777][bookmark: _Toc54365746][bookmark: _Toc54369781][bookmark: _Toc54371457][bookmark: _Toc54371489][bookmark: _Toc54371521][bookmark: _Toc54372424][bookmark: _Toc54365747][bookmark: _Toc54369782][bookmark: _Toc54371458][bookmark: _Toc54371490][bookmark: _Toc54371522][bookmark: _Toc54372425][bookmark: _Toc54365748][bookmark: _Toc54369783][bookmark: _Toc54371459][bookmark: _Toc54371491][bookmark: _Toc54371523][bookmark: _Toc54372426][bookmark: _Toc54365749][bookmark: _Toc54369784][bookmark: _Toc54371460][bookmark: _Toc54371492][bookmark: _Toc54371524][bookmark: _Toc54372427]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.
2.3.2 SRS antenna switching for 6R and 8R
SRS switching for 6R and 8R 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 6R or 8R, and so one key aspect to understand is what practical UE implementations are envisaged. Initial system level simulations in section 2.6.4 indicate that there are gains with sounding all eight antennas instead of only sounding four of the antennas for a UE with eight receive chains. Hence there seems to be benefits with adding support in the specification for antenna switching up to 6R and 8R.  However, in case the UE is equipped with a single transmit chain and 8 receive chains, 15 OFDM symbols will be required at a minimum to sound all the UE antennas, which means that more than one slot will be needed to sound all UE antennas, which adds extra complexity. To reduce the specification impact and with the expectation that these high-end UEs will generally have at least two transmit antennas, we believe that 1T8R could be left out of the enhancements (and possibly also 1T6R).
[bookmark: _Toc40478807][bookmark: _Toc54279569][bookmark: _Toc54378778]Strive for mechanisms and/or UE capabilities to simplify switching for 6 and 8 RX antennas and assess performance vs. complexity tradeoffs.
[bookmark: _Toc40478808][bookmark: _Toc54279570][bookmark: _Toc54378779]At least specify SRS antenna switching for 6 and 8 RX where the UE is equipped with at least 2 TX.
2.4 SRS capacity and/or coverage
Three categories of capacity/coverage enhancements have been agreed:
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.
Class 1 can allow better SRS coverage through inter-slot averaging.  As shown in section 2.5.3, SRS bundling can be used to improve reciprocity-based downlink precoding and therefore downlink throughput.  Since these initial results show limited gains, in this case the specification impact for time bundling should be limited and well understood before specifying such a mechanism.
Class 2 can improve SRS SNR by combining the energy of more SRS symbols.  Given that Rel-16 now supports SRS in any symbol, it is a logical next step to allow larger repetition within a slot, so in some senses this can be seen as one starting point for SNR enhancement.  Class 2 uses extra time domain resources, and so can increase overhead.  This lost capacity can be recovered to some degree by applying a time domain cover code.  However, the orthogonality of such a cover code will be sensitive to Doppler shift and frequency error, and so study of these aspects is needed.  Furthermore, depending on the cover code design, UEs may need to be scheduled in the same symbols and with the same length cover code in order to maintain orthogonality.  If there are only a few UEs in the cell needing SRS repetition, then it may be difficult to efficiently use cover-coded resources.  Lastly, as shown in the system level results in section 2.6.2, repeating SRS the same way in all cells in an interference limited system does not improve SRS SIR, and so it is important to consider both interference and SNR combining gain when studying increased repetition of SRS.
Class 3 can improve SRS SNR by concentrating energy in a portion of the band.  This can be seen as a generalization of frequency hopping.  For example, with frequency hopping, half the number of PRBs could be transmitted with twice the power using two symbols, in contrast to time domain repetition which occupies a whole band at the nominal power over two symbols.  Partial frequency sounding could take this principle further by reducing the minimum bandwidth of the SRS from 4 PRBs, to say 1 PRB, further increasing the power in the occupied PRBs.  However, the gains of partial frequency sounding on top of frequency hopping are not necessarily obvious, since gNB can average over multiple PRBs in sufficiently flat channels.  Furthermore, the ability to hop over a whole-slot SRS resource can also extend coverage, so the gains from frequency hopping naturally extend to when the SRS can occupy the whole slot. 
[bookmark: _Toc54378780]SRS coverage/capacity enhancements first exploit the use of the entire slot for SRS, allowing an SRS resource to repeat over the full slot, to hop in each symbol, or both.  Further study the benefit of TD-OCC and partial frequency sounding.
[bookmark: _Toc47647501][bookmark: _Toc47726693][bookmark: _Toc47730076][bookmark: _Toc54370412][bookmark: _Toc54370458][bookmark: _Toc54351665][bookmark: _Toc54354148][bookmark: _Toc54370413][bookmark: _Toc54370459][bookmark: _Toc54351666][bookmark: _Toc54354149][bookmark: _Toc54370414][bookmark: _Toc54370460][bookmark: _Toc54351667][bookmark: _Toc54354150][bookmark: _Toc54370415][bookmark: _Toc54370461][bookmark: _Toc54351668][bookmark: _Toc54354151][bookmark: _Toc54370416][bookmark: _Toc54370462][bookmark: _Toc54351669][bookmark: _Toc54354152][bookmark: _Toc54370417][bookmark: _Toc54370463][bookmark: _Toc54351670][bookmark: _Toc54354153][bookmark: _Toc54370418][bookmark: _Toc54370464][bookmark: _Toc54351671][bookmark: _Toc54354154][bookmark: _Toc54370419][bookmark: _Toc54370465][bookmark: _Toc54351672][bookmark: _Toc54354155][bookmark: _Toc54370420][bookmark: _Toc54370466][bookmark: _Toc54351673][bookmark: _Toc54354156]
2.5 Link-level 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. The following important parameters are used:
· 32 TXRU 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 26 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.  Also, note that assuming the same uplink and downlink antenna patterns is not a realistic assumption for AAS systems, since DMRS is beamformed while SRS is received on each element of the gNB. Moreover, these numbers are best determined in system level simulation, but an approach such as the following can be used to illustrate the need for careful selection of UL/DL power offsets.
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

	
	
	
	

	[9] 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, as discussed above, 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.  While it was agreed in RAN1#102-e that companies are to state the used difference between DL SNR and UL SNR, this does not explain why nor in what scenarios the values are relevant.   Therefore, we suggest that how the offset value is arrived at should explained rather than simply providing the UL/DL SNR difference.
[bookmark: _Toc54279574][bookmark: _Toc54378781]In addition to stating the UL/DL SNR difference, companies state how the DL/UL SNR is determined, including requisite parameters such as UE & gNB Tx powers & noise figures.
In the evaluations, time bundling over 1 (i.e. no time bundling), 2, 3 and 4 slots are considered. Amplitude error between different SRS ports for different slots may affect the performance, and therefore three different magnitudes for the random amplitude errors have been evaluated, 0 dB (i.e. no amplitude error), [-1 to +1 dB] and [-3 to 3 dB], where the amplitude error is uniformly distributed in dB. Note that this amplitude error model will increase the average output power the larger the amplitude error is, however, for these small numbers of amplitude errors, the average power transmission increase can be neglected. 
For the SRS time bundling results, we have used an SRS repetition factor of 4 (i.e. each SRS resource is transmitted four times in each slot, which is modelled as described above with a 6 dB reduction in DL/UL SNR offset).
[bookmark: _Hlk54171511]2.5.2 Simulation Results: SRS Repetition
Figure 3 illustrates the 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 3	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 4, 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 5, frequency selective reciprocity-based SVD precoding with SRS repetition factor = 4 is used as the reference. In this case the gains with increasing the SRS repetition become very large for low DL SNR, which greatly exaggerates the gains, since they come from the poor performance of SRS as a source of CSI in this region. 
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 6 illustrates the gains with increased SRS repetition assuming that the UE always switches 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 remainder of this contribution, the gains with SRS repetition will be presented like this.
[image: ]
[bookmark: _Ref47532493]Figure 4	PDSCH throughput gains for frequency selective reciprocity-based SVD precoding relative to wideband PMI based precoding.

[image: ]
[bookmark: _Ref47532502]Figure 5	PDSCH throughput gains for frequency selective reciprocity-based SVD precoding with higher order repetition factor relative to frequency selective reciprocity based SVD precoding with repetition factor 4.
[image: ]
[bookmark: _Ref47532514]Figure 6	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: _Toc54378766]The gains seen with increased SRS repetition factor depend largely on the reference case.
[bookmark: _Toc54279575][bookmark: _Toc54378782]Use a mix between PMI-based precoding and reciprocity-based precoding as reference case when investigating gains with SR repetition.
Figure 7 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 are quite large also for low DL SNR (above 0 dB), especially for higher order SRS repetition factors. Figure 8 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: _Toc54378767]Only minor gains are found with increased SRS repetition for wideband reciprocity-based precoding.
[bookmark: _Toc54279576][bookmark: _Toc54378783]When evaluating gains with increased SRS repetition, assume frequency selective reciprocity based SVD precoding is used.
[image: ]
[bookmark: _Ref47532537]Figure 7	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 8	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 9 illustrates the PDSCH throughput for three different UE speeds; 3 km/h (solid lines), 30 km/h (dashed lines) and 100 km/h (dash-dotted lines). As can be seen, the throughput decreases with increased UE speed, especially for higher DL SNR. Figure 10 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 (dash-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: _Toc54378768]The throughput gain with SRS repetition quickly diminishes with increased UE speed.
[bookmark: _Toc54279577][bookmark: _Toc54378784]Low UE speeds should be assumed when evaluating gains with increased SRS repetition.
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[bookmark: _Ref47532556]Figure 9	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 (dash-dotted lines).
[image: ]
[bookmark: _Ref47532567]Figure 10	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 (dash-dotted lines).
[bookmark: _Ref54298425]2.5.2 Simulation Results SRS Time Bundling
Figure 11 illustrates absolute PDSCH throughput for different SRS time bundling factors (i.e. number of slots containing SRS transmissions that are averaged together) for SVD based frequency selective precoding and wideband PMI based precoding.  Figure 12 illustrates the throughput gain for the different SRS time bundling factors, where it can be seen that there is a small gain from bundling at the lower SNRs.
 [image: ]
[bookmark: _Ref54365379]Figure 11	PDSCH throughput for wideband PMI based precoding and frequency selective reciprocity based SVD precoding.
[image: ] 
[bookmark: _Ref54365394]Figure 12 	PDSCH throughput gain for SRS time bundling.
Figure 13 illustrates the PDSCH throughput for three different amplitude errors; 0 dB (solid lines), 1 dB (dashed lines) and 3 dB (dash-dotted lines). As can be seen, the throughput decreases with increased UE speed, especially for higher DL SNR. Figure 14, illustrates the throughput gain for the three different amplitude errors; 0 dB (solid lines), 1 dB (dashed lines) and 3 dB (dash-dotted lines). It can be observed here that the gain from SRS time bundling increases with increased amplitude error. The reason for this is that the SRS time bundling has an averaging effect that mitigates the issues related to random amplitude errors at the UE.   Overall, the gains are somewhat significant (on the order of 10% throughput) at amplitude error 3 dB and near 0 dB SNR.
 [image: ]
[bookmark: _Ref54175437]Figure 13  	PDSCH throughput for wideband PMI based precoding and frequency selective reciprocity based SVD precoding for three different amplitude errors; 0 dB (solid lines), 1 dB (dashed lines) and 3 dB (dash-dotted lines).
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[bookmark: _Ref54175448]Figure 14  	PDSCH throughput gain for SRS time bundling for three different amplitude errors; 0 dB (solid lines), 1 dB (dashed lines) and 3 dB (dash-dotted lines).
[bookmark: _Toc54378769]
Gains from SRS time bundling are noticeable, but not large, in the presence of larger amplitude error and at lower SNRs.
2.6 	System-level simulation results for DL transmission
In this section, we additionally provide system-level simulation results for SRS enhancements by evaluating the impact, in terms of DL throughput, of increasing the SRS repetition factor. We also demonstrate the impact of increasing the number of UE antenna ports from 4 up to 8. Finally, we investigate the impact of sounding all or a subset of (partial sounding) the available UE antennas through various antenna-switching schemes with SRS impairments being taken into account.
2.6.1 Simulation setup
We list the system-level simulation parameters in the Appendix. Unless otherwise stated, these are the parameters used throughout this section.
2.6.2 Increased repetition versus increased frequency hopping
In Section 2.5.2, we demonstrated through link-level simulations that increased SRS repetition improves DL throughput. Note that these conclusions hold under the assumption that there is no inter-sector interference from SRS-transmitting UEs in nearby sectors. Next, we evaluate, using system-level simulations, the DL throughput gains associated with increasing the repetition factor for the case when inter-sector interference is taken into account.
[image: ]
[bookmark: _Ref54350401]Figure 15	Mean (top row) and cell-edge (bottom row) DL user throughput as a function of the SRS repetition factor (left column), which is varied between 1—8, and the number of SRS frequency hops per slot (right column), which  is varied between 1—8. Here,  denotes the SRS repetition factor and  denotes the number of SRS frequency hops per slot.

In Figure 15, we show, for the scenario UMa dense urban (i.e., UMa with 200 m ISD), the mean and cell-edge user throughput in the DL as a function of the SRS repetition factor, which is increased from 1 (i.e, no repetition) up to 8. Here, all active UEs are equipped with 2 transmit ports and 4 receive ports, which are sounded using 2T4R antenna switching. Furthermore, the transmission rank is limited to 2 for both SU-MIMO and MU-MIMO. SRS overhead (including antenna-switching guard periods) is not taken into account when computing DL throughputs.
We observe from Figure 15 that increasing the repetition factor yields only marginal throughput gains. This is because the system is interference limited rather than noise limited for the system-level simulation parameters listed in the Appendix. Hence, since it is assumed that all UEs use the same SRS configuration (including the same repetition factor), the level of interference will not decrease by increasing the SRS repetition factor. These results demonstrate the importance of performing system-level simulations for evaluating SRS capacity enhancements, as link-level simulations only tell a part of the full story. In practice, increased SRS repetition will only yield throughout gains for the case when SRS-based channel estimation is noise limited.
[bookmark: _Toc54378770]Increased SRS repetition shows only marginal gains in system-level simulations for which SRS interference is taken into account.
[bookmark: _Toc54298463][bookmark: _Toc54360120][bookmark: _Toc54370428][bookmark: _Toc54370474][bookmark: _Toc54351681][bookmark: _Toc54354164][bookmark: _Toc54365760][bookmark: _Toc54369795][bookmark: _Toc54371471][bookmark: _Toc54371503][bookmark: _Toc54371535][bookmark: _Toc54372438][bookmark: _Toc54378785]Companies take inter-sector interference into account, e.g., by means of system-level simulations, when evaluating SRS coverage and capacity enhancements as this could be a performance-limiting factor in some scenarios.
There exist already several mechanisms for mitigating SRS interference. For example, the SRS SIR can be improved by scheduling fewer SRS resources per transmission comb (i.e., decreasing the number of used cyclic shifts). This approach, however, suffers from the drawback that more time-frequency resources are being used for SRS without improving the SRS SNR.
Alternative approaches to mitigating interference that do not require additional time-frequency resources being used for SRS include increasing the transmission comb and increasing the processing gain by performing more aggressive time-domain windowing. For these approaches to work, we, however, need to make sure that the channel delay spread is sufficiently short such that intra-sector interference and channel impulse-response truncation errors do not become the limiting sources of SRS impairments.
An approach that increases that improves the SRS SINR (i.e., that improves both SRS SNR and SRS SIR) and that requires the same number of time-frequency resources as increasing the repetition factor, is to increase the number of frequency hops per slot for an SRS resource.  In Figure 15, we show also the DL throughput as a function of the number of frequency hops per slot. By increasing the number of frequency hops per slot, we are able to approach the genie-aided (i.e., perfect) CSI throughput, which we were not able to do by increasing the repetition factor. In NR release 16, if resourceMapping-r16 is signaled, the SRS transmission can start in any of the 14 OFDM symbols in a slot. By increasing also the maximum number of SRS symbols per SRS resource (which is limited to 4 in NR release 16) to 14, the SRS frequency hopping can be extended to support more than 4 hops per SRS resource which improves SRS SNR in a similar way as increasing the repetition factor and, as discussed above, brings the additional benefit of also decreasing the level of interference for  a fixed number of time-frequency resources used for SRS.
[bookmark: _Toc54378771]Increasing the number of frequency hops per slot is an effective way to increase DL throughput with the same amount of SRS overhead.
[bookmark: _Toc54294537][bookmark: _Toc54298449]2.6.3 Increased number of UE antennas given perfect CSI
In this section, we evaluate the system-level performance improvements associated with increasing the number of UE antenna elements beyond 4. In an initial study, we consider the ideal case in which perfect CSI is available at the gNBs, which provides an upper bound on the DL throughput gains achievable by increasing the size of the UE antenna array. Specifically, in Figure 16, we show the mean DL user throughput as a function of the served traffic and the number of antenna elements at the UEs for the case when genie-aided (i.e., perfect) CSI is available at the gNBs. In Figure 17, we show the corresponding cell-edge DL user throughput. Here, we provide results for 4, 6, and 8 antenna ports, i.e., 2, 3, and 4 dual-polarized, omni-directional antenna elements, organized in a ULA, at the UEs. Furthermore, the considered scenario is UMi and the transmission rank per user is limited to 2 for both SU-MIMO and MU-MIMO. We observe from Figure 16 and Figure 17, that increasing the number of UE ports from 4 to 8 yields significant DL throughput gains.
[image: ]
[bookmark: _Ref54287706]Figure 16	Mean DL user throughput as a function of the number of UE antenna elements (4R, 6R, and 8R) for the case of genie-aided CSI. Here, the black circles and squares correspond to 20%, 50%, and 70% load points for 4R, SU-MIMO and 4R, MU-MIMO, respectively.
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[bookmark: _Ref54287733]Figure 17	Cell-edge DL user throughput as a function of the number of UE antenna elements (4R, 6R, and 8R) for the case of genie-aided CSI. Here, the black circles and squares correspond to 20%, 50%, and 70% load points for 4R, SU-MIMO and 4R, MU-MIMO, respectively.
[bookmark: _GoBack]To quantify the potential performance enhancements with equipping UEs with more antenna elements, we provide in Table 2 and the mean and cell-edge throughout gains at 20%, 50% and 70% load for SU-MIMO and MU-MIMO, respectively. We note that increasing the number of UE ports from 4 to 6 yields, e.g., a 33% and 53% cell-edge DL throughput gain at 50% load for SU-MIMO and MU-MIMO, respectively. Increasing the number of UE ports to 8 yields 65% and 79% cell-edge throughput gain at 50% load. Interestingly, this holds despite the transmission rank being limited to 2 for both SU-MIMO and MU-MIMO, which suggests that the gain, to a large extent, is due to the UEs being able to better suppress interference when equipped with larger antenna arrays.
[bookmark: _Ref54349011]Table 2	SU-MIMO mean/cell-edge DL throughput gains compared to reference case 4R at 20%, 50%, and 70% system load. Here, we present the gains as /, where  and  denotes the mean and cell-edge user-throughput gain respectively.
	#RX vs Load 
	20%
	50%
	70%

	4R
	0% / 0%
	0% / 0%
	0% / 0%

	6R
	6% / 15%
	20% / 33%
	37% / 105%

	8R
	9% / 22%
	32% / 65%
	59% / 177%


[bookmark: _Ref54349018]
Table 3	MU-MIMO mean/cell-edge DL throughput gains compared to reference case 4R at 20%, 50%, and 70% system load. Here, we present the gains as /, where  and  denotes the mean and cell-edge gain respectively.
	#RX vs Load 
	20%
	50%
	70%

	4R
	0% / 0%
	0% / 0%
	0% / 0%

	6R
	7% / 38%
	20% / 53%
	24% / 55%

	8R
	11% / 62%
	29% / 79%
	40% / 81%



[bookmark: _Toc54378772]Increasing the number of UE antennas from 4 to 8 yields significant DL throughput gains for the case when genie-aided (i.e., perfect) CSI is available at the gNBs.
Further throughput gains can be achieved by increasing the number of UE antenna elements by increasing the maximum transmission rank. In Figure 18 and Figure 19, we compare the SU-MIMO mean and cell-edge DL throughput for the case of SVD precoding with a rank-2 and a rank-4 constraints. We observe that the relative DL throughput gain achievable with increasing the number of UE antennas is increased when the transmission rank is increased.
[image: ]
[bookmark: _Ref54351075]Figure 18	SU-MIMO mean DL user throughput as a function of the number of UE antennas (4R and 8R) and the max transmission rank (2 and 4) for the case of genie-aided CSI. Here, the black circles correspond to 20%, 50%, and 70% load points for 4R, rank-2 SU-MIMO.
[image: ]
[bookmark: _Ref54371328]Figure 19	SU-MIMO cell-edge DL user throughput as a function of the number of UE antennas (4R and 8R) and the max transmission rank (2 and 4) for the case of genie-aided CSI. Here, the black circles correspond to 20%, 50%, and 70% load points for 4R, rank-2 SU-MIMO.
[bookmark: _Ref54364810]2.6.4 Increased antenna switching given SRS-based CSI
In Section 2.6.3, we assumed that perfect CSI is available at the gNBs. In what follows, we shall relax this assumption by considering more realistic SRS-based CSI at the gNBs (the considered SRS configuration is summarized in the Appendix). 
In Figure 20 and Figure 21, we compare, for the case of MU-MIMO (for which the transmission rank is limited to 2), the mean and cell-edge DL user throughput achievable for genie-aided and SRS-based CSI for UEs equipped that are with 4 and 8 receive ports. The number of transmit ports is limited to 4 irrespectively of the number of receive ports. Here, for UEs with 4 receive ports, we perform UL channel sounding using 4T4R antenna switching. For UEs with 8 receive ports, we evaluate 4T4R (i.e., partial sounding for which only 4 out of the 8 UE ports are sounded using a single quad-port SRS resources) and 4T8R (i.e., full sounding for which all UE ports are sounded using two quad-port SRS resources) antenna switching.
[bookmark: _Ref54366410]Table 4	MU-MIMO mean DL throughput gains, compared to reference case full sounding of 4 UE antennas using 4T4R antenna switching, at 20%, 50%, and 70% system load. 
	Config vs Load 
	20%
	50%
	70%

	Full, 4/4, Genie
	0% 
	0%
	0%

	Full 4/4, SRS
	-8%
	-30%
	-

	Full, 8/8, Genie
	11%
	29%
	40%

	Full, 8/8, SRS
	7%
	14%
	13%

	Partial, 4/8, Genie
	7%
	20%
	28%

	Partial, 4/8, SRS
	4%
	1%
	-15%



Focusing on Figure 20, i.e., on mean DL user throughput and on MU-MIMO for which we have collected the corresponding DL throughput gains at 20%, 50%, and 70% load in Table 4, there are a few observations that we can make. First of all, we observe that increasing the number of UE antennas from 4 to 8 yields significant DL throughput gains also in the more realistic case of SRS-based CSI acquisition. Interestingly, this holds whether or not all UE antennas are sounded or not. Indeed, partial sounding achieves a considerable portion of the full-sounding mean DL user throughput. Again, it should be noted that these are initial simulation results, and so observations on trends and somewhat coarse estimates of gain can be made; more in depth simulation is needed to provide precise gains.  We summarize these observations below.
[bookmark: _Toc54378773]Increasing the number of UE antennas from 4 to 8 yields significant throughput gain (see, e.g., Table 4) also in the case of SRS-based CSI acquisition using antenna switching. 
[bookmark: _Toc54378774]Sounding all of 8 receive antennas provides significant throughput gains over sounding 4 of 8 receive antennas, at least in the case of MU-MIMO.  
As a final remark, we observe that our system-level simulation results show a significant performance loss, compared to the genie-aided CSI case, for the case of SRS-based CSI. As discussed in Section 2.6.2, for the considered simulation parameters, the SRS-based channel-estimation procedure is interference limited. By spreading the SRS resources over a larger number of time-frequency resources, we are able to approach the genie-aided CSI performance also for the case of SRS-based CSI at the cost of increased SRS overhead compared to the baseline scenario in the Appendix.
[image: ]
[bookmark: _Ref54364895]Figure 20	MU-MIMO mean DL user throughput as a function of the number of UE antenna elements (4R and 8R) for the case of SRS-based and genie-aided CSI. Here, the black circles correspond to 20%, 50%, and 70% load points for reference case full sounding, 4T4R, rank-2 (per user) MU-MIMO.
[image: ]
[bookmark: _Ref54365073]Figure 21	MU-MIMO cell-edge DL user throughput as a function of the number of UE antenna elements (4R and 8R) for the case of SRS-based and genie-aided CSI. Here, the black circles correspond to 20%, 50%, and 70% load points for reference case full sounding, 4T4R, rank-2 (per user) MU-MIMO. 
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, and simulation parameters were also provided.   Furthermore, 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.  Initial system level results were given on the efficacy of repetition and frequency hopping when ideal CSI and CSI measured from SRS are used, the gains of increased numbers of UE receive antennas, and the benefit of sounding all rather than a portion of the UE receive antennas.
We made the following observations: 
Observation 1	The fixed time offset between a PDCCH and its triggered aperiodic SRS resource leads to inefficient PDCCH utilization
Observation 2	The fixed time offset between a PDCCH and its triggered aperiodic SRS resource also leads to less efficient SRS utilization, although the problem seems less severe than for PDCCH
Observation 3	The gains seen with increased SRS repetition factor depend largely on the reference case.
Observation 4	Only minor gains are found with increased SRS repetition for wideband reciprocity-based precoding.
Observation 5	The throughput gain with SRS repetition quickly diminishes with increased UE speed.
Observation 6	Gains from SRS time bundling are noticeable, but not large, in the presence of larger amplitude error and at lower SNRs.
Observation 7	Increased SRS repetition shows only marginal gains in system-level simulations for which SRS interference is taken into account.
Observation 8	Increasing the number of frequency hops per slot is an effective way to increase DL throughput with the same amount of SRS overhead.
Observation 9	Increasing the number of UE antennas from 4 to 8 yields significant DL throughput gains for the case when genie-aided (i.e., perfect) CSI is available at the gNBs.
Observation 10	Increasing the number of UE antennas from 4 to 8 yields significant throughput gain (see, e.g., Table 4) also in the case of SRS-based CSI acquisition using antenna switching.
Observation 11	Sounding all of 8 receive antennas provides significant throughput gains over sounding 4 of 8 receive antennas, at least in the case of MU-MIMO.
Based on the discussion in the previous sections and observations, we propose the following:
Proposal 1	At least specify implicit (e.g. “transmit SRS in next allowed UL occasion”) methods to improve the flexibility for slot offset between PDCCH trigger and actual transmission of aperiodic SRS.   Additionally consider dynamic signaling of PDCCH to SRS time offset via DCI or MAC CE.
Proposal 2	Specify at least UE specific enhancements for SRS triggering, and further investigate mechanisms for group triggering using 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 and 8 RX antennas and assess performance vs. complexity tradeoffs.
Proposal 5	At least specify SRS antenna switching for 6 and 8 RX where the UE is equipped with at least 2 TX.
Proposal 6	SRS coverage/capacity enhancements first exploit the use of the entire slot for SRS, allowing an SRS resource to repeat over the full slot, to hop in each symbol, or both.  Further study the benefit of TD-OCC and partial frequency sounding.
Proposal 7	In addition to stating the UL/DL SNR difference, companies state how the DL/UL SNR is determined, including requisite parameters such as UE & gNB Tx powers & noise figures.
Proposal 8	Use a mix between PMI-based precoding and reciprocity-based precoding as reference case when investigating gains with SR repetition.
Proposal 9	When evaluating gains with increased SRS repetition, assume frequency selective reciprocity based SVD precoding is used.
Proposal 10	Low UE speeds should be assumed when evaluating gains with increased SRS repetition.
Proposal 11	Companies take inter-sector interference into account, e.g., by means of system-level simulations, when evaluating SRS coverage and capacity enhancements as this could be a performance-limiting factor in some scenarios.
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5	Appendix: Simulation parameters

	Link-level simulation parameters

	Carrier frequency
	3.5 GHz 

	Bandwidth
	40 MHz 

	Subcarrier 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
	256 QAM

	SRS antenna switching scheme
	 2T4R

	SRS repetition
	1, 2, or 4

	SRS comb
	4

	TDD configuration
	3 DL: 2 UL (slots)



	System-level simulation parameters

	Metric
	DL mean and cell-edge user throughput

	Traffic model
	FTP Model 1

	Number of sites
	19

	Number of UEs
	2000

	UE distribution
	80% indoor and 20% outdoor

	Handover margin
	3 dB

	Carrier frequency
	3.5 GHz 

	Bandwidth
	40 MHz 

	Subcarrier spacing
	30 kHz

	Channel model
	38.901

	Scenario
	UMi/UMa with 200 m ISD

	Packet size
	500 kB

	BS antenna configuration
	(, , , , , , ) = (8, 8 ,2, 1, 1, 4, 8) with (, ) = (0.5, 0.8)


	UE antenna configuration
	(, , ) = (1, {1,2,3,4} ,2), 0.5 element spacing, omni-directional elements


	MIMO scheme
	SU-MIMO and MU-MIMO

	Precoder
	Reciprocity-based SVD and SLNR for SU-MIMO and MU-MIMO, respectively

	BS antenna height
	10 m and 25 m for UMi and UMa, respectively 

	BS transmit power
	47 dBm for 40 MHz bandwidth

	BS noise figure
	5 dB

	UE antenna height
	According to 36.873

	UE transmit power
	At most 23 dBm (set through SRS power-control loop)

	UE noise figure
	9 dB

	Modulation
	Up to 256 QAM

	SRS error model
	36.897

	SRS: number of (used)
cyclic shifts
	8

	SRS: number of frequency hops (baseline)
	1

	SRS: processing gain
	9 dB

	SRS: repetition factor (baseline)
	1

	SRS: transmission comb
	2

	SRS periodicity
	5 slots

	SRS antenna 
switching (baseline)
	2T4R
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