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1	Introduction
In RAN#86, enhancements on SRS operation were approved to be considered and specified as part of the further enhancements on MIMO WID [1]. The objectives for the SRS enhancements are stated as follows [1]:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows: 
· Extend specification support in the following areas [RAN1]
…
· 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
       …


2	Discussion on SRS Enhancements 

2.1	Triggering Enhancements
The previous meeting’s agreements related to SRS triggering enhancements are summarized in the text bellow. 
	Agreement
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.
· [bookmark: _Hlk61612056]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
· 



Unless we consider negative value of ‘t’, option 2 may mean Rel-17 that delayed transmission of A-SRS transmission only is supported, as a way of SRS transmission adjustment in time domain. In some of TDD configuration, A-SRS transmission ‘always later than K2’ may cause significantly delayed transmissions of SRS. Thus, to support better flexibility, option 1 is supported. 
[bookmark: _Ref61884214]Proposal 1: RAN1 supports either increasing or decreasing of triggering offset for aperiodic SRS transmission. Support option 1: Reference slot is the slot with the triggering DCI. 

In RAN1-102e meeting, MAC CE based indication mechanisms was identified as a candidate scheme for Rel-17 to enable more dynamic reconfiguration of slot-offset parameter associated with aperiodic SRS resource set compared with Rel-15 RRC-signaling based solution. The time scale of MAC CE based slot-offset parameter reconfiguration is about HARQ ACK/NACK feedback + 3ms that is significantly shorter w.r.t. RRC-signaling based approach (tens of millisecond). In addition to the shorter time scale for the reconfiguration, MAC CE provide other benefits such as: reduced impact to L1-specification, no impact to the coverage of PDCCH. 
[bookmark: _Ref61884376]Observation 1: The time scale for MAC CE based slot offset reconfiguration is a significantly shorter with respect to Rel-15 based RRC-signaling based solution. 
To enable new MAC CE for the reconfiguration of slot-offset parameter for a specific aperiodic SRS resource set, it needs to consist of a serving cell ID, BWP ID,  SRS resource set ID as well as slot-offset values. Figure 1 shows an example of new MAC CE that enables to select one of the preconfigured slot-offset values.  
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[bookmark: _Ref54213818]Figure 1 an example of MAC CE for slot-offset reconfiguration.

· Serving Cell ID This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5-bits
· BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2-bits
· SRS set ID: This field indicates aperiodic SRS set ID for which MAC CE applies activated pre-configured slot-offset value
· Soi: If there SRS set w/ SRS set ID configured with slot-offset value, Soi field indicates activation status of this field, otherwise, MAC entity can ignored it. The Soi field set to 1 indicates shall be activated (==overwrite the existing value with activated preconfigured slot-offset value ) (1 bit)
· R: Reserved bit, set to 0, 1-bit

[bookmark: _Ref61884441]Observation 2: To enable dynamic reconfiguration of slot-Offset parameter aperiodic SRS resource sets, it is beneficial MAC CE to have the following information fields: Serving cell ID, BWP ID, set of pre-configured slot-offset values.

[bookmark: _Ref61884489]Observation 3: MAC CE based approach can be seen as a feasible option for the reconfiguration of slot-offset parameter for aperiodic SRS resource set in Rel-17.

Even though MAC CE approach provides a clean solution for the time-offset reconfiguration, it is usage is limited to those use-cases where the value of slot-offset associated with aperiodic SRS resource set is larger than 3ms associated with MAC CE latency from triggering time instant. When the slot-offset value is smaller than MAC CE latency from triggering time instant, the gNB needs to transmit MAC CE via PDSCH 3ms before actual slot-offset change or use different solution.
[bookmark: _Ref61884584]Observation 4: MAC CE based approach needs gNB to send slot offset update indication before the triggering of A-SRS, if the slot offset is less than MAC CE activation latency. 

	Agreement
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 




[bookmark: _Ref61884775]To inform the UE that no data transmission is scheduled, we suggest to utilize legacy field instead of introducing new filed in DCI. We may have two options on how to utilize the legacy field, either let gNB to inform ‘unsupported’ value in certain field, e.g., indicating unsupported bandwidth such as no RB/RBG to be scheduled for PUSCH transmission via frequency domain resource assignment filed, or let gNB indicated ‘reserved bits’ in certain field, e.g., codepoints 28~31 in Modulation and coding scheme filed. 
[bookmark: _Ref61885150]Observation 5: Two options are available for informing no data scheduled via DCI format 0_1 or 0_2. Option 1: gNB informs unsupported value via one or multiple of DCI field(s).Option 2: gNB indicates ‘reserved bits’, in one or multiple of DCI filed(s)
Option 1 will provide forward compatible solution, unless UE would not assume the reception of such configuration as an error case. 
[bookmark: _Ref61885675]Proposal 2: Utilize frequency resource allocation field to indicate no data is scheduled via DCI format 0_1/ 0_2
To further enhance the flexibility of triggering of aperiodic SRS resource set(s) layer-one (L1) based reconfiguration mechanism, i.e. UE or group-common PDCCH with DCI, can be seen as a feasible approach. Rel-15 provides already support for UE specific triggering of aperiodic SRS resource set(s) with PDCCH with SRS-request field as a part of DCI with UL/DL grant. DCI based scheme can provide support for the time-scale adaptation granularity into a slot-level (absolute timing scaling with numerology). However, since current DCI formats (UE-specific and group-common) for UL/DL do not provide support for a slot-offset value adaptation, a new DCI format needs to be designed with new information field or reusing of existing DCI formats by re-purposing some existing information fields in DCI. 
In general, the introduction of new additional information field means that a new UL/DL DCI format needs to be designed. Depending on the payload size of the new DCI format, the coverage of PDCCH may be impacted negatively which is, clearly, not desirable. However, the new DCI format does not necessarily need to carry the same bit fields as existing ones reducing the impact to the coverage of PDCCH. 
The situation/requirement should be the same for  group common DCI based triggering of A-SRS. Group-common PDDCH can enable simultaneous triggering of aperiodic SRS resource set(s) for multiple UEs. This can be seen as a beneficial in use-cases, for example where UL/DL CSI is needed via UL SRS sounding from a large number of UEs. As a result of this, signaling overhead related to UE specific PDCCH as well as extra scheduling latency related of aperiodic SRS resources may be reduced. Despite of these benefits, it may be beneficial to design single DCI format that works in both UE and group-specific scenarios without any additional specification impacts. Therefore, it is beneficial to use user-specific PDCCH with DCI with the extension of existing DCI format or new format in all use-cases.
[bookmark: _Ref61885839]Observation 6: Considering the trade-off between the complexity/workload and the supported flexibility, UE-specific PDCCH based triggering mechanisms can be seen as feasible option for the flexible triggering of slot-offset value associated with aperiodic SRS resource set(s).     
[bookmark: _Ref61886087]Proposal 3: Consider DCI 0_1 or 0_2 without data/CSI as the only option for the flexible triggering of A-SRS, as starting point.  
As mentioned, the re-purposing of bit-fields in existing DCI formats can be seen as an alternative way to enable the use of current DCI formats in UL/DL. For example, bit fields in DCI formats  related MCS or HARQ ACK/NACK can be re-purposed for the slot-offset value indication. However, in the case of re-purposing some additional higher layer signaling may be needed to distinguish Rel-15/16 legacy and Rel-17 UE operations. 
Similar to MAC CE based approach, RRC signaling can be used to preconfigure different slot-offset values out of which the slot-offset value is indicated for the activated SRS resource set via SRS-request field in DCI for UE-specific PDCCH.
[bookmark: _Ref61886435]Proposal 4: Support both MAC CE and UE-specific PDCCH for the reconfiguration of slot-offset value associated with aperiodic SRS sets with the following conditions: When the slot-offset value is larger than MAC CE activation latency time, MAC CE reconfiguration of the slot-offset value can be used. When the slot-offset value is shorter or equal than MAC CE activation latency time, UE specific-PDCCH reconfiguration of the slot-offset value can be used.  
       
2.2	Coverage Enhancements
	· 

	Agreement
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
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




Rel-16 SRS configuration for positioning provides a support for enhanced SRS transmission by enabling single SRS resource to be configured  up to 12 different SRS symbols per slot. Furthermore, Rel-16 SRS configuration for NR-U enables SRS resource to be configured into any symbol locations within a slot. Therefore, it is feasible to assume that SRS enhancements for Rel-17 MIMO use aforementioned configurations as a baseline for further enhancements in terms of coverage and capacity.
[bookmark: _Ref61886488]Observation 7: Rel-16 SRS for positioning provides support up to 12 different SRS symbols per slot. 
[bookmark: _Ref61886543]Proposal 5: Adapt Rel-16 SRS positioning and Rel-16 SRS NR-U configurations as a basis for Rel-17 SRS enhancements.

2.2.2 Class 2: Repetition
Class 2 schemes target coverage enhancements using the repetition of UL SRS resources. Figure 2 provides an example of achievable received power gains with Scheme 2-0 where power gains can be obtained by increasing the number of repeated symbols up to 12. For example, when  12 symbols  in a slot  are repetitioned, 4.8 dB increase in received power can be achieved with respect to the Rel-15 solution. As a result of the obtained received power gain, the coverage can also be enhanced with respect to Rel-15 baseline solution. 
     
[image: ]
[bookmark: _Ref54337485]Figure 2 an example of potential achievable power gains with Scheme 2.
[bookmark: _Ref61886527]Observation 8: Scheme 2-0 can achieve power gains up to  4.8 dB compared with  Rel-15 solution.
Regarding to a receiver computational complexity of the Scheme 2-1, the SRS based channel estimates are computed  by combining repeated SRS resource-wise estimates. Depending on the implementation of the resource-wise estimator and combining algorithms (e.g. coherent/partially coherent/non-coherent), above power gains may be achievable with a moderate computational complexity at the gNB-side.    
[bookmark: _Ref61886648]Observation 9: Computational complexity for the reception of the Scheme 2-0 can be seen as feasible.  
Regarding to discussion on the scheme 2-1, it can be observed that inter-slot distribution of the repeated SRS symbols may reduce scheduling restrictions of UL signals/channels/reference signals in the system. It can be assumed that repeated SRS symbols can be configured into consecutive slots or non-consecutive slots, as shown in Figure 3. From system perspective, the inter-slot distribution is a clear benefit of the Scheme 2-1. On the other hand, depending on the mobility of UEs, the inter-slot distribution of repeated SRS transmission may cause problems at least with high speeds. From a system perspective, it is beneficial to consider the Scheme 2-1 as an integral part of the Scheme 2-0. 
[bookmark: _Ref61886755]Observation 10: Scheme 2-1 can provide further configuration flexibility by allowing contiguous and non-contiguous inter-slot distribution of repeated SRS symbols.   

[image: ]
[bookmark: _Ref54307173]Figure 3 an example of inter-slot repetition with consecutive and non-consecutive slots. 
[bookmark: _Ref61886779]Observation 11: it is beneficial to consider the Scheme 2-1 as an integral part of the Scheme 2-0. 
Regarding to the scheme 2-2, TD-OCC-K is applied in time over K repeated SRS symbols. As a result of this, K-different repeated SRS associated with other UEs can be multiplexed with each others. Despite of multiplexing gain with other UEs,  each UE associated with TDD-OCC can not multiplex any other own signals/channels/reference signals over K-repeated SRS symbols. From the perspective of specification, the impact of TD-OCC can be easily limited to the introduction of TD-OCC with length K. 
[bookmark: _Ref61886856]Observation 12: Scheme 2-2 (TD-OCC) can increase the multiplexing capacity of different  SRS transmission with certain conditions.
[bookmark: _Ref61886798]Proposal 6: Combine Scheme 2-0 and Scheme 2-1 for enabling further flexibility for configuring SRS transmission across different slots. 

Performance Results for Scheme 2-0
Figure 4 and Figure 5 show DL throughput comparison of DL PDSCH with comb-2 and comb-4 UL SRS based DL CSI acquisition with different values of repetition factor, R=1,4,8,12. As can be observed, Scheme 2-0 with, R=8 and R=12, symbols outperform existing Rel-15. Moreover, it can be observed that the scheme 2-0 is robust against phase coherence  impairments and their impact has very a marginal impact to the throughput of PDSCH.
[image: ]
[bookmark: _Ref59113461]Figure 4 DL throughput comparison of PDSCH with different UL SRS (comb-2) repetition factors, R=1,4,8,12 w/ and w/o antenna port phase incoherence impairments. 
[image: ]
[bookmark: _Ref61438588]Figure 5 DL throughput comparison of PDSCH with different UL SRS (comb-4) repetition factors, R=1,4,8,12 w/ and w/o antenna port phase incoherence impairments.
Table 2 and Table 3 provide a summary of throughput comparison of PDSCH with Scheme 2-0 with respect to Rel-15 (R=4). Maximum achievable throughput gains can be obtained with Scheme 2-0 at the low SNR region  w/0 (113%) and w (114%) phase coherence impairments. 
[bookmark: _Ref61438820]Table 2 Relative throughput percentage gains between Rel-15 and Rel-17 intra-slot repetition candidates without antenna port phase coherence impairments (Rel-15 w/ R=4 used as a reference ).
	
	SNR [dB]

	R
	-10
	-5
	0
	5

	
	Comb-2
	Comb-4
	Comb-2
	Comb-4
	Comb-2
	Comb-4
	Comb-2
	Comb-4

	8
	107 % 
	109 %
	104 % 
	104 %

	102 % 
	102 %

	101 % 
	101 %


	12
	113 % 
	113 % 
	106 % 
	106 % 
	102 % 
	102 % 
	101 % 
	101 %



[bookmark: _Ref61439210]Table 3 Relative throughput percentage gains between Rel-15 and Rel-17 intra-slot repetition candidates with antenna port phase coherence impairments (Rel-15 SRS w/ R=4 used as a reference).
	
	SNR [dB]

	R
	-10
	-5
	0
	5

	
	Comb-2
	Comb-4
	Comb-2
	Comb-4
	Comb-2
	Comb-4
	Comb-2
	Comb-4

	8
	109 %
	107 %
	105 %
	105 %
	102 %
	102 %
	101 %
	101 %

	12
	114 %
	114 %
	107 %
	107 %
	103 %
	103 %
	101 %
	101 %



[bookmark: _Ref61886964]Observation 13: Scheme 2-0 with repetition factor of R=8,12 outperform existing Rel-15 solutions (R= up to 4).
[bookmark: _Ref61886979]Observation 14: For Scheme 2-0 the impact of antenna port coherence impairments are marginal.   

2.2.3 Class 3: Partial Frequency Sounding 
In previous meeting five different Class 3 partial frequency sounding schemes were identified. 
 
Regarding to a discussion on Scheme 3-1, SRS resources of partial frequency sounding are assumed to be configured at PRB-level. By following Rel-15 SRS design principle the granularity of the SRS bandwidth is four consecutive PRBs in frequency. One or more minimum SRS bandwidths can to be contiguously or non-contiguously configured in frequency domain over different transmission time instants where dummy PRBs can be configured between the one or more minimum SRS bandwidths or for remain PRBs across entire active UL PWB. 
According to our understanding, the scheme 3-1 provides similar support for a partial frequency sounding at PRB-level as Rel-15 SRS where a dedicated parameter defines the index of the first PRB index of the maximum SRS bandwidth associated with UL BWP. Furthermore, it can be assumed that the SRS resource of the Scheme 3-1 can be configured with or without frequency hopping (FH) as well as with or without repetition. As a result of this, the Scheme 3-1 can be seen similar as Rel-15 SRS resource configuration. 
[bookmark: _Ref61887119]Observation 15: Scheme 3-1 provides similar support for PRB-level partial frequency sounding as Rel-15 SRS.
When using of a partial amount of PRBs out of the total PRBS assigned for UL active BWP, the scheme 3-1 enables the use of a TX power boosting that can be beneficial operation especially at a cell-edge. Since the TX power boosting leads to higher SNR at a receiver, more reliable channel estimates can be computed from the received SRS reouce(s).
[bookmark: _Ref61887164]Observation 16: Scheme 3-1 provide similar supports UL TX power boosting as Rel-15. 
Despite of  TX power boosting gain, it introduces a co-existence restriction for the use of other type of signals/channels/reference signals from the same UE into the same SRS symbols. However, the multiplexing of transmission of other users associated signal/channel/reference signal is not excluded. In fact, this is a clear benefit compared to the Scheme 2-2 that restricts the multiplexed signal use TDD-OCC w/ length K. 
Additionally, the reliability ofDL/UL CSI computation based on SRS with frequency hopping may suffer from the impact of TX antenna port incoherence impairments.  However, the influence of the antenna port incoherence may depend on the actual UE implementation. 
[bookmark: _Ref61887208]Observation 17: Scheme 3-1 enables flexible  multiplexing of signals/channels/reference signals from other UEs into the same SRS symbols. 

To further increase the configuration flexibility in frequency domain, Scheme 3-2 assumes that new (RE) patterns are considered. By following Rel-15 RE-pattern design for the SRS, RE densities can be assumed to be reduced leading to the following comb-based options: comb-8 (Rel-16 positioning) and comb-12. Since the channel estimation performance is determined by the combination of PRB level and RE-allocation, it is reasonable to consider Scheme 3-2 as a part of the Scheme 3-1.

[bookmark: _Ref61887299]Observation 18: It is reasonable to consider the Scheme 3-2 as a part of the Scheme 3-1.

Related to a discussion on the Scheme 3-3, according to our understanding one of the main differences between the  Scheme 3-1 and the Scheme 3-3 is that the minimum SRSbandwidth  is assumed to be a fractional of the existing four PRBs. When reducing the number of PRBs associated with the minimum SRS bandwidth, the channel estimation accuracy problems may arise with higher sub-carrier spacings (e.g. 120 KHz or even higher for above 52.6 GHz 480 or 960 KHz in Rel-17). Therefore, the Scheme 3-3 may not be forward compatible approach for future releases. 

[bookmark: _Ref61887306]Observation 19: When reducing the number of PRBs associated with the minimum SRS bandwidth, the channel estimation accuracy problems may arise with higher sub-carrier spacings (e.g. 120 KHz or even higher 480 or 960 KHz in Rel-17).

When the PRBs associated with the SRS minimum bandwidth are not contiguously allocated, the problems related to peak to average power ration (PAPR) and intermodulation may arise. For example, if PRBs are assigned only to the both ends of the SRS bandwidth, it results to severe PAPR and intermodulation problems. Therefore, the non-contiguous allocation of PRBs is not feasible approach. When the minimum SRS bandwidth is assumed to be less than four PRBs, more users may be multiplexed in a frequency domain with the price of higher computation complexity of  scheduler and receiver at the gNB. 

[bookmark: _Ref61887311]Observation 20: Depending on the definition of minimum SRS bandwidth of the Scheme 3-3, severe PAPR and intermodulation problems may arise. 
Due to smaller minimum SRS bandwidth, additional TX power boosting gain can be obtained, i.e.3-6 dB (from 4 2 or 4-3 or 41 PRB) with the Scheme 3-3. From the power efficiency perspective of the UE transmitter, it would be beneficial to favor the PRB allocation of single cluster instead of multi-cluster approach.
 
Even though achievable potential TX power boosting gain, extra computational complexity may need to be introduced for the receiver side processing of the SRS resources. For example, due to different minimum SRS bandwidth unit as well as related allocations, extra receiver processing may be needed regarding to interpolation and filtering as wells buffering. As a result of the reduced amount of available resources, the reliability of computed channel estimates may be degraded significantly compared with the legacy configurations.  Furthermore, extra computational complexity burden a scheduler and receiver at the gNB scales up with the number of additional number of FDM:ed users compared with Rel-15. 

By taking into account above discussion on potential performance and complexity issues, according to our understanding it is not clear enough to justify technical merit of the Scheme 3-3 compared with the Scheme 3-1 (Rel-15).

[bookmark: _Ref61887315]Observation 21: Due to potential performance and complexity issues, it is not beneficial to provide support for the Scheme 3-3 in Rel-17.

PAPR and Cubic Metric Comparison
To enable enhanced coverage and power efficiency for UL SRS transmission, the (PAPR ) can be seen as an important design aspect. Figure 6 a) shows PAPR distributions for Scheme 3-1 with different Comb patterns (i.e. 2,4, and 8) with 106 PRBs. As shown, the Scheme 3-1 w/ frequency hopping (FH) 1/8 w/ different comb-patterns provides the lowest PAPR results. It can be observed that the worst PAPR results are obtained with the Scheme 3-3 with SRS bandwidth of two PRBs with two different clusters. Clusters are separated from each other with  two dummy PRBs.
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[bookmark: _Ref61867570]Figure 6 PARP distributions for Scheme 2-0, Scheme 3-1 and Scheme 3-3 w/106 PRBs and SCS=30 KHz. 

Figure 7 a) shows the cubic metric result for Scheme 2-0 and Scheme 3-1 with different combs. As shown, the Scheme 3-1 with comb-8 provide the best cubic metric performance. Additionally, the Scheme 3-3 provides the worst cubic metric performance
[image: ] 
Figure 7 Cubic metrics for Scheme 2-0, Scheme 3-1 and Scheme 3-3 w/106 PRBs and SCS=30 KHz.

Performance Results for Scheme 3-1
Figure 8 shows DL throughput comparison of PDSCH with UL SRS Scheme 3-1 and Scheme 2-1  with R=1,4,8,12 without any antenna port incoherence impairments. As can be observed, the Scheme 3-1 with SRS resource configured over four symbols with TX power boosting provides nearly identical PDSCH throughput performance as the Scheme 2-0 with 12 repeated symbols. When comparing results with and without TX power boosting, it can be observed that the power boosting can significantly enhance the reliability of the DL channel estimates obtained from the power boosted SRS resource. Furthermore, due to TX power boosting (4dB) with the Scheme 3-0, nearly identical PDSCH performance can be obtained with three times smaller RS overhead compared with the Scheme 2-0. 
[image: ]
[bookmark: _Ref61444530]Figure 8 DL throughput comparison of PDSCH with UL SRS Scheme 3-1 and Scheme 2-1 repetition factors, R=1,4,8,12 w/o phase incoherence impairments.
[bookmark: _Ref61887327]Observation 22: Scheme 3-1 w/ TX power boosting can achieve nearly same PDSCH throughput as the Scheme 2-0 with three times smaller resource overhead. 
Figure 9 shows DL throughput comparison of PDSCH with UL SRS Scheme 3-1 and Scheme 2-1  with R=1,4,8,12 with antenna port incoherence impairments. As shown, the Scheme 3-1 achieves nearly the same performance as the Scheme 2-0 with R=12. Moreover, it can be seen that the Scheme 3-1 is also robust against antenna port phase incoherence impairments.   
[image: ]
Figure 10 DL throughput comparison of PDSCH with UL SRS Scheme 3-1 and Scheme 2-1 w/ R=1,4,8,12 with phase incoherence impairments.

[bookmark: _Ref61887334]Observation 23: Scheme 3-1 provides robust PDSCH throughput performance in the presence of antenna port incoherence impairments. 
[bookmark: _Ref61887344]Observation 24: Existing Rel-15 (Scheme 3-1) with TX power boosting can provide nearly same PDSCH throughput performance as the Scheme 2-1 w/ and w/o antenna port phase incoherence impairments. 
[bookmark: _Ref61887559]Proposal 7: When new SRS configurations do not provide any additional significant benefits compared to Rel-15 solutions, there is no need to specify any new SRS configurations in Rel-17 for coverage enhancements. 
[bookmark: _Ref61887564]Proposal 8: Identify and investigate new SRS configurations for Rel-17 that can enable clear benefits with respect to Rel-15 solutions. 
2.3	Antenna Switching Enhancements
	Agreement
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.



In addition to previously agreed SRS resource configurations, it is beneficial to provide also support for SRS configuration with 4T6R in Rel-17. As a result of this, further flexibility can be enabled for different UE implementations equipped with different number of TX and RX antennas.
[bookmark: _Ref61887569]Proposal 9: Support also SRS resource configuration with 4T6R.
Figure 11 shows an example of SRS resource configuration for 1T6R. As shown, two different resources set can be configured where in each set three different 1-AP resources associated with different symbol time instants are configured. By following Rel-15, the minimum guard periods (GP)s according to SCS needs to configure between resources within the SRS set. An alternative resource configuration is to configure all 1-AP resources into single resource set. However, the single resource set configuration is not able to support all SCSs with required GPs within a single slot. Therefore, two separate resource sets can provide cleaner solution for this.   
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[bookmark: _Ref61879883]Figure 11 Example SRS resource set configuration for 1T6R w/ SCS=15 KHz and corresponding resource allocation in time.
[bookmark: _Ref61887352]Observation 25: It is beneficial to configure two different SRS resource sets and three different 1-AP SRS resources within each set for 1T6R.  
Regarding to a SRS resource configuration for 1T8R, similar approach can be adapted as with 1T6T. In other words, two different resource sets having four 1-AP resources associated with different symbol time instants within in each set.
[bookmark: _Ref61887358]Observation 26: It is beneficial to configure two different SRS resource sets and four different 1-AP SRS resources within each set for 1T8R.  

Regarding to a SRS resource configuration for 2T6R, it is possible to configure a single resource set with three different SRS resources with 2-APs associated with different symbol time instants.
[bookmark: _Ref61887364]Observation 27: It is beneficial to configure single SRS resource set and three different 2-AP SRS resources within the set for 2T6R.  
Regarding to a SRS resource configuration for 2T8R, it is possible to configure a two resource sets with two different SRS resources with 2-APs associated with different symbol time instants within each resource set.
[bookmark: _Ref61887369]Observation 28: It is beneficial to configure two different SRS resource sets and two different 2-AP SRS resources within each resource set for 2T8R.
Regarding to a SRS resource configuration for 4T8R, it is possible to configure single resource set with two different SRS resources with 4-APs associated with different symbol time instants within the resource set.
[bookmark: _Ref61887374][bookmark: _GoBack]Observation 29: It is beneficial to configure single SRS resource set and two different 4-AP SRS resources within the resource set for 4T8R.

[bookmark: _Ref61887574]Proposal 10: Support two different SRS resource sets and three different 1-AP SRS resources within each set for 1T6R.
[bookmark: _Ref61887579]Proposal 11: Support two different SRS resource sets and four different 1-AP SRS resources within each set for 1T8R.
[bookmark: _Ref61887585]Proposal 12: Support single SRS resource set and three different 2-AP SRS resources within the set for 2T6R.
[bookmark: _Ref61887593]Proposal 13: Support two different SRS resource sets and two different 2-AP SRS resources within each resource set for 2T8R.
[bookmark: _Ref61887598]Proposal 14: Support single SRS resource set and two different 4-AP SRS resources within each resource set for 4T8R

	Agreement
For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..



Figure 10shows an example of reuse of same SRS resources for antenna-switching and non-codebook based precoding. The reuse of SRS resources with different resource set configurations enables to extend current antenna-switching configuration such that antenna-switching can be performed with UL TX precoding (e.g. non-codebook or codebook based). As a result of this, the array/precoding gain of precoded transmission can be achieved for SRS antenna-switching configurations even for UEs equipped with 1TX branch with multiple RX branches. For example with 1T2R SRS antenna switching resource configuration, 3dB gain compared with antenna-switching without precoding can be achieved. It is worth noting that the merit of precoding is not neglible when the coverage enhancements are targeted for UL SRS transmission. Rel-15 specification does not provide support for the precoded antenna-switching transmission. Therefore, it is beneficial to study options how to enable support for precoded SRS antenna-switching transmission in Rel-17 

[image: ]
[bookmark: _Ref61558444]Figure 13 an example of UL SRS resource configuration with antenna-switching and non-codebook based precoding. 
[bookmark: _Ref61887382]Observation 30: The reuse of SRS resources with different SRS resource set configurations enables to extend current antenna-switching configuration such that antenna-switching can be performed with UL TX precoding (e.g. non-codebook or codebook based)
[bookmark: _Ref61887390]Observation 31: The merit of precoding can be achieved for SRS antenna transmission even for UEs equipped  with 1TX branch with multiple RX branches. 
[bookmark: _Ref61887604]Proposal 15: Study options how to enable support for precoded SRS antenna-switching  transmission. 


3	Conclusions
In the previous sections, the following observations have been made:
Observation 1: The time scale for MAC CE based slot offset reconfiguration is a significantly shorter with respect to Rel-15 based RRC-signaling based solution.
Observation 2: To enable dynamic reconfiguration of slot-Offset parameter aperiodic SRS resource sets, it is beneficial MAC CE to have the following information fields: Serving cell ID, BWP ID, set of pre-configured slot-offset values.
Observation 3: MAC CE based approach can be seen as a feasible option for the reconfiguration of slot-offset parameter for aperiodic SRS resource set in Rel-17.
Observation 4: MAC CE based approach needs gNB to send slot offset update indication before the triggering of A-SRS, if the slot offset is less than MAC CE activation latency.
Observation 5: Two options are available for informing no data scheduled via DCI format 0_1 or 0_2. Option 1: gNB informs unsupported value via one or multiple of DCI field(s).Option 2: gNB indicates ‘reserved bits’, in one or multiple of DCI filed(s).
Observation 6: Considering the trade-off between the complexity/workload and the supported flexibility, UE-specific PDCCH based triggering mechanisms can be seen as feasible option for the flexible triggering of slot-offset value associated with aperiodic SRS resource set(s).
Observation 7: Rel-16 SRS for positioning provides support up to 12 different SRS symbols per slot.
Observation 8: Scheme 2-0 can achieve power gains up to  4.8 dB compared with  Rel-15 solution.
Observation 9: Computational complexity for the reception of the Scheme 2-0 can be seen as feasible.
Observation 10: Scheme 2-1 can provide further configuration flexibility by allowing contiguous and non-contiguous inter-slot distribution of repeated SRS symbols.
Observation 11: It is beneficial to consider the Scheme 2-1 as an integral part of the Scheme 2-0.
Observation 12: Scheme 2-2 (TD-OCC) can increase the multiplexing capacity of different  SRS transmission with certain conditions.
Observation 13: Scheme 2-0 with repetition factor of R=8,12 outperform existing Rel-15 solutions (R= up to 4).
Observation 14: For Scheme 2-0 the impact of antenna port coherence impairments are marginal.
Observation 15: Scheme 3-1 provides similar support for PRB-level partial frequency sounding as Rel-15 SRS.
Observation 16: Scheme 3-1 provide similar supports UL TX power boosting as Rel-15.
Observation 17: Scheme 3-1 enables flexible  multiplexing of signals/channels/reference signals from other UEs into the same SRS symbols.
Observation 18: It is reasonable to consider the Scheme 3-2 as a part of the Scheme 3-1.
Observation 19: When reducing the number of PRBs associated with the minimum SRS bandwidth, the channel estimation accuracy problems may arise with higher sub-carrier spacings (e.g. 120 KHz or even higher 480 or 960 KHz in Rel-17).
Observation 20: Depending on the definition of minimum SRS bandwidth of the Scheme 3-3, severe PAPR and intermodulation problems may arise.
Observation 21: Due to potential performance and complexity issues, it is not beneficial to provide support for the Scheme 3-3 in Rel-17.
Observation 22: Scheme 3-1 w/ TX power boosting can achieve nearly same PDSCH throughput as the Scheme 2-0 with three times smaller resource overhead.
Observation 23: Scheme 3-1 provides robust PDSCH throughput performance in the presence of antenna port incoherence impairments.
Observation 24: Existing Rel-15 (Scheme 3-1) with TX power boosting can provide nearly same PDSCH throughput performance as the Scheme 2-1 w/ and w/o antenna port phase incoherence impairments.
Observation 25: It is beneficial to configure two different SRS resource sets and three different 1-AP SRS resources within each set for 1T6R.
Observation 26: It is beneficial to configure two different SRS resource sets and four different 1-AP SRS resources within each set for 1T8R.
Observation 27: It is beneficial to configure single SRS resource set and three different 2-AP SRS resources within the set for 2T6R.
Observation 28: It is beneficial to configure two different SRS resource sets and two different 2-AP SRS resources within each resource set for 2T8R.
Observation 29: It is beneficial to configure single SRS resource set and two different 4-AP SRS resources within the  resource set for 4T8R.
Observation 30: The reuse of SRS resources with different SRS resource set configurations enables to extend current antenna-switching configuration such that antenna-switching can be performed with UL TX precoding (e.g. non-codebook or codebook based).
Observation 31: The merit of precoding can be achieved for SRS antenna transmission even for UEs equipped  with 1TX branch with multiple RX branches.

Proposal 1: RAN1 supports either increasing or decreasing of triggering offset for aperiodic SRS transmission. Support option 1: Reference slot is the slot with the triggering DCI.
Proposal 2: Utilize frequency resource allocation field to indicate no data is scheduled via DCI format 0_1/ 0_2.
Proposal 3: Consider DCI 0_1 or 0_2 without data/CSI as the only option for the flexible triggering of A-SRS, as starting point.
Proposal 4: Support both MAC CE and UE-specific PDCCH for the reconfiguration of slot-offset value associated with aperiodic SRS sets with the following conditions: When the slot-offset value is larger than MAC CE activation latency time, MAC CE reconfiguration of the slot-offset value can be used. When the slot-offset value is shorter or equal than MAC CE activation latency time, UE specific-PDCCH reconfiguration of the slot-offset value can be used.
Proposal 5: Adapt Rel-16 SRS positioning and Rel-16 SRS NR-U configurations as a basis for Rel-17 SRS enhancements.
Proposal 6: Combine Scheme 2-0 and Scheme 2-1 for enabling further flexibility for configuring SRS transmission across different slots.
Proposal 7: When new SRS configurations do not provide any additional significant benefits compared to Rel-15 solutions, there is no need to specify any new SRS configurations in Rel-17 for coverage enhancements.
Proposal 8: Identify and investigate new SRS configurations for Rel-17 that can enable clear benefits with respect to Rel-15 solutions.
Proposal 9: Support also SRS resource configuration with 4T6R.
Proposal 10: Support two different SRS resource sets and three different 1-AP SRS resources within each set for 1T6R.
Proposal 11: Support two different SRS resource sets and four different 1-AP SRS resources within each set for 1T8R.
Proposal 12: Support single SRS resource set and three different 2-AP SRS resources within the set for 2T6R.
Proposal 13: Support two different SRS resource sets and two different 2-AP SRS resources within each resource set for 2T8R.
Proposal 14: Support single SRS resource set and two different 4-AP SRS resources within each resource set for 4T8R.
Proposal 15: Study options how to enable support for precoded SRS antenna-switching  transmission. 
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5 Appendix: Simulation Parameters
	Carrier frequency
	3.5 GHz 

	Bandwidth
	40 MHz 

	Sub-carrier spacing
	30 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8,2,2,1,1), (0.5, 0.5)λ (V,H)-element spacing 

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

	PDSCH Precoding

	Reciprocity Based SVD Wideband 
Feedback Based (Type I) Wideband

	Channel Model 
	CDL-B
UE speed 3 kmph
300 ns RMS delay spread

	DL/UL SNR offset
	20 dB DL/UL power offset, 14dB DL/UL power offset with ¼ BW frequency hopping

	Link adaptation
	link adaptation used in DL


	CSI periodicity
	5ms

	CSI-delay
	4ms

	Modulation and coding schemes
	256 QAM MCS table

	SRS Antenna Switching Scheme
	 2t2r

	SRS repetition
	1, 2, 4, 8 or 12

	SRS COMB
	2, 4 or 8

	TDD configuration
	DL: SDDD
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