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Introduction
In RAN1#103e, the following agreements [1] were achieved in the scope of Rel-17 FeMIMO SRS enhancement [2]. 
Agreement #1
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
· FFS whether updating candidate triggering offsets in MAC CE may be beneficial
Agreement #2
Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI 
Agreement #3
In Rel-17 SRS coverage and capacity enhancement, support at least one scheme from Class 2 and Class 3, and deprioritize Class 1.
· Note: Extensions of Rel-15/16 frequency hopping are included in Classes 2 and 3, e.g. where UE hops once per symbol within a Rel-17 SRS resource.
Agreement #4
Candidate schemes for Class 2:
· Scheme 2-0: Increase the number of repetition symbols in one slot
· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
Candidate schemes for Class 3:
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding
· Scheme 3-3: Subband-level partial frequency sounding
· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource
· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling
· Note: Consider issues like gNB receiver complexity,  PAPR, etc., with above schemes
· Note: Joint operation between Class 2 and Class 3 schemes can be considered
Agreement #5
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.
In this contribution, we discuss the technical details on the SRS enhancements. 
Enhancements on aperiodic SRS triggering
NR Rel-15 supports gNB to trigger aperiodic SRS resource set(s) with DCI, to enable dynamic UL/DL channel measurement. However, the current specification support for this feature is quite restrictive. The restriction will lead to PDCCH congestion, unnecessary DCI/RS overhead and/or unnecessary UE power consumption. It’s needed to enhance network’s flexibility when triggering the aperiodic SRS.
More flexible determination of SRS triggering offset
In RAN1#103e, the general framework of SRS triggering offset enhancement has been decided as in the first agreement in Section 1. To complete this feature, the following remaining issues need to be solved.
· Down-selection on the definition of reference slot from the two options.
· The definition of available slots.
· DCI indication of the offset t values.
Definition of reference slot
Two options are proposed to determine the reference slot of slot offset counting.
· Opt. 1: Reference slot is the slot with the triggering DCI
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset
To make both Opt. 1 and Opt. 2 work, gNB needs to configure a list of t values separately from the legacy triggering offset. Upon receiving a DCI indication of t and SRS request in slot n, Opt. 1 means the aperiodic SRS is transmitted in the (t+1)-th available slot counting from slot n, whereas Opt. 2 means the aperiodic SRS is transmitted in the (t+1)-th available slot counting from slot n+k, where k is the legacy triggering offset. Therefore, neither Opt. 1 nor Opt. 2 has backward compatibility issue.
One issue of Opt. 2 is that it restricts gNB to send DCI in certain slots, e.g., some D or S slots before the legacy triggering offset. One specific example is shown in Fig. 1. As shown in this figure, if the configured legacy triggering offset is 3 considering multiplexing with legacy UEs, 
· In Opt. 2, gNB cannot send DCI in the third D slot and S slot, otherwise large latency will be caused as the SRS will be delayed to the next slot format period. 
· This issue does not exist in Opt. 1, with the definition of available slot and DCI indication of slot offset, gNB can send DCI in any of the D and S slots.
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Fig. 1 An example of Opt. 1 and Opt. 2
Observation 1: Opt. 2 restricts gNB to send DCI in certain slots, e.g., the D or S slots before the legacy triggering offset, whereas Opt. 1 does not have such restriction.
Since the intention of having triggering offset enhancement is to provide gNB the flexibility of sending the triggering DCI in any slot which can be used to send DCI, the benefit of such enhancement will be defeated if such restriction in Opt. 2 is imposed. In addition, there is no extra benefit in Opt. 2 compared with Opt. 1. Hence we have the following proposal.
Proposal 1: Support Opt. 1 (reference slot is the slot with the triggering DCI) to determine the reference slot.
Definition of available slots
In Agreement #1, one example of available slot definition is given. We use this as a start point to discuss the detailed definition.
One most critical issue is UE processing complexity of determining availability. If DCI impacts the determination of availability, UE has to monitor DCI and buffer the received symbols for a long time. It will cause significant issue on UE processing timeline. Hence the definition of available slot needs to guarantee DCI will not impact the availability determination. Further, two types of DCI may impact the determination.
· The first type is SFI, if UE receives an SFI to change the slot format of the SRS transmission, the SRS transmission has to be delayed if SFI impacts the availability determination, which cause large UE complexity. Hence, the specification needs to restrict that UE does not expect to receive SFI indication between the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set.
· The second type is DCI scheduling other UL signal/channel, such as PUSCH and/or PUCCH. Similarly, the UE complexity will be high if UE has to take collision with other signal/channel into account in determining available slots. It’s better to follow the legacy collision handling behavior, i.e., collision handling is performed after the determination of available slots. Then if all or a subset of SRS symbols overlaps in time with other higher-priority UL signal/channel, UE will drop the SRS transmission on these symbols.
Another issue is in some cases, the triggered SRS resources needs to be transmitted in one than one slots. For example, for 1T8R antenna switching, 8 SRS resources and 7 gap symbols will cause at least 15 symbols to transmit such SRS, requiring at least two slots. Rel-15 has similar issue for aperiodic 1T4R case, and a similar approach can be used. The 8 SRS resources are firstly divided into two groups (e.g., sets) based on either RRC configuration. Then two available slots needs to be identified, where each of the two slots is used to contain one of the two groups of SRS resources respectively. Such identification can be based on indication of t in DCI. Hence one available slot should be able to accommodate the SRS resources configured for one slot. One example is shown in Fig. 2, where 8 SRS resources S_0 – S_7 are configured in two groups, where one group can be defined as a resource set or subset. Each group corresponds to two available slots for SRS transmission.
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Fig. 2 An example of identifying two available slots for the triggered SRS resources
Based on the above discussion, we have the following proposed definition of available slots.
Proposal 2: 
· “Available slot” is the slot satisfying
· There are UL or flexible symbol(s) for the time-domain location(s) for the SRS resources in one slot in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· UE does not expect to receive SFI indication between the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set.
· Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot. 
DCI indication of t
It has been decided in Agreement #2 that DCI 0_1 and 0_2 can trigger SRS without data and without CSI request. For such non-scheduling DCI, it is straight-forward to re-purpose fields other the SRS request for t indication, so that DCI overhead does not need to be increased. The most straight-forward approach is to reuse the TDRA field, as each TDRA table entry can be associated with one or more t values in the configured list of t for each SRS resource set.
A different approach is needed for the scheduling DCI, i.e., DCI scheduling a PDSCH or PUSCH. To accommodate the indication of t values, either partial trigger states of the SRS request field or partial bits of the other fields needs to be occupied by t.
Proposal 3: 
· For DCI 0_1 and 0_2 triggering SRS without data and without CSI, offset t is indicated by TDRA field.
· For scheduling DCI, use one of the following alternatives to indicate t
· Alt 1: t is indicated in triggering states of SRS request field
· Alt 2: t is indicated in partial bits of at least one of other fields
More flexible triggering for antenna switching
In NR Rel-16 TEI, it is agreed to support more flexible UE capability reporting for SRS antenna switching, in order to achieve better UE power saving and NW configuration flexibility. Specifically, for a UE which can support both 2T4R and downgrading to 1T2R, UE can report a combined capability “t1r1-t1r2-t2r2-t2r4”. gNB can configure either 1T2R or 2T4R. 2T4R can let gNB to get the CSI for the full channel, whereas 1T2R consumes less resource overhead and less UE power. 
· However, as the channel variation can be quite dynamic, and the mapping from the SRS resources in the 1T2R resource set is up to UE implementation. The downgrading from 2T4R to 1T2R can lead to serious performance loss although it reduces RS overhead and UE power consumption. For example, as shown in Fig. 3, the UE is capable of both 1T2R and 2T4R. Assume gNB configures 1T2R, and UE maps the SRS resources to antennas in PA1. If gNB identifies that H1 leads to large performance loss, it can only reconfigure 2T4R by RRC.
· On the other hand, the current configuration for the antenna switching SRS resources is very restrictive. Only one set of periodic or semi-persistent resources and one set of aperiodic resource can be supported. Further, the two sets always correspond to same numbers of Tx/Rx antennas in SRS antenna switching. That is, gNB can only enable one type of Tx/Rx antenna switching at one time, i.e., either 1T2R or 2T4R, through RRC configuration. If gNB finds out 1T2R suffers large performance loss, gNB has to do RRC reconfiguration to enable 2T4R.
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Fig. 3 Downgrading 2T4R to 1T2R
The above issues make the support of the combined UE capability difficult to be used by gNB. To avoid potential performance loss caused by channel variation and the cost of having RRC reconfiguration, gNB would barely choose to configure 1T2R. Then the whole intention of introducing combined capability is defeated. 
Observation 2: For UEs supporting combined capability of SRS antenna switching, if the downgraded antenna switching configuration leads to performance loss, the only thing gNB can do is to reconfigure the SRS resource set for antenna switching to the highest possible configuration that UE can support.
This issue can be solved by allowing both 1T2R and 2T4R in a more adaptive way. For example, gNB can configure both 2T4R and 1T2R SRS resources for the UE. The measurement on the 2T4R resources can be periodic with a large periodicity. The aperiodic resource set can be used for 1T2R. By allowing this, gNB can choose to use the CSI from periodic resource set if the measurement from the aperiodic resources gives poor channel quality. For UE, only one PA is used in the duration between two periodic SRS transmissions, which is known after RRC configuration. Thus power saving and overhead reduction can be achieved. Further, due to dynamic channel change, such as power/phase variation on multiple paths or blocking, it can lead to different antenna sets with different gain. It is beneficial if enhancement can be introduced to let gNB select which subset of Tx/Rx antennas to be triggered with dynamic signaling like DCI or MAC CE so that it can measure and decide which antenna subset should be used. To perform such antenna selection, gNB can minimize the performance loss of triggering a subset of antennas while allowing UE power saving.
In addition, this approach can be used together with overhead reduction configuration mentioned in Section 2.3. For example, if gNB configures same SRS resources for antenna switching and codebook based UL, this indication of a selected subset of Tx/Rx antennas can also achieve antenna selection for PUSCH transmission. This is beneficial for ensuring the performance for PUSCH transmission and saving UE power at the same time.
Proposal 4: Support more flexible triggering for SRS antenna switching by allowing the aperiodic resource set to use a subset of Tx/Rx antennas from the periodic resource set, where gNB indicates the selected subset of Tx/Rx antennas to be triggered with dynamic signaling such as DCI or MAC CE.
Usage/overhead reduction for SRS
Generally, SRS overhead is a critical issue in UL. The total number of SRS resources and the number of simultaneous SRS resources are all UE capabilities. Due to issues like limited power, usually one SRS resource has to occupy a whole OFDM symbol for a UE. Large SRS overhead causes UL performance issue especially considering UL resource is limited in TDD. 
In NR Rel-15, a typical implementation to reduce SRS overhead is to reuse the same resource for antenna switching SRS and codebook SRS. One typical example is shown in Fig. 4. This simple resource reuse can be done by implementation in Rel-15 by configuring a same resource for codebook and antenna switching, and it is beneficial for saving SRS overhead. However, in previous RAN1 meetings, some UE vendors claim that in some cases, e.g., nTmR (where n<m), or UL full power introduced in Rel-16, some UE implementation cannot guarantee that the same resources can be shared. Hence in Rel-17 it is beneficial to introduce a new UE incapability reporting the cases that UE cannot be configured with same SRS resource(s) for antenna switching and codebook based UL. If such incapability signaling is not reported, UE can be configured with shared resources for all the cases.
In some cases, a good resource reuse/multiplexing cannot be achieved simply. There are UEs with a different numbers of Tx antennas for antenna switching and PUSCH transmission. For example, for UEs with maximum two-layer PUSCH transmission and 1T2R for antenna switching, the number of Tx antennas for PUSCH is at least 2, while the number of Tx antennas for antenna switching is just 1. For UEs reporting this capability, if gNB only uses 1 port for UL transmission, UL performance is reduced significantly. If gNB uses 2 ports for UL transmission, how to achieve usage/overhead reduction is not clear for these UEs. Without resource reuse or multiplexing two resources in one OFDM symbol, SRS overhead is large as separate OFDM symbols needs to be occupied by these resources. One simple way to reduce overhead is to implement resource reuse by configuring one resource for antenna switching with one port from the resource configured for codebook based PUSCH, or at least gNB can multiplex one SRS resource for codebook based UL and one SRS resource for antenna switching in a same OFDM symbol. However, this may cause that the antenna switching SRS cannot use full transmission power in one OFDM symbol. Hence, further details to support this type of resource reuse/multiplexing need to be studied. 
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Fig. 4 Resource reuse between different usages.
Observation 3: Resource reuse between different usages is beneficial in terms of SRS overhead/usage reduction. 
· Simple resource reuse can be done by implementation in Rel-15.
· For UEs with different numbers of Tx antennas for antenna switching and PUSCH transmission, how to achieve resource reuse is not clear. 
Proposal 5: For usage/overhead reduction of SRS, study resource reuse/multiplexing among multiple usages, incl. the case UE has different number of Tx antennas for antenna switching and PUSCH.
Enhancements on SRS antenna switching
It has been agreed in Agreement #5 to support SRS antenna switching with {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}. It is straight-forward to link equal number of Rx antennas to each Tx antenna, which is same as legacy antenna switching cases. Hence we propose to support the following SRS resource set configuration to support the new cases.
Proposal 6: Support the SRS resource set configurations in Table 3-1 for SRS antenna switching.
Table 3-1 SRS resource set configurations for new antenna switching cases
	xTyR
	SRS resource set configuration

	
	Number of resources
	Number of ports per resource

	1T6R
	6
	1 per resource

	1T8R
	8
	1 per resource

	2T6R
	3
	2 per resource

	2T8R
	4
	2 per resource

	4T8R
	2
	4 per resource


For the above configurations with large number of SRS resources, e.g., 1T8R, one issue is how to identify more than one available slots to carry aperiodic SRS transmission. Such need exists in at least the following cases
· For UEs not supporting Rel-16 feature (FG 10-11) that SRS can be transmitted in any symbol position in a slot, SRS can only be transmitted in the last 6 symbols in a slot. In this case, SRS resources for 1T6R, 1T8R and 2T8R need to be transmitted in at least two slots, where 1T8R requires 3 slots to carry the SRS resources.
· For UEs supporting Rel-16 feature FG 10-11, 1T8R requires two slots to transmit the triggered SRS resources.
· If repetition or intra-slot hopping is enabled, more cases for aperiodic SRS will need to be transmitted in more than one slots.
In Rel-15 1T4R case, it is supported to transmit the 4 SRS resources in two slots. However, it is quite restrictive that the 4 resources always split to 2 and 2 in the two slots. If the same approach is used for 1T8R, it is always 4 and 4 resources in two slots. Taking gap symbols into account, 4 resources occupies at least 7 symbols as shown in Fig. 2 in Section 2.1.2. In a typical configuration such as DDDSU, there may not be 7 UL symbols in the S slot based on the slot format configuration. The restrictive split of the SRS resources in multiple slots will either reduce the flexibility of slot format configuration, or cause large latency for SRS triggering. Hence it is desired to support more flexible configuration to split the triggered xTyR SRS resources in multiple slots. One simple approach is to configure these SRS resources into multiple groups, where each group of SRS resources corresponds to one slot. In Rel-15 1T4R case, one group is one resource set, and a same definition can be reused in Rel-17. With such configuration, gNB can group the multiple SRS resources in two or three slots based on its need such as coordinating with slot format configuration, reserving potential resources for PUSCH scheduling, etc. 
The next issue is to map the N sets of SRS resources to N identified available slots. The definition of available slots is given in Section 2.1.2, where each identified available slot should be able to accommodate the SRS resources in the corresponding group of SRS resources. Similarly, to achieve flexibility for network, it’s better to let gNB to indicate the locations of the multiple available slots. For example, the locations can be indicated by t values in DCI. Hence the list of t should be configured per SRS resource set.
Proposal 7: On aperiodic SRS for xTyR antenna switching, support RRC configuration to group the SRS resources in N>1 sets, where SRS resources in each set is transmitted in one available slot.
· A list of t values is configured for each SRS resource set. The locations of multiple available slots are indicated by t values in DCI.
Enhancements on SRS coverage and capacity
Two categories for SRS coverage and capacity enhancements have been prioritized in RAN1#103e as follows.
· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition;
· 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.
Multiple candidate schemes have been identified for each class. Evaluation is needed to choose candidate schemes from them.
Class 2: Increase repetitions
This category changes the Rel-15 SRS pattern in one resource from time domain. It introduces extra symbols in time domain for repetition, which is beneficial for coverage. Since Rel-16 FG 10-11 has extended to support SRS transmission in all symbols of a slot, it is possible to extend the maximum number of repetitions as well for better coverage. 
It will cost more SRS overhead for one UE/resource, so the SRS capacity will be reduced. Reducing SRS capacity, i.e., reducing the number of UEs which can be multiplexed in one slot, causes larger SRS periodicity when the number of UEs in a cell is large, as gNB needs to use more slots to accommodate all UEs. Considering in typical frame structure, the number of U slots in one periodicity is quite limited, the periodicity needs to be increased significantly. Based on our simulation in Section 5, increasing SRS periodicity causes large performance loss, which is far more significant than the benefit achieved from channel estimation improvement in system level. 
UE-level TD-OCC can be used on the repetition symbols in order to maintain the SRS capacity. That is, different OCC codes can be configured for different UEs performing repetition. Then for a K-symbol repetition, K UEs can be multiplexed in these symbols by using length-K OCC, which achieves same capacity as not using repetition. Therefore, if repetition is to be increased, it is necessary to use TD-OCC to compensate the negative impact on SRS capacity. Otherwise, large performance loss will appear. 
Class 3: Partial frequency sounding
This category changes the Rel-15 SRS pattern in one resource from frequency domain. It allows more flexible frequency domain resource configuration for SRS to enhance coverage and/or capacity. For example, the flexibility can include allowing non-contiguous subbands in the entire SRS bandwidth, which is Scheme 3-3 (subband-level partial frequency sounding). Another example is Scheme 3-1 (RB-level partial frequency sounding), which is to allow SRS transmission only in partial RBs of each subband, where one subband corresponds to mSRS,x RBs configured by BSRS.
One use case for Scheme 3-1 is to have higher SRS coverage in power-limited scenarios gained from the power boosting provided by transmitting SRS only in partial RBs in one hop, as depicted in Fig. 5. Although SRS is transmitted only in partial number of RBs, it only changes the number of samples gNB can use to calculate precoder. For example, if the precoding granularity is 4-RB, the difference between Fig. 5 and legacy is gNB uses SRS samples in 4 RBs or 2 RBs to do average. The 3dB power boosting can provide larger positive impact on the performance than the negative impact from the reduced number of samples. In addition, the occupied resources are reduced for one UE. The unoccupied resources can be allocated for SRS of another UE. The SRS capacity can be increased as well. Specifically, if only half of the resource blocks in a hop are used for SRS transmission, the maximum number of UEs multiplexed in one slot can be doubled. 
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Fig. 5 Partial-frequency sounding Scheme 3-1 for higher coverage
In next section, we perform link-level and system-level simulations to evaluate different schemes in the three classes.
Evaluation
We conduct both link level and system level simulations to evaluate the performance of selected schemes from Class 2 and Class 3. In our contribution [3] in previous meeting, we have shown that in particular SRS configurations, e.g., frequency hopping with pattern m_SRS,3 = 4, partial frequency sounding can achieve performance gain in terms of UL/DL BLER and throughput. In this section, we simulate more SRS frequency hopping patterns with more schemes. 
In LLS, we evaluate DL BLER for the following schemes with m_SRS,2 = 8 and comb-4. 
· Baseline 1: Rel-15 one-symbol SRS pattern with R=1
· Baseline 2: Rel-15 four-symbol SRS pattern with R=4
· Repetition-8 (Scheme 2-0): 8-symbol SRS pattern with R=8
· Partial (Scheme 3-1): Use partial frequency sounding, for which only 4 consecutive RBs out of 8 RBs in a hop contain SRS transmission
· Comb-8 (Scheme 3-2): Subcarrier-level partial frequency sounding
The SRS channel estimation algorithm is time-domain estimation with window based filtering. Other simulation assumptions are given in Table 6-1 in Appendix. Simulation results are depicted in Fig. 6.
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Fig. 6 LLS results for different schemes on SRS coverage enhancement
We can the following observation on the link-level results.
Observation 4: The following is observed from LLS results for coverage enhancement
· The gain of partial frequency sounding is about 0.5-1dB over baseline.
· The gain of 8 repetitions is about 1-2dB over 4 repetitions.
· Comb8 does not have gain compared with baseline, due to reduced detection window in time domain.
In SLS, we compare UPT of {Baseline 1, Baseline 2, Partial + Baseline 1, Partial + Baseline 2}. We assume the last 4 symbols to transmit SRS in the U slot of the DDDU slot format pattern. SVD precoding and non-PMI feedback are used, which achieves the best performance for TDD reciprocity based operation. Particularly, gNB derives the eigenvectors of the channel based on SRS and uses them to precode CSI-RS for UE to report RI and CQI. SRS periodicities for different schemes are determined based on the number of UEs multiplexed in one slot. For example, if we consider Comb 2 and 32 UEs in a cell, where each UE has 4 ports,
· Baseline 1 can multiplex  UEs in one U slot,
· Baseline 2 can multiplex  UEs in one U slot,
· Baseline 1 + Partial can multiplex  UEs in one U slot,
· Baseline 2 +Partial can multiplex  UEs in one U slot.
Therefore, to accommodate all the UEs, the required periodicities for different schemes are given in the following Table 4-1.
Table 4-1 SRS periodicities for different schemes
	Baseline 1
	Baseline 2
	Baseline 1 + Partial
	Baseline 2 + Partial 

	8 slots
	32 slots
	4 slots
	16 slots


In SRS channel modeling for SLS, Δ is used to quantify the channel estimation processing gain. In order to evaluate the impact of SRS channel estimation of different schemes on UPT, we use two different sets for Δ.
· Assumption 1: All schemes have same Δ value
· Assumption 2: Doubling repetition brings 3 dB gain, and using partial frequency suffers 2 dB loss. It is necessary to note that this assumption is meant to study the impact of Δ on final UPT. It does not mean repetition can have such gain or partial frequency suffers such loss in MSE. This is to include the upper boundary of the best case for repetition and lower boundary of the worst case for partial frequency. The real single link performance is evaluated by LLS.
Other simulation assumptions are given in Table 6-2 of Appendix. Simulation results are given in Table 4-2 and 4-3 for different Δ assumptions.
Table 4-2 Mean UPT of Assumption 1 for different schemes
	 
	Baseline 1
	Baseline 2
	Baseline 1 + Partial
	Baseline 2 + Partial

	RU=20%
	129.1822(Mbps)
	54.321(Mbps)
	173.7622(Mbps)
	85.0749(Mbps)

	
	100%
	42.05%
	134.51%
	65.85%

	RU=50%
	97.8369(Mbps)
	44.4744(Mbps)
	126.9427(Mbps)
	67.7798(Mbps)

	
	100%
	45.45%
	129.74%
	69.27%


Table 4-3 Mean UPT of Assumption 2 for different schemes
	 
	Baseline 1
Δ=9 dB 
	Baseline 2
Δ=15 dB 
	Baseline 1 + Partial
Δ=7 dB 
	Baseline 2 + Partial
Δ=13 dB 

	RU=20%
	129.1822(Mbps)
	55.9668(Mbps)
	170.1151(Mbps)
	87.3215(Mbps)

	
	100%
	43.32%
	131.69%
	67.60%

	RU=50%
	97.8369(Mbps)
	45.7276(Mbps)
	121.8280(Mbps)
	69.3617(Mbps)

	
	100%
	46.74%
	124.52%
	70.90%


From SLS results, we can observe the following.
Observation 5: The following is observed from SLS results for coverage and capacity enhancement
· Partial frequency sounding can bring significant system-level performance gain compared with baseline schemes.
· Performance loss of increasing repetition is significant if there is no way to compensate the loss of SRS capacity.
· Compared with the number of UEs multiplexed in one slot, the SRS channel estimation performance has much smaller impact on the final UPT performance.
Based on the above LLS and SLS results, we can conclude the following.
· Scheme 3-1 has gain on both single-link performance and system-level throughput.
· Scheme 2-0 have gain on single-link performance.
· From system level, it is crucial to use Scheme 2-2 (TD-OCC) or Scheme 3-1 to compensate the loss of SRS capacity if Scheme 2-0 is supported.
We have the following proposal.
Proposal 8: For SRS coverage and capacity enhancement,
· Support Scheme 3-1 (RB-level partial frequency sounding), where gNB can configure SRS transmission only in partial RBs within an SRS hop.
· Support Scheme 2-0 (Increase the number of repetition symbols in one slot) and Scheme 2-2 (Repetition with TD-OCC).
Conclusion
In this contribution, we discuss the issues on SRS enhancements for Rel-17. We have the following observations and proposals.
Observation 1: Opt. 2 restricts gNB to send DCI in certain slots, e.g., the D or S slots before the legacy triggering offset, whereas Opt. 1 does not have such restriction.
Observation 2: For UEs supporting combined capability of SRS antenna switching, if the downgraded antenna switching configuration leads to performance loss, the only thing gNB can do is to reconfigure the SRS resource set for antenna switching to the highest possible configuration that UE can support.
Observation 3: Resource reuse between different usages is beneficial in terms of SRS overhead/usage reduction. 
· Simple resource reuse can be done by implementation in Rel-15.
· For UEs with different numbers of Tx antennas for antenna switching and PUSCH transmission, how to achieve resource reuse is not clear. 
Observation 4: The following is observed from LLS results for coverage enhancement
· The gain of partial frequency sounding is about 0.5-1dB over baseline.
· The gain of 8 repetitions is about 1-2dB over 4 repetitions.
· Comb8 does not have gain compared with baseline, due to reduced detection window in time domain.
Observation 5: The following is observed from SLS results for coverage and capacity enhancement
· Partial frequency sounding can bring significant system-level performance gain compared with baseline schemes.
· Performance loss of increasing repetition is significant if there is no way to compensate the loss of SRS capacity.
· Compared with the number of UEs multiplexed in one slot, the SRS channel estimation performance has much smaller impact on the final UPT performance.
Proposal 1: Support Opt. 1 (reference slot is the slot with the triggering DCI) to determine the reference slot.
Proposal 2: 
· “Available slot” is the slot satisfying
· There are UL or flexible symbol(s) for the time-domain location(s) for the SRS resources in one slot in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· UE does not expect to receive SFI indication between the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set.
· Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot. 
Proposal 3: 
· For DCI 0_1 and 0_2 triggering SRS without data and without CSI, offset t is indicated by TDRA field.
· For scheduling DCI, use one of the following alternatives to indicate t
· Alt 1: t is indicated in triggering states of SRS request field
· Alt 2: t is indicated in partial bits of at least one of other fields
Proposal 4: Support more flexible triggering for SRS antenna switching by allowing the aperiodic resource set to use a subset of Tx/Rx antennas from the periodic resource set, where gNB indicates the selected subset of Tx/Rx antennas to be triggered with dynamic signaling such as DCI or MAC CE.
Proposal 5: For usage/overhead reduction of SRS, study resource reuse/multiplexing among multiple usages, incl. the case UE has different number of Tx antennas for antenna switching and PUSCH.
Proposal 6: Support the SRS resource set configurations in Table 3-1 for SRS antenna switching.
[bookmark: _GoBack]Proposal 7: On aperiodic SRS for xTyR antenna switching, support RRC configuration to group the SRS resources in N>1 sets, where SRS resources in each set is transmitted in one available slot.
· A list of t values is configured for each SRS resource set. The locations of multiple available slots are indicated by t values in DCI.
Proposal 8: For SRS coverage and capacity enhancement,
· Support Scheme 3-1 (RB-level partial frequency sounding), where gNB can configure SRS transmission only in partial RBs within an SRS hop.
· Support Scheme 2-0 (Increase the number of repetition symbols in one slot) and Scheme 2-2 (Repetition with TD-OCC).
Appendix
Table 6-1 LLS assumptions for SRS coverage enhancement
	Parameter
	Value

	Metric
	DL BLER

	Carrier frequency
	3.5 GHz

	SCS
	30kHz

	Channel bandwidth
	20MHz

	Channel model
	CDL-C in TR 38.901

	Delay spread
	300ns

	Angle scaling
	No scaling

	UE speed
	3km/h

	Number of UE antennas 
	4T4R

	Number of gNB antennas
	32T32R

	UE antenna configuration
	Omni

	Rank, precoder and MCS 
	Precoder and rank are adaptive and based on SVD. MCS is fixed.

	Precoding granularity
	4 RBs

	SRS periodicity 
	4 slots

	SRS Comb
	Comb 4

	SRS frequency hopping
	mSRS,2 = 8

	DL SNR
	The difference between DL and UL SNR is 6dB.


Table 6-2 SLS assumptions for SRS coverage and capacity enhancement
	Parameter
	Value

	Metric
	DL throughput

	Baseline
	Rel-15 SRS, the configuration is specified in the main content

	SRS error modelling
	Table A.1-2 of TR 36.897. Δ is specified for different configurations

	SRS periodicity
	For a given scheme, SRS periodicity is 4*K slots. 

	Carrier frequency,  SCS and system bandwidth
	3.5GHz, 30KHz and 20MHz 

	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
	4T4R with omni antennas

	Traffic model
	FTP 3 with 20% or 50% traffic load

	Handover margin
	3dB

	Scenario
	UMa with 200m ISD

	Duplex, Waveform 
	TDD, OFDM 

	Multiple access 
	OFDMA 

	Channel model
	According to the TR 38.901 

	BS Tx power 
	44 dBm for 20 MHz

	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 
	DDDU

	MIMO scheme
	SU/MU-MIMO with dynamic rank adaption 

	Overhead 
	2 OFDM symbols for PDCCH, type 1 for DMRS(24 REs/PRB/slot)

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

	UE receiver
	MMSE-IRC
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