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Introduction
[bookmark: _Hlk54209646]Rel-17 RAN1 work-item on further enhanced MIMO (FeMIMO) [1] has scoped the following on SRS enhancement for both FR1 and FR2.  
	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




RAN1 102-e meeting was the first meeting in Rel-17 and the main focus was on the evaluation methodology as well as high level agreement on the possible SRS enhancement techniques [2]. Following these agreements, we discuss in this contribution the SRS enhancement designs in more details and share our views on the different proposals. 
Aperiodic SRS Triggering
Flexible triggering
In the last RAN1 102-e meeting, companies shared their views on the limitation of the current 3GPP mechanism for triggering aperiodic SRS that lacks the flexibility due to the RRC-configured slot offset and also the possibility of PDDCH congestion for scheduling multiple UEs at the same slot. To resolve these limitations and enhance the aperiodic SRS triggering, companies shared different solutions and they have been categorized into three different alternatives as summarized in the agreement below. 
	Agreement
Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.




In this section, we will the share more details on the mechanism of our proposals to enable flexible triggering of the aperiodic SRS with focus on dynamic indication and the re-configuration of the SRS triggering offset.  
[bookmark: _Ref47377245]MAC-CE for flexible SRS triggering 
To enable flexible and faster timeline for the reconfiguration of the slot offset of an SRS resource set, a MAC CE command can be introduced in Rel-17 to update the slot offset of the aperiodic SRS resource. This mechanism may be very helpful for an SRS resource set with many numbers of SRS resources, such that the dynamic update of the slot offset may enable a better multiplexing of the SRS resource set with other UL channels and a variety of slot formats.
To further enable more flexibility, in addition to  updating the slot offset of the aperiodic SRS resource set, the same MAC CE command can update the number of the active SRS resources of the associated SRS resource set. This solution enables flexible activation or deactivation of the SRS resources within each SRS resource. In the current 3GPP framework when a specific A-SRS set is triggered, then all the SRS resources within the set should be transmitted. The proposed scheme enables finer granularity and flexibility to select which resources within the set to be transmitted. 
Proposal 1: Support the introduction of new MAC-CE to reconfigure the slot offset of SRS resource set.
· In addition, the MAC-CE can include a bitmap that can indicate the activate or inactivate SRS resources within the set.

This mechanism may be beneficial for some scenarios as ‘antenna Switching’ SRS resource set which has more than 4 SRS resources or a ‘beam management’ SRS resource set with many SRS resources with different beams. This gives the flexibility to the network to control which resources are transmitted when this resource set is triggered. For ‘Antenna Switching, this is useful for dynamic adaption of SRS switching configuration within the BWP. More detailed discussion of the reconfiguration of the SRS resources within a set is presented at subsection 3.5
DCI-based dynamic slot offset indication 
To enable a more flexible aperiodic SRS triggering, the network may semi-statically configure multiple slot offsets (e.g. a list of candidate slot offsets) and the DCI can dynamically indicate and select a specific slot offset. A high-level overview of the dynamic slot offset indication is illustrated in Figure 2-1 
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Figure 2‑1 DCI indicating the selected slot offset from a list of slot offsets


The DCI can include a codepoint that indicate which slot offset is selected by the network. An example of 2-bits codepoint is shown below for the example in Figure 2-1. The indication of the slot offset can be achieved explicitly where new bits field is introduced in the DCI format. However, this will introduce  DCI overhead. The other approach is implicitly indication by leveraging some other bit fields which does not incur any DCI overhead. In the next subsection, we will discuss both indications in more details.
	SRS Trigger codepoint
	Triggering slot offset

	01
	4

	10
	6

	11
	8


Proposal 2: Support the configuration of multiple triggering slot offsets for the aperiodic SRS resource set 
where each offset is associated with an SRS triggering codepoint that is dynamically indicated by the UL or DL DCI formats.
Implicit indication of the codepoint
One-to-one association between triggering offset and SRS Trigger codepoint
To reduce the DCI overhead, the triggering offset can be implicitly indicated by the value of the SRS request in the DCI. An SRS resource set can be RRC configured with up to three SRS trigger codepoint using the RRC fields aperiodicSRS-ResourceTrigger and aperiodicSRS-ResourceTriggerList. Then, the same SRS resource set can be configured with up to three SRS trigger offsets with one-to-one association with SRS trigger values. 
[bookmark: _Ref54298920]Table 1: RRC configuration Table of the associated offset with the Trigger value
	SRS Trigger value
	Associated slot offset

	aperiodicSRS-ResourceTrigger = 1
	3

	aperiodicSRS-ResourceTriggerList = { 2, 3}
	{2,1}



An example is shown in Table 1 where the higher layer parameter ‘aperiodicSRS-ResourceTrigger’ and ‘aperiodicSRS-ResourceTriggerList’ are configured with three triggering values {1} , {2,3} respectively. Then, the same resource set can be RRC configured with three different values of triggering offset. An example given in the table below is {3,2,} where each value of the triggering offset is associated with one value of the Trigger state. 
This gives the network more flexibility when the PDCCH is transmitted. An example of DDDU slot format shown in Figure 2‑2 where the triggering DL DCI can be sent at any of the DL slots such that the network receive the SRS at the U slot. Depending on when the PDCCH is tranmssted, the SRS request field in the DCI should be selected properly to select the approiprate SRS triggering offset. The entries of the DCI request fields is shown in Table 2.
[bookmark: _Ref54299502]Table 2: SRS request field and the mapped triggering slot offset
	DCI SRS Request 
	Triggering slot offset

	01
	3

	10
	2

	11
	1




    
[bookmark: _Ref54299303]Figure 2‑2: SRS resource set with multiple triggering states associated with multiple triggering offset

Proposal 3: Support implicit indication of the SRS triggering offset through the SRS request field in the DCI format and configuring a one-to-one association between each aperioidicSRS-Resource Trigger value and the slot offset. 

Explicit indication of the codepoint
The other approach for indicating the codepoint of the trigger offset is through a dedicated bit fields in the DCI format. Since this comes with a DCI overhead, we believe this solution is more suitable for non-scheduling DCI (e.g. DCI format 0_1 with UL-SCH = 0) or group-common DCI. In this case, some of the DCI bit fields can be repurposed to indicate the triggering offset. 
Proposal 4: Support explicit indication of the SRS triggering offset through a dedicated bit field in the DCI format.
· Support for non-scheduling DCI (e.g. DCI format 0_1 with UL-SCH =0) or group-common DCI.

SRS transmission delay and multiple SRS transmission opportunity
Another way of flexible triggering is to allow SRS transmission delay to a later UL transmission opportunity. An example of an equivalent mechanism is shown in Figure 2‑3.

 
[bookmark: _Ref54371494][bookmark: _Ref47375312]Figure 2‑3 Multiple SRS transmission candidates
In addition to the slot offset configuration per the A-SRS resource set, a periodicity and duration (or number of repetition) are configured on the SRS resource set level. These multiple slots are candidates for SRS transmission. After receiving the DCI triggering the A-SRS, the UE can transmit the aperiodic SRS in one or more of the configured multiple slots. If A-SRS is configured for single transmission, other candidate slots can be used for A-SRS postponing. This scheme gives UEs more opportunities to transmit SRS, which gives gNB more flexibility on the PDCCH scheduling that triggers the SRS transmission. In addition, since SRS can be also configured to transmitted in multiple slots, this mechanism is very beneficial for increased SRS coverage with that time bundling between the inter-slots SRS transmission. Compared to the current framework of single shot of the A-SRS transmission, this mechanism gives more reliability and guarantee of the SRS transmission. 
For scenarios with many UEs in the cell, gNB can configure A-SRS with multiple candidate slots to make sure the gNB can obtain the channel states before DL transmission. For scenarios when channels may change more frequently, A-SRS with multiple slots can let the gNB obtain the channel more accurate with only a single DCI indication. Therefore, it reduces the DCI overhead reduction. 
Observation 1: A-SRS can be postponed by the configuration of multiple candidate slots.
[bookmark: _Hlk54372251]Observation 2: Single DCI triggering multiple candidate slots SRS transmission gives the network more flexibility on the PDCCH scheduling, increase SRS coverage through time bunding and reduce SRS triggering overhead.
Observation 3: DCI-based triggering of multiple-slots SRS transmission is much faster and less overhead as compared to SP-SRS.
Proposal 5: Support multiple SRS transmission opportunity configuration to enable flexible postponing and multi-slots A-SRS transmission. 
DCI overhead reduction
To enable aperiodic-SRS triggering across multiple UEs and across multiple serving cells per each UE, multiple PDCCHs need to be scheduled by the network which incurs large DCI overhead. In the last RAN1 102e meeting, companies shared different proposals to enhance DCI formats and enable flexible triggering. Two alternatives have been proposed to either enhance UE-specific DCI or group-common DCI. The first alternative may enable a single DCI to trigger A-SRS across multiple serving cells. The second alternative may enable SRS triggering across multiple UE. In this section, we will discuss more design details for both alternatives. 
	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..


A-SRS triggering xCC using non-scheduling DCI
In current 3GPP specification, aperiodic SRS can be triggered either with unicast DCI (e.g. format 1_1 or format 0_1) or group-common DCI. However, for DCI format 0_1, aperiodic SRS cannot be triggered without UL scheduling or without non-zero CSI request. These specifications put some restriction on the network where they cannot trigger aperiodic SRS without UL/DL data or without CSI request [4]. In our views, we think these restrictions should be relaxed such that aperiodic SRS can be triggered with a non-scheduling UL DCI where UL-SCH =0 and without CSI request. Since this DCI does not schedule data, then some of the bit fields of the non-scheduling DCI can be repurposed to enable SRS transmission across the multiple component carriers. 
Proposal 6: Support relaxing DCI format 0_1 restriction to enable triggering A-SRS with UL-SCH = 0 and zero CSI request.
· Repurposes some of the bit fields in the DCI to enable simultaneous A-SRS triggering and transmission across multiple serving cells.
A-SRS triggering xCC using scheduling DCI
To reduce the DCI overhead for UL-CA, a single DCI can be used to trigger multiple aperiodic SRS resource sets jointly on different UL carrier which have PUSCH/PUCCH configured. An example is shown in Figure 2‑4 where the UE receives a single DCI on one of the component carriers that triggers SRS transmission on CC1 + CC2 + CC4 where all the component carriers are configured for UL CA and there is no need for carrier switching. The component carrier configuration can be intra-band CA as CC1 and CC2 or inter-band CA as CC4 and CC1 or CC2 and could correspond to FR1 and/or FR2. Each of the triggered SRS resource sets have their own configured slot offset and could be transmitted on the same OFDM symbols or not.


[bookmark: _Ref54371521][bookmark: _Ref47375346][bookmark: _Hlk54371465]Figure 2‑4 Aperiodic SRS triggering for cross component carriers
The A-SRS transmission of the above UL CA can be enabled without extra DCI overhead. For example, when the UE receives an SRS request filed in the DCI from a CC1 with codepoint value for example ‘01’, then the UE is expected to transmit all SRS resource sets in the respective active BWP of all CCs that are associated with codepoint ‘01’ in each of the perspective CCs. To simplify the procedure on which CC where DCI can be received and trigger SRS transmission across the other component carriers, a new RRC parameter ‘CC index field’ could be added at the AP-SRS resource set level that indicates the CC index from which a DCI can be received that would trigger this specific AP-SRS resource set. This fields may have multiple CC indices. 
Proposal 7: Support single scheduling DCI to trigger simultaneous A-SRS transmission across multiple component carriers. 
· RAN1 further discussion on the specific configuration of the RRC configuration and triggering mechanism. 

Group common DCI 
NR Rel-15 introduced group common DCI format 2_3 for SRS carrier switching. It is used to trigger aperiodic SRS resource set(s) with ‘antenna switching’ usage for UL carriers without PUSCH / PUCCH configured. The group common DCI format 2_3 is used to enable group of UEs for transmitting SRS signals. The DCI contents provide the TPC command for SRS transmission along with an optional SRS request. However, it is limited to the transmission of SRS resource sets with ‘antenna switching’ usage only. And it is only used for carrier switching where UE switches from the serving cell to another cell without PUSCH/PUCCH configured or another UL on which SRS power control is noted tied with PUSCH power control. 
Observation 4: The group common DCI format 2_3 has some limitation where it triggers only SRS transmission for ‘antenna Switching’ use cases and is limited to UL carrier switching.
To enable more flexible design and reduce the DCI overhead, the current DCI format 2_3 can be enhanced, or a new DCI format can be introduced to mitigate the limitation of the current SRS carrier switching mechanism. In our views, the SRS triggering should be flexible and should enable the SRS transmission for all SRS usages and should not be limited to antenna switching usage. Also, the framework should enable multiple CCs SRS triggering and simultaneous transmission without the need of carrier switching. An example of the DCI contents with multiple blocks is shown in Figure 2‑5 where the block may indicate to the UE which CC the group and corresponding trigger codepoint and the TPC command


[bookmark: _Ref54371685][bookmark: _Ref47600359]Figure 2‑5: Example of group common DCI for multiple UEs and xCC SRS triggering
Proposal 8: Support the enhancement of DCI formant 2_3 to enable multiple UE SRS transmission across multiple serving cells per UE. 

SRS usage reduction
In the last meeting, some companies shared views on merging some SRS resources (e.g. codebook and antenna switching). In our views, we believe the current Rel-15 mechanomes should be sufficient for 4Rx UE. Further discussion may be needed after the specification of SRS antenna switching for 6Rx and 8Rx UE.
	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..




SRS antenna switching for 6 and 8 Rx
The current NR specs allows for single user DL scheduling up to 8 layers while SRS antenna switching which is used for DL CSI acquisition is limited to  4Rx. In our previous contribution we showed by both LLS and SLS the DL throughput gain for extending the sounding beyond 4Rx [5]. Exploiting the spatial domain of the extra Rx antennas by allowing the UE to sound all the antennas (up to 8) enables the gNB to capture accurate channel states and therefore compute better and more efficient DL precoder which reflects into higher spectral efficiency.
In the first RAN1 meeting in Rel-17, companies shared different views on which SRS antenna switching configuration should be supported for 6Rx and 8Rx UE. It is important to reiterate the NR spec is not limited to mobile device but also extend beyond this for other form factor wireless devices like CPE and laptop. An agreement was made to consider all possible SRS antenna switching configuration and study different aspects as increase of insertion loss due to added RF switching circuitry, CSI latency, UE power savings, etc. 
	Agreement
For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
· Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc..




In this section, we first show the LLS evaluation results of SRS antenna switching under low mobility and high mobility. Then, we address the impact of insertion loss on the system performance and finally we touch upon the configuration of the different SRS antenna switching mechanism
LLS evaluation of SRS antenna switching with 6/8Rx UE
In this section, we show updated link-level evaluation results of 6/8Rx UE based on the EVM agreed with the different antenna switching configuration for both low and high mobility scenarios. In this section, we considered 100 MHz system with 272 RBs allocation. The slot format is DDDU with one SRS symbol per the U slot. The UL Tx power wasn’t fixed to reflect Tx power control such a specific SRS SNR set point is achieved. 
Low mobility
Figure 3‑1 show the performance comparison of 1T6R, 2T6R and 4T6R with low Doppler (v =3 km/hr). The SRS target SNR is applied to reflect the UL power control and same power per SRS symbol is assumed. As expected, 1T6R shows the best performance due to per-port power efficiency as compared to other antenna switching mechanism. Also, it is worth mentioning that 1T6R is preferred from UE power savings perspective. 
 [image: ]
[bookmark: _Ref54371811]Figure 3‑1: DL TPUT comparison of the performance of 6 Rx UE with SRS target SNR and different antenna switching
A similar link level setup for 8Rx UE with 1T8R, 2T8R and 4T8R is evaluated. The results are displayed at Figure 3‑2. Similar observation to the previous 6Rx UE setup is found where 1T8R shows the best performance due to per-port power efficiency as compared to other antenna switching mechanism. Also, it is worth mentioning that 1T8R is preferred from UE power savings perspective..
 [image: ]
[bookmark: _Ref54371843]Figure 3‑2:DL TPUT comparison of the performance of 8 Rx UE with SRS target SNR and different antenna switching
Observation 5: For low mobility scenarios, it is preferred to have low-dimensionality antenna switching (1T6R and 1T8R) to improve SRS coverage and also for UE power saving purposes. 
High mobility
Similar LLS was evaluated for higher mobility. We consider single-layer single UE with both 30 km/hr and 120 km/h scenario. Figure 3‑3 and Figure 3‑4 show the DL performance of 1T6R, 2T6R and 4T6R for 30 km/h and 120 km/h scenarios respectively. Similar results for 8Rx UE are shown in Figure 3‑5 and Figure 3‑6 .
 [image: ]
[bookmark: _Ref54371925]Figure 3‑3: DL throughput  performance of 6 Rx UE for 30 km/h scenarios
 [image: ]
[bookmark: _Ref54371942]Figure 3‑4:DL throughput performance of 6 Rx UE for 120 km/h scenarios
The setup assumed DDDU with 1 SRS per U slot which maps to SRS sounding periodicity of 2ms. As expected, high dimensionality antenna switching of 4T6R and 4T8R achieves best performance as the gNB can obtain the accurate channel state information frequently as compared to 1T6R and 1T8R which suffer from channel decorrelation.
 [image: ]
[bookmark: _Ref54371995]Figure 3‑5:DL throughput performance of 8 Rx UE for 30 km/h scenarios
 [image: ]
[bookmark: _Ref54372003]Figure 3‑6:DL throughput performance of 8 Rx UE for 120 km/h scenarios

Observation 6: For higher mobility scenarios, it is preferred to have high-dimensionality antenna switching (4T6R and 4T8R) to get accurate channel states and the overcome the fast aging of the channel. 

Insertion loss effect
Considering a legacy UE device with 4Rx and single Tx chain. For the UE Tx chain to reach the 4 antennas, an RF switching network is needed such that Tx chain is routed to each physical antenna. 


Figure 3‑7:Example of 4Rx UE RF architecture with single Tx chain
Considering the above 4Rx UE architecture as a baseline and scaling the number of Rx antennas to 8Rx while still have single Tx chain, an extra RF switching circuitry is needed to route the Tx path to the extra Rx antennas. An example of such architecture is shown in the Figure 3‑8 below. It is important to note that there is no extra insertion loss for the original 4Rx antenna while there will be X1 to X2 dB loss for the added antennas. Another important point, the insertion loss will only affect the SRS transmission at max Tx power. Other power levels won’t be impacted by the insertion loss as the UE can compensate this power delta.


[bookmark: _Ref54335736]Figure 3‑8: Example of 8Rx UE RF architecture with single Tx chain
Observation 7: For 1T8R and 1T6R, extra RF switching circuitry is needed which incur extra insertion loss only for the added antenna.
· Insertion loss affect SRS transmission only at maximum Tx Power.

To evaluate the impact of the added insertion loss, we performed both LLS and SLS evaluation comparing 8Rx UE with two SRS switching configuration: 1T4R and 1T8R. The first configuration will limit sounding only 4 antennas while the second configuration all antennas are sounded. 

The LLS considered a DDDU slot format where one SRS symbol per each UE slot. This means that one port is sounded the periodicity to sound the first 4 ports (1T4R) is 8 ms and 16 ms for 1T8R. We considered low DL CINR where UE is expected to transmit SRS with max Tx Power and hit the insertion loss. The results are shown in Figure 3‑9. The green curve represents the 8Rx with 1T8R with insertion loss and block curve represents 8Rx with 1T4R. The insertion loss is relative added insertion loss of the added antennas. For comparison, we considered two baselines: 4Rx UE with 1T4R (blue) and 8Rx with 1T8R without insertion loss (red).
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[bookmark: _Ref54372140]Figure 3‑9: LLS evaluation for 1T8R with insertion loss
It is clear from the results that even with the added insertion loss, there is performance gain (1T8R) by sounding the extra Rx antennas as compared to limiting the sounding to the first 4 Rx antenna (8Rx-1T4R). Also comparing 1T8R with and without insertion loss, there is little performance degradation due to the insertion loss.
Observation 8: For 6Rx/8Rx UE with single Tx chain, there is performance gain by sounding all Rx antennas even in the presence of added insertion loss as compared to limiting the sounding to few antennas. 

A similar study has been done on the system level where 8Rx UE is considered with similar setup as in LLS above and compared against 4Rx. The system level setup and simulation assumptions can be found at Table 3 in the appendix.
  [image: ] [image: ]

[bookmark: _Ref54371954][bookmark: _Hlk54378136][bookmark: _Hlk54378376]Figure 3‑10: SLS evaluation with insertion loss: SU and MU MIMO system performance of 8 Rx UE w/ vs w/o insertion loss
System level study using UMi scenario for both SU and MU MIMO is performed to evaluate the effect of the insertion loss of 1T8Rx UE. The throughput CDF plots is depicted at Figure 3‑10where antenna switching with insertion loss shows almost the same throughput performance compared with the scheme w/o insertion loss. The system level setup and simulation assumptions can be found at Table 3 in the appendix.
Observation 9: From system level, insertion loss has limited influence on the DL throughput performance for the antenna switching cases 
SRS antenna switching configuration for xT6R (x=1,2 and 4)
The following subsections show examples for the configuration of periodic, semi-persistent and aperiodic SRS configuration for 1T6R, 2T6R and 4T6R.
SRS configuration for 1T6R
Example configurations of the SRS resource sets and the SRS resources for 1T6R is shown in Figure 3‑11. One SRS resource sets can be used for 1T6R, with six SRS resources within the SRS resource set.  

[image: ]
[bookmark: _Ref47716249]Figure 3‑11: SRS configuration for 1T6R
Proposal 9: Support 1T6R SRS switching with the configuration of one SRS resource set with six SRS resources. 

SRS configuration for 2T6R
Example of the configuration of the SRS resource sets and the SRS resources for 2T6R is shown in Figure 3‑12. One SRS resource sets can be used for 2T6R, with three SRS resources within each SRS resource set.

[image: ]
[bookmark: _Ref47716317]Figure 3‑12:SRS configuration for 2T6R
Proposal 10: Support 2T6R SRS switching with the configuration of one SRS resource set with three SRS resources. 

SRS configuration for 4T6R
Example of the configuration of the SRS resource sets and the SRS resources for 4T6R is shown in.Figure 3‑13. One SRS resource sets can be used for 4T6R, with three SRS resources within each SRS resource set.
[image: ]
[bookmark: _Ref47716405]Figure 3‑13:SRS configuration for 4T6R
For more details on the configuration of 4T6R, one example with antenna cycling is shown in Figure 3‑14 . Three SRS resources can be applied for 4T6R, each SRS resource sound 4 antenna ports and all the ports will be sounded twice cyclically.
[image: ]     [image: ]
[bookmark: _Ref47716562]Figure 3‑14:SRS configuration for 4T6R with two antenna cycling
Proposal 11: Support 4T6R SRS switching with the configuration of one SRS resource set with three SRS resources. 

SRS antenna switching configuration for xT8R (x=1,2 and 4)
The following subsections show examples for the configuration of periodic, semi-persistent and aperiodic SRS configuration for 1T8R, 2T8R and 4T8R.
SRS configuration for 1T8R
Example configurations of the SRS resource sets and the SRS resources for 1T8R is shown in Figure 3‑15. For periodic, semi-persistent SRS, one SRS resource sets can be used for 1T8R, with eight SRS resources within the SRS resource set. For aperiodic SRS, two SRS resource sets can be used for 1T8R, with four SRS resources within each SRS resource set.
[image: ]
[bookmark: _Ref47716764]Figure 3‑15:SRS configuration for 1T8R
Proposal 12: Support 1T8R SRS switching with the configuration of one SRS resource set with eight SRS resources for P-/SP-SRS and two SRS resource sets with four SRS resources within each set, respectively. 

SRS configuration for 2T8R
Example configurations of the SRS resource sets and the SRS resources for 2T8R is shown in Figure 3‑16. One SRS resource sets can be used for 2T8R, with four SRS resources within each SRS resource set.
[image: ]
[bookmark: _Ref54372416]Figure 3‑16:SRS configuration for 2T8R
Proposal 13: Support 2T8R SRS switching with the configuration of one SRS resource set with four SRS resources. 

SRS configuration for 4T8R
Example configurations of the SRS resource sets and the SRS resources for 4T8R is shown in Figure 3‑17.Figure 3‑13. One SRS resource sets can be used for 4T8R, with two SRS resources within each SRS resource set.
[image: ]
[bookmark: _Ref47716856]Figure 3‑17:SRS configuration for 4T8R
Proposal 14: Support 4T8R SRS switching with the configuration of one SRS resource set with two SRS resources. 
[bookmark: _Ref47596601]Flexible reconfiguration of SRS resource set
To support SRS antenna switching with 8 receive antennas, the SRS resource set may be configured with multiple SRS resources. For example, 1T8R can be configured with one SRS resource set that contains 8 SRS resources each with one SRS port. In some scenarios, the network may not need the UE to sound all the 8 SRS resources and the RRC reconfiguration can be time consuming plus the signalling overhead. A flexible and faster method through MAC-CE has been discussed in section 2.1.1 which may be beneficial for the reconfiguration of SRS antenna switching. The MAC-CE can indicate which SRS resources within the set is activated or deactivated. This can be used a tool to enable UE fallback to lower SRS switching configuration, e.g. from 1T8R to 1T4R. In Rel-16, UE can report combo SRS switching capability and gNB can configure different switching capability per each BWP. So, the current mechanism to change or fallback of SRS antenna switching requires BWP switching. The proposed MAC-CE can adapt the SRS configuration without the need of BWP switching. 
Proposal 15: To enable flexible reconfiguration of the number of active resources within SRS resource set, MAC-CE command can be used to activate/deactivate the individual resources with the aperiodic SRS set. 




Figure 3‑18: Antenna switching re-configuration  via MAC-CE
SRS coverage and capacity enhancement
In the last RAN1 102e meeting, the different proposals for enhancing SRS coverage and capacity have been categorized into three different classes as shown in the agreement below. 
	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..




In this section, we share the evaluation results for the candidate proposals based on the evaluation methodology as agreed in 
SRS time bundling
SRS coverage can be improved by time bundling of the same SRS resource at multiple time occasions. Also, time bundling can be enabled between two different SRS resources  (e.g. antenna switching and codebook) if same port(s) are sounded in both resources as well as no change of the active BWP between the time occasions and no frequency hopping is configured. However, for the network to coherently combine the channel estimates across the time-bundled SRS resources, the phase coherency of the of SRS transmission should be maintained within certain bounds. In general, time bundling can happen between resource within same slot (i.e. intra-slot time bundling) or time bundling across slot (i.e. inter-slot time bundling). The two alternatives are shown in Figure 4.1.


                 
Figure 4‑1: inter-slot and intra-slot SRS bundling
Phase coherency modelling
In the last meeting, companies agreed on a phase coherency model where the phase jump of each SRS transmission relative to the first SRS symbol within a predefined coherence time window must be in the interval of [ for a chosen  value. The random phase jumps are assumed to be drawn from a uniform distribution within [. This model ensures that the absolute phase jump relative to the first received SRS symbol at the gNB is bounded. Figure 4‑2(a) captures the phase jump of different SRS symbols to be bundled across time, where Figure 4‑2(b) illustrates the phase interval allowed for the SRS symbols following the first one by this model.
(a)                                                                                                                   (b)[bookmark: _Ref54244932]Figure 4‑2: Phase coherency model

Link level evaluation 
Figure 4‑3 depicts the DL performance of inter-slot SRS time bundling under the phase coherency model described in Section 4.1.1, when  and 90 degrees and time coherence window is 8ms. We consider UDDD slot configuration where within each UL slot, 1 SRS symbol is transmitted, and 4 SRS slots are bundled for channel estimation. The simulation setup is the same as the one of the previous results of SRS repetition, where CDL-B channel with 100ns delay spread is assumed and the SRS UL set point was set at CNR equal to -10dB. As a baseline, we include noncoherent averaging over the same bundling size. It can be seen that the gain from time bundling of 4 SRS symbols compared to baseline decreases with increasing non-coherency (increasing In particular, the gain disappears for . 
[image: ]
[bookmark: _Ref54245010]Figure 4‑3: DL performance with time bundling under the phase coherency model
Observation 10: The gain in the DL throughput from SRS time bundling vanishes with increasing non-coherency.

SRS increased repetition
Rel-16 supports SRS transmission starting at any OFDM symbols of a slot. SRS for positioning can be configured for up to 12 symbols. On the other hand, Rel-15 limits SRS repetition to 4 symbols while SRS transmission can happen only at the last 6 symbols within the slot. It is expected that increased SRS repetition will improve the SRS coverage, however, it may have an impact for TDD system as more time and/or frequency resources are allocated for UL.
Observation 11: Rel-15 SRS transmission limited within last 6 OFDM symbols in a slot and SRS repetition up to 4 across 4 symbols. Rel-16 SRS supports SRS transmission in any symbol of the slot. 
Proposal 16: RAN1 study the performance impact and trade-off for increased SRS repetition.

SRS repetition 
Figure 4‑5 depicts the DL performance of increased repetition to 8 SRS symbols for 20MHz system bandwidth under CDL-B channel with 300ns delay spread. Compared to 4 SRS symbol transmission, which is the maximum allowed repetition in the current specs, there is 2 dB gain in the DL TPUT performance due to further increasing repetition to 8 symbols. 
[image: ]
[bookmark: _Ref54246946]Figure 4‑5: DL performance with increased repetition
[bookmark: _Hlk54352586]Observation 12: SRS repetition more than 4 symbols improves the quality of the channel estimates which reflect to better DL throughput.
TD-OCC
TD-OCC can recover some of the capacity loss by SRS repetition. However, this is conditioned that SRS transmission happens from all the multiplexed SRS ports. In case one SRS transmission by one the UEs is dropped, then orthogonality is lost.
[bookmark: _Hlk54129107]SRS repetition and frequency hopping
As discussed in the last section, increased repetition helps improve the DL throughput and is useful to increase coverage. It, however, comes with a cost to capacity due to occupying more time/frequency resources. To help recover such capacity loss, it is better to have SRS hopping within the repetition. In this part, we include a new scenario into our comparison of 4/8 SRS symbol transmission: 4 times repetition within 2 frequency hops. This new scheme is illustrated in (c), where (a) and (b) represents 4 and 8 times repetition, respectively.
 
[image: ][image: ] [image: ]
(a) 				(b)  				    (c)
Figure 4‑7: Repetition and frequency hopping
[bookmark: _Hlk54378105]Figure 4‑8 illustrates the DL performance with increased repetition and frequency hopping using two different variants (IDFT-based and MMSE based) channel estimation algorithms. In both cases, scheme [4 4] with frequency hopping has the best performance among those three schemes and its performance is almost identical to 8 SRS symbol transmission since the coherently combined power is the same for both [4 4] and [8]. A slight improvement might be since the power boost per tone is better than coherent combining, particularly for MMSE based channel estimation. Note that the capacity with frequency hopping (scheme [4 4]) is the same as without hopping (scheme [4]). Therefore, adding frequency hopping to repetition helps preserve the capacity while providing the same gain in the DL performance from increased repetition to 8 symbols. 

(a)                                                                                    (b)[bookmark: _Ref54248126]Figure 4‑8: DL performance with repetition and frequency hopping

Observation 13: Frequency hopping within SRS repetition improves the quality of the channel estimates which reflect to better DL throughput while preserving the same capacity without hopping
Partial frequency sounding
From frequency perspectives, there are two types of SRS configuration. The first one is the full-band or wideband sounding while the other one partial band sounding where a portion of the frequency resources ( or bandwidth) is soudned. Compared to full-band sounding, partial-band sounding (or patrial-frequency) provides a way to boost the per-tone power because the available transmit power can be allocated to a smaller bandwidth partition. On the other hand, it enhances the SRS capacity as it gives an opportunity for the network to multiplex more UE ports on the rest of frequency resource. However, the wideband sounding allows the gNB to estimate the channel state of the whole transmission bandwidth which provides the flexibility to do frequency domain selective scheduling over the whole DL transmission bandwidth. 
SRS and CSI-RS association
In TDD systems, the Base Station may use SRS resources to acquire the downlink channel state information from uplink channel estimates in order to perform downlink channel-dependent scheduling. For a more efficient downlink channel-dependent scheduling, both the downlink channel information and the interference information are needed to be known in the network. The channel information can be obtained from uplink channel estimation with proper reciprocal calibration. However, acquiring the interference information from uplink SRS transmission is not straightforward. 
It is worth noting that the eNB cannot recover the full interference covariance matrix at the receiver, denoted as , from the scalar CQI.  The missing of interference structure may lead to poor link adaptation because of the underestimate or overestimate of the transmission rank.  Instead of deriving the partial  based on UE feedback, the impact of full  can be embedded into the SRS.  
Specifically, the UE may precode the SRS transmission using the downlink covariance interference matrix, called pre-whitened SRS transmission and effectively advertise to the network which directions are best for downlink transmission. In contrast to the beamformed SRS for uplink link adaptation, the port-to-antenna mapping of pre-whitened SRS is governed by the columns of a power-normalized . Note that the UE already computes the  for the purpose of other demod and CSI purposes, so there is no extra computational requirement for whitening SRS.

Pre-whitened SRS can be thought as a type of precoded SRS. The UE may estimate the interference covariance matrix, , and use  as the SRS precoding matrix.  The gNB can then estimate the pre-whitened UL channel  from the precoded SRS, which reflects the interference structure observed at the UE. This can be particularly useful in reciprocity based DL transmission, as the gNB may not only have the DL channel state information from the UL sounding, but also obtain the knowledge of the interference level at the UE side.  This will enable the gNB to perform more accurate link adaptation based on the pre-whitened channel estimation. 
For the case of partial frequency sounding, since the limited BW for SRS doesn’t cover the channel condition and the interference in the rest of the DL band, the average wideband Rnn matrix, i.e., ,  is used to derive the wideband SRS precoder. Based on the partial sounded bandwidth, we derive the wideband DL precoder for the whole DL bandwidth. 
For this framework to work, network need to indicate to the UE which DL CSI-RS signal it should use to derive Rnn and precode the SRS transmission. That requires an association between CSI-RS and SRS for ‘antenna Switching’. An example of SRS and CSI-RS association is shown in Figure 4‑9, where only partial frequency is sounded by SRS.
[image: ]
[bookmark: _Ref54386403]Figure 4‑9: SRS and CSI-RS association
System level study using UMi scenario for both SU and MU MIMO is performed to compare the performance of full-band SRS sounding w/o CSI-RS and SRS association and the partial frequency sounding scheme with CSI-RS and SRS association. For fair comparison, we use wideband DL precoder for both of the schemes. The throughput CDF plots is depicted at Figure 4‑10 where it shows a clear throughput gain for the scheme with CSI-RS and SRS association. The system level setup and simulation assumptions can be found at Table 4 in the appendix.
         [image: ] [image: ]
[bookmark: _Ref54386375][bookmark: _Hlk54383931]Figure 4‑10: SU and MU MIMO system performance of  partial frequency sounding vs full-band sounding

Observation 14: Partial frequency sounding shows similar throughput performance compared with full-band sounding scheme while higher capacity is achieved by assigning partial sounding bandwidth to each UE. 
Observation 15: The association between SRS and CSI-RS helps improve the link adaptation based on the pre-whitened channel estimation, which reflect to better DL throughput for SU-MIMO and MU-MIMO.
Proposal 17: Support the association between CSI-RS and SRS for ‘antenna switching’.
Partial frequency hopping
Partial-band sounding provides another way to tackle the power limitation issue, because the available transmit power can be allocated to a smaller bandwidth partition to sound all the transmit antennas.  To acquire channel state of the whole system bandwidth, frequency hopping can be introduced to sound each partial-band in a TDM manner.  Besides partial frequency hopping also provides a way to further increase SRS port multiplexing capacity. That is, in addition to FDM’ing across combs and CDM-ing within each comb, multiple SRS ports that share the same comb and CDM sequence may be multiplexed via occupying different partial-bands at each symbol and hopping across symbols. In general, partial frequency hopping indicates that for each hop, only partial bandwidth is sounded while higher multiplexing capacity is achieved compared with full-band sounding. Figure 4‑11 provides examples of full frequency hopping and partial frequency hopping, respectively.
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(a)                                                                               (b)
[bookmark: _Ref54384785]Figure 4‑11 (a) full frequency hopping and (b) partial frequency hopping.
Furthermore, we performed a system level evaluation for both SU and MU-MIMO UEs. For DL, we consider wideband precoder. The study was done with partial frequency hopping comparing full-band SRS. The CDF of the average system throughput for both SU and MU scenarios are shown in Figure 4‑12. Similar to LLS observations, frequency hopping show DL performance improvement due to the power boosting in each hop. Besides, in Figure 4‑13, it also shows that the association between SRS and CSI-RS can further improve the link adaptation based on the pre-whitened channel estimation, which reflect to better DL throughput for SU-MIMO and MU-MIMO.
      [image: ] [image: ]
[bookmark: _Ref54386452]Figure 4‑12 SU and MU MIMO system performance of  frequency hopping vs full-band sounding

         [image: ] [image: ]
[bookmark: _Ref54384710]Figure 4‑13 SU and MU MIMO system performance of partial frequency hopping with the association between SRS and CSI-RS
Observation 16: Partial frequency hopping achieves higher multiplexing capacity compared to full-band sounding or full frequency hopping. Comparing with full-sounding, partial frequency hopping slightly improves the DL throughput due to the power boost.
Observation 17: For partial frequency hopping, the association between SRS and CSI-RS also helps improve the link adaptation, which reflect to better DL throughput for SU-MIMO and MU-MIMO.
Proposal 18: Support the association between CSI-RS and SRS for ‘antenna switching’ for partial frequency hopping.
Larger Comb
In Rel-16, comb-8 was introduced for SRS-positioning. On the other hand, Rel-15 limits SRS transmission to comb-2 and 4. It is expected, however, larger comb can help increase the capacity. In this section, we evaluate the DL performance of larger comb levels, comb-8 and comb-12, compared to comb-2 taken as a baseline. We assume that the maximum number of CS values for comb-8 and 12 are 16 and 24, respectively. 
Figure 4‑14 depicts the DL performance for comb 8 and 12 for two different channels, CDL-B with 30 ns in (a) and CDL-C with 300 ns in (b), when the UL setpoint is -20dB. In these evaluations, we consider sub-band precoder for DL. Under both channel models, comb-8 and 12 have almost identical performance, which is 0.5-1 dB better than comb-2 for an UL setpoint of -20dB. The gain is due to the power boost per tone in larger comb levels. Figure 4‑15 captures the same setting except that the UL setpoint is -10dB, for which all comb levels achieves similar performance. It should be noted that comb-8 uses only 1/4th of the frequency resources compared to comb 2, leading to a capacity improvement of 4 times. Similarly, comb-12 uses only 1/6th of the frequency resources compared to comb 2, leading to a capacity improvement of 6 times.
[image: ]         [image: ]
Figure 4‑14:Figure 4 14: DL performance with larger comb level, UL setpoint -20 dB
        
[image: ]        [image: ]
[bookmark: _Ref54363163]Figure 4‑15: DL performance with larger comb level, UL setpoint -10 dB

Observation 18: Larger comb increases the channel capacity while preserving a similar performance to comb 2. 
RB level partial frequency sounding
In this section, RB level partial frequency sounding (PFS) is considered, where the band is divided into subbands of a predefined size and only some of the RBs within each subband is sounded. Figure 4‑15(a) illustrates an example where the band is divided into subbands of 4 RB and within each subband, only the middle two RBs are sounded, denoted by the bit map 0110. Figure 4‑15(b) illustrates the case where frequency hopping is included as well.
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(a)                                                                         (b)[bookmark: _Ref54251191]Figure 4‑16: RB level partial frequency sounding with and without hopping

Figure 4‑16 depicts the DL performance for two different RB level partial frequency sounding, defined by the bitmaps 0110 and 10, respectively. We consider 20 MHz system bandwidth and two different channel models: CLD-B 30ns and CDL-B 300ns. For DL, we consider wideband precoder where the precoder is obtained by averaging over the precoder designed per sounded RBs. For a fair comparison, we use wideband precoder for full sounding and for perfect channel estimation. As seen from Figure 4‑16, both RB level partial sounding scenarios (10 and 0110) has around 1 dB gain compared to full sounding at low CNR values where the gain comes from the per-tone power boost. Both scenarios, only half of the frequency resources are utilized, which increases the capacity by two times.   
[bookmark: _Ref54251363][bookmark: _Ref54252044]Figure 4‑17: DL performance of RB level partial frequency sounding, without frequency hopping


We next consider a wider system bandwidth, 100 MHz, and introduce frequency hopping with 4 hops. Figure 4‑17 captures the DL performance for all the cases with and without hopping (for 100 MHz) as well as both RB level partial sounding scenarios (10 and 0110). With frequency hopping, the gain from PFS in low CNR vanishes. It, however, still provides a capacity increase of 2 times. 
[bookmark: _Ref54252419]Figure 4‑18 DL performance of RB level partial frequency sounding, with frequency hopping

Observation 19: RB level partial frequency sounding increases the channel capacity while preserving a similar performance to full band sounding. 
Conclusion 
In this contribution, we presented our views on the SRS enhancements techniques. Below is the summary of our conclusion and proposal 
Observation 1: A-SRS can be postponed by the configuration of multiple candidate slots.
Observation 2: Single DCI triggering multiple candidate slots SRS transmission gives the network more flexibility on the PDCCH scheduling, increase SRS coverage through time bunding and reduce SRS triggering overhead.
Observation 3: DCI-based triggering of multiple-slots SRS transmission is much faster and less overhead as compared to SP-SRS.
Observation 4: The group common DCI format 2_3 has some limitation where it triggers only SRS transmission for ‘antenna Switching’ use cases and is limited to UL carrier switching.
Observation 5: For low mobility scenarios, it is preferred to have low-dimensionality antenna switching (1T6R and 1T8R) to improve SRS coverage and also for UE power saving purposes. 
[bookmark: _Hlk23927392]
Observation 6: For higher mobility scenarios, it is preferred to have high-dimensionality antenna switching (4T6R and 4T8R) to get accurate channel states and the overcome the fast aging of the channel.

Observation 7: For 1T8R and 1T6R, extra RF switching circuitry is needed which incur extra insertion loss only for the added antenna.
· Insertion loss affect SRS transmission only at maximum Tx Power.

Observation 8: For 6Rx/8Rx UE with single Tx chain, there is performance gain by sounding all Rx antennas even in the presence of added insertion loss as compared to limiting the sounding to few antennas. 

Observation 9: From system level, insertion loss has limited influence on the DL throughput performance for the antenna switching cases
Observation 10: The gain in the DL throughput from SRS time bundling vanishes with increasing non-coherency.
Observation 11: Rel-15 SRS transmission limited within last 6 OFDM symbols in a slot and SRS repetition up to 4 across 4 symbols. Rel-16 SRS NR-U supports SRS transmission in any symbol of the slot. 
Observation 12: SRS repetition more than 4 symbols improves the quality of the channel estimates which reflect to better DL throughput.
Observation 13: Frequency hopping within SRS repetition improves the quality of the channel estimates which reflect to better DL throughput while preserving the same capacity without hopping
Observation 14: Partial frequency sounding shows similar throughput performance compared with full-band sounding scheme while higher capacity is achieved by assigning partial sounding bandwidth to each UE. 
Observation 15: The association between SRS and CSI-RS helps improve the link adaptation based on the pre-whitened channel estimation, which reflect to better DL throughput for SU-MIMO and MU-MIMO.
Observation 16: Partial frequency hopping achieves higher multiplexing capacity compared to full-band sounding or full frequency hopping. Comparing with full-sounding, partial frequency hopping slightly improves the DL throughput due to the power boost.
Observation 17: For partial frequency hopping, the association between SRS and CSI-RS also helps improve the link adaptation, which reflect to better DL throughput for SU-MIMO and MU-MIMO.
Observation 18: Larger comb increases the channel capacity while preserving a similar performance to comb 2. 
Observation 19: RB level partial frequency sounding increases the channel capacity while preserving a similar performance to full band sounding. 

Proposal 1: Support the introduction of new MAC-CE to reconfigure the slot offset of SRS resource set.
· In addition, the MAC-CE can include a bitmap that can indicate the activate or inactivate SRS resources within the set.

Proposal 2: Support the configuration of multiple triggering slot offsets for the aperiodic SRS resource set 
where each offset is associated with an SRS triggering codepoint that is dynamically indicated by the UL or DL DCI formats.

Proposal 3: Support implicit indication of the SRS triggering offset through the SRS request field in the DCI format and configuring a one-to-one association between each aperiodicSRS-Resource Trigger value and the slot offset
Proposal 4: Support multiple SRS transmission opportunity configuration to enable flexible postponing and multi-slots A-SRS transmission. 

Proposal 5: Support relaxing DCI format 0_1 restriction to enable triggering A-SRS with UL-SCH = 0 and zero CSI request.
· Repurposes some of the bit fields in the DCI to enable simultaneous A-SRS triggering and transmission across multiple serving cells.
Proposal 6: Support single scheduling DCI to trigger simultaneous A-SRS transmission across multiple component carriers. 
· RAN1 further discussion on the specific configuration of the RRC configuration and triggering mechanism. 

Proposal 7: Support single scheduling DCI to trigger simultaneous A-SRS transmission across multiple component carriers. 
· RAN1 further discussion on the specific configuration of the RRC configuration and triggering mechanism. 

Proposal 8: Support the enhancement of DCI formant 2_3 to enable multiple UE SRS transmission across multiple serving cells per UE.
Proposal 9: Support 1T6R SRS switching with the configuration of one SRS resource set with six SRS resources. 

Proposal 10: Support 2T6R SRS switching with the configuration of one SRS resource set with three SRS resources. 

Proposal 11: Support 4T6R SRS switching with the configuration of one SRS resource set with three SRS resources. 

Proposal 12: Support 1T8R SRS switching with the configuration of one SRS resource set with eight SRS resources for P-/SP-SRS and two SRS resource sets with four SRS resources within each set, respectively. 

Proposal 13: Support 2T8R SRS switching with the configuration of one SRS resource set with four SRS resources. 

Proposal 14: Support 4T8R SRS switching with the configuration of one SRS resource set with two SRS resources. 

Proposal 15: To enable flexible reconfiguration of the number of active resources within SRS resource set, MAC-CE command can be used to activate/deactivate the individual resources with the aperiodic SRS set. 

Proposal 16: RAN1 study the performance impact and trade-off for increased SRS repetition.
Proposal 17: Support the association between CSI-RS and SRS for ‘antenna switching’.
Proposal 18: Support the association between CSI-RS and SRS for ‘antenna switching’ for partial frequency hopping.
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Appendix
SLS setup and simulation assumption for antenna switching

[bookmark: _Ref47711528][bookmark: _Ref54337539]Table 3: SRS Antenna Switching SLS Assumptions (Comparing fixed antenna sounding and antenna switching sounding)
	Parameters
	UMi ISD 200m

	Carrier Frequency
	3.5 GHz

	Simulation BW
	20 MHz

	Tx Power
	44dBm/20MHz

	DownTilt
	14 deg

	Horizontal antenna element spacing (dH) @ Both gNB, UE
	0.5λ

	Vertical antenna element spacing
	0.8λ

	gNB antenna height
	25m

	gNB Ant
	64 RX/TX (+/- 45deg) (M, N, P) = (4,8,2)

	UE Ant
	4 Rx: (M, N, P) = (1, 2, 2), 8 Rx: (M, N, P) = (2, 2, 2); 0° / 90° x-pol

	UE Max Tx Power SRS
	17 dBm / simulation BW of 20 MHz

	UE distribution
	20% UEs are outdoor and 80% UEs are indoor

	UE speed
	 indoor (3km/h) and outdoor (30km/h)

	UEs/cell
	10

	Traffic Models
	Full-buffer

	SRS Target SNR
	-10 dB

	DL precoder derivation
	Type II Beamformed CSIRS with eigen beams







[bookmark: _Ref54387038]Table 4: Partial frequency sounding SLS Assumptions 
	Parameters
	UMi ISD 200m

	Carrier Frequency
	3.5 GHz

	Simulation BW
	100 MHz

	Tx Power
	51dBm/100MHz

	DownTilt
	14 deg

	Horizontal antenna element spacing (dH) @ Both gNB, UE
	0.5λ

	Vertical antenna element spacing
	0.8λ

	gNB antenna height
	25m

	gNB Ant
	64 RX/TX (+/- 45deg) (M, N, P) = (4,8,2)

	UE Ant
	4 Rx: (M, N, P) = (1, 2, 2); 0° / 90° x-pol

	UE Max Tx Power SRS
	23 dBm over system BW 

	UE distribution
	20% UEs are outdoor and 80% UEs are indoor

	UE speed
	indoor (3km/h) and outdoor (30km/h)

	UEs/cell
	10

	Traffic Models
	Full-buffer

	SRS Target SNR
	-10 dB

	DL precoder derivation
	Beamformed CSIRS with eigen beams (Pure reciprocity)









Link-level simulation setup
 
Table 5: SRS Antenna Switching LLS Assumptions
	Parameters
	

	Carrier Frequency
	3.5/4 GHz

	Simulation BW
	100 MHz

	SCS
	30 kHz

	Channel model
	TDL-C 300ns

	gNb Antenna
	64

	UE Antenna
	4/8

	gNB antenna correlation
	0.9

	UE antenna correlation
	β=0.3

	Num layer
	1/4

	MCS
	Link adaptation (256QAM)

	DMRS
	Config Type 1

	SRS
	Comb 2/4

	MIMO Detector 
	MMSE
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