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Introduction
The Release 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




In this contribution, we present our high-level views on SRS enhancements. Also, we continue the offline discussion of the evaluation methodology and simulation assumptions [2] for SRS capacity and coverage enhancements. 
Aperiodic SRS 
Flexible triggering
Aperiodic SRS transmission is triggered using the Downlink Control Information (DCI) on the PDCCH. The DCI contents include an SRS request field that represents an SRS codepoint which is used to address the SRS resource sets to be transmitted. The DCI format can be UE specific as DCI format 0_1, 1_1 or 2_1 or group common as DCI format 2_3. Each triggered SRS resource set should be transmitted at a specific time slot given by the relative slot offset from of the triggering DCI slot. In general, when the UE receives DL or UL DCI at slot (n) activating an aperiodic SRS resource set, the UE is expected to transmit the triggered SRS resource set at slot (n+k) where k is slot offset. In current 3GPP specification, the SRS slot offset is RRC configured as part of A-SRS resource set configuration. 
However, the current 3GPP NR mechanism for aperiodic SRS transmission does not provide enough flexibility for triggering the aperiodic SRS resource sets. In some scenarios, the targeted slot and or symbols may not be available for SRS transmission as the slot type or symbol could be DL or reserved. Also, it could happen that the indicated time domain resources for aperiodic SRS transmission may collide with others higher priority UL transmissions and SRS transmission will be dropped. Finally, from PDCCH scheduling perspectives, there could bottleneck in the required number of PDDCHs at a certain DL slot to enable multiple UEs sounding on the same UL slot.
Observation 1: The current 3GPP framework for aperiodic SRS slot offset configuration is not flexible and may cause some congestion for PDCCH scheduling.
Based on the above discussion, we believe that some enhancements are needed for the configuration of the A-SRS slot offset and the triggering of the aperiodic SRS that provides more flexibility to enable SRS transmission compared to Rel-15/16 NR 3GPP specifications.  In the next subsections, we propose our views on few enhancements to facilitate more flexible SRS triggering and transmission.  
Proposal 1: For aperiodic SRS enhancements, RAN1 should focus on solutions to enable flexible definitions and/or reconfiguration of the slot offset as well as flexible triggering of the aperiodic SRS. 
[bookmark: _Ref47377245]MAC-CE for flexible SRS triggering 
NR Rel-16 introduced MAC-CE mechanism to update the spatial relationship of SRS resource for UL beam management latency and overhead reduction. Similar method can be adopted to update the slot offset of the A-SRS resource set. 
To enable flexible and faster timeline for 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 set. This may very helpful for an SRS resource set with many numbers of SRS resources, such that a 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 and also dynamic changes of the slot format. In addition to the update 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 can enable flexible activation or deactivation of the SRS resources within each SRS resource. In the current framework when a specific A-SRS 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. This mechanism may be beneficial for some scenarios as ‘antenna Switching’ SRS resource set which has more than 4 SRS resources. More detailed discussion of the reconfiguration of the SRS resources within a set is presented at subsection 3.4
Dynamic slot offset indication 
In the current 3GPP specification, every aperiodic SRS resource set is associated with a slot offset that is configured by RRC. DCI triggers the transmission of the selected SRS resource set where two-bit SRS codepoint within the DCI indicates which SRS resource set is selected. Once the SRS resource set is selected, then the slot offset, which is determined by the RRC configuration, is fixed. To have a more flexible aperiodic SRS transmission, we propose RRC configuration of multiple slot offsets (e.g. a list of candidate slot offsets) and the DCI dynamically selects one. A high-level overview of the dynamic slot offset indication is illustrated Figure 2‑2.
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Figure 2‑1 DCI indicating the selected slot offset from a list of slot offsets


The indication of the slot offset can be achieved without DCI overhead. For example, each aperiodic SRS resource set is associated with a list of slot offsets that are RRC configured and the SRS codepoint within the DCI indicates both the selected SRS resource set as well as the associated slot offset. 
Proposal 2: To enable flexible indication and dynamic reconfiguration of the slot offset, MAC-CE or DCI based solutions can be introduced in Rel-17.
· RAN1 Further discussion on these two options and down selection if needed.

Semi-Persistent SRS triggering by single DCI 
In NR Rel-15, the single fixed slot offset limits the SRS transmission opportunity and leads to strong constraints on PDCCH transmission timing, especially for the case where a large number of UEs in the cell. A more flexible slot offset setting will be beneficial for both gNB and UE for SRS transmission.  One way to enhance the flexibility is to allow the aperiodic SRS set to be transmitted in multiple slots, which is shown in Figure 2‑2.


[bookmark: _Ref47375312]Figure 2‑2 Single DCI triggering A-SRS for multiple slots
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. After receiving the DCI triggering the A-SRS, the UE can transmit the aperiodic SRS in the configured multiple slots. 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, 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 mechanomes gives more reliability and guarantee of the SRS transmission. Even if one or more of the slots cannot fulfil SRS transmission, there are other slot opportunities for SRS transmission.
For scenarios with many UEs in the cell, gNB can configure A-SRS with multiple 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 2: Single DCI triggering multiple-slots SRS transmission gives the network more flexibility on the PDCCH scheduling, increase SRS coverage through time bunding and reduce SRS triggering overhead.
Compared to SP-SRS, a MAC-CE command is needed for activation with takes introduces some delays. The proposed DCI-based SRS triggering for multiple slots is much faster as compared to SP-SPR. In addition, it does not require the deactivate command as compared to SP-SRS which reduces the scheduling overhead. gNB can indicate such A-SRS according to the real time rapid changing channel states and UE states. 
Observation 3: DCI-based triggering of multiple-slots SRS transmission is much faster and less overhead as compared to SP-SRS.
Dummy UL grant SRS triggering
In current 3GPP specification, aperiodic SRS can be triggered either with DL DCI format 1_1 or UL DCI format 0_1. However, for DCI format 0_1, aperiodic SRS can not 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 ‘dummy’ UL grant where UL-SCH =0 and without CSI request. 
Proposal 3: The following options should be considered to enable flexible triggering of the aperiodic SRS resource set:
· DCI triggers semi-persistent like SRS transmission with defined duration and periodicity. 
· Relax DCI format 0_1 restriction to trigger A-SRS with UL-SCH = 0 and zero CSI request

DCI overhead/usage reduction
UE specific aperiodic SRS transmission can be triggered using unicast UL DCI 0_1 or DL DCI 1_1. However, it is only used to enable SRS transmission on the same carrier on which the DCI is received. In Rel-16, cross-carrier SRS triggering was proposed where the carrier indicator field in DCI format 0_1 and 1_1 is used to indicate the CC index of the triggered SRS resource set(s) [3]. For UL carrier aggregation (UL-CA) where PUSCH/PUCCH is configured for each carrier, network needs to schedule multiple PDCCHs which represents extra DCI overhead. In the next subsection we provide our views on DCI overhead reduction to enable cross component carriers A-SRS triggering. 
Observation 4: The current 3GPP framework does not allow for cross-CC aperiodic SRS triggering which mandates multiple PDCCHs scheduling to enable A-SRS transmission across multiple component carrier (UL-CA).
Also, RAN1 3GPP specification of 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. A new group common DCI or enhanced 2_3 DCI format can be introduced in Rel-17 to reduce PDCCH congestions to enable multiple UE SRS transmission on multiple component carriers. 
Observation 5: 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.

Cross Component Carrier (xCC) A-SRS triggering 
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 the Figure 2‑3 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: _Ref47375346]Figure 2‑3 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 DAC can be received that would trigger this specific AP-SRS resource set. This fields may have multiple CC indices. 
Proposal 4: Single 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 
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. carrier switching. 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. 
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 2‑4 where the block may indicate to the UE which CC the group and corresponding trigger codepoint and the TPC command.


[bookmark: _Ref47600359]Figure 2‑4: Example of group common DCI for multiple UEs and xCC SRS triggering
Proposal 5: A new group common DCI format or enhanced 2_3 DCI format can be introduced to enable multiple UE SRS transmission across multiple component carriers. 
                         
SRS antenna switching for 6 and 8 Rx
With the advanced development of the antenna technology and the NR operation in higher frequency band as compared to LTE, the UE mobile devices can be equipped with more antennas. Also due to the wide range of NR supported bands, some antennas can be shared across multiple radio access technologies as for example sub6 NR and WiFi. On one hand, the current trend of supporting larger mobile UE devices may enable more room for the UE to be equipped with more number of antennas. On the other hand, other form factors wireless devices, such as customer premises equipment (CPE) and laptop, may have more space to allow for more antennas. With such additional antennas, more receiver diversity gain and interference nulling can be achieved, such that DL performance can be improved.
Observation 6: It is beneficial to have wireless devices equipped with more than 4 receive antennas to support more than 4 DL layer and also help the UE to suppress interference. 
Compared to the NR mandatory 4Rx antenna, having larger number of antennas enables the UE to do better job of interference nulling which translate to better link quality. The UE CSI report will improve, and the network can schedule the UE with more layers and/or higher MCS. We did a link-level study of single UE with one serving cell and another interfering neighbor cell as shown in the figure below. 


We evaluated the link-level performance of rank-4 DL transmission for single UEs with 4Rx, 6Rx and 8Rx. Figure 3‑1. shows the DL throughput of the three schemes under fixed inter-cell interference of 0 dB over signal power and rank 4. As expected, there is large throughput improvement with 8Rx and 6Rx compared to 4Rx as the degree of freedom of the extra antennas can be used to null the interference.

[image: ]
[bookmark: _Ref47603805]Figure 3‑1 DL throughput vs CNR for 4Rx, 6Rx and 8Rx w/ inter-cell interference

On the other hand, considering an idealistic scenario for SU w/o inter-cell interference, the simulation results in Figure 3‑2 show the performance gap between 4Rx UE and 8Rx UE with rank-4 PDSCH. The LLS evaluation assumptions are shown in Appendix 7.2.
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[bookmark: _Ref47710367][bookmark: _Ref47710356]Figure 3‑2 Performance of 4Rx UE and 8Rx UE with realistic channel estimation

Observation 7: LLS show significant performance gains for UE with more than 4 antennas 
System level study using UMi scenario for both SU and MU MIMO is performed to compare the performance of 4Rx UE vs 8Rx UE. For fair comparison, we used fixed 4 antenna sounding for each antenna configuration. The throughput CDF plots is depicted at Figure 3‑3 where it shows a clear throughput gain for 8Rx UE compared to 4Rx UE. The system level setup and simulation assumptions can be found at Table 2 in the appendix. 
	[image: ][image: ]
[bookmark: _Ref47710267]Figure 3‑3:SU and MU MIMO system performance of 8 Rx UE vs 4Rx UE (fixed 4 antenna sounding)


Observation 8: SLS for SU and MU MIMO shows potential gain in coverage and capacity with more receive antennas. 
· 20% TUPT gain for SU and 15% for MU MIMO.

Current 3GPP limitation for SRS antenna switching
In Rel-15, gNB can schedule PDSCH transmission for single UE up to 8-layer. However, only Type-I codebook can support more than 4 layers. It is well known that DL CSI-acquisition based on SRS allows for finer granularity of precoder (i.e. subband). However, SRS ‘antenna switching’ in current NR specs can support only to 4 Rx antennas. Exploiting the spatial domain of the 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.
Observation 9: current 3GPP spec allows for up to 8 DL Layers based on type-I codebook or SRS reciprocity; however, SRS antenna switching is limited to 4 Rx antennas. 


                
Figure 3‑4: fixed antenna sounding vs full sounding (with antenna switching)

In Figure 3‑5, we show the performance of 6/8 Rx UE with fixed 4 antennas sounded versus sounding all antenna using antenna switching mechanism. The evaluation assumptions are shown in Table 3 at the Appendix. Fixed sounding is based on the first 4 antenna while for antenna switching, we used 4T6R/4T8R and the 6/8 Rx respectively. We also compared against the baseline of 4Rx UE (red curve).
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[bookmark: _Ref47711700]Figure 3‑5: LLS performance of 6/8 Rx UE with fixed 4Rx sounded and with all 6/8 Rx sounded
Observation 10: LLS of 6/8Rx UE of antenna switching versus fixed switching.
· Compared to the baseline (4Rx UE), 6/8 Rx UEs with fixed antenna sounded show 2 dB gain.
· Compared to the baseline (4Rx UE), 6/8 Rx UEs with antenna switching show 4~6 dB gain.
In addition to LLS, we performed a system level evaluation for both SU and MU-MIMO UEs with two different setting of SRS sounding periodicity 2ms and 10ms. The study was done with 8Rx UE comparing fixed antenna vs antenna switching. The CDF of the average system throughput for both SU and MU scenarios are shown below. Similar to LLS observations, antenna switching show DL performance improvement as the NW can explore the spatial dimension of all UE antennas. Another note, no obvious TPUT loss for either fixed or antenna switching with longer sounding periodicity of 10ms as compared to 2ms. 

	Single UE scenario

	2ms sounding periodicity
	10 ms sounding periodicity
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	MU UE scenario

	2ms sounding periodicity
	10 ms sounding periodicity
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Observation 11: For SU and MU MIMO, the system level results show signification performance improvement for the antenna switching vs fixed antenna sounding. 

SRS antenna switching with 6Rx and 8Rx UE
In this section, we show link-level evaluation results of 6/8Rx UE with the different antenna switching configuration for both low and high mobility scenarios. 
Low mobility
Figure 3‑6 show the performance comparison of 1T6R, 2T6R and 4T6R with low Doppler (v =3 km/hr). The SRS UL setpoint 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 and 1T8R are preferred from UE power savings perspective. 
[image: ]
[bookmark: _Ref47713386]Figure 3‑6: DL TPUT comparison of the performance of 6 Rx UE with UL setpoint 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 3‑7. Similar observation to the previous 6Rx UE setup is found where 1T8R achieves highest TPUT compared other antenna switching schemes. 
[image: ]
[bookmark: _Ref47714577]Figure 3‑7:DL  performance of 8 Rx UE with UL setpoint
It is shown that for the same power per SRS symbol, 1T8R shows the best performance.
Observation 12: 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. 
· LLS shows that 6dB gain can be achieved with 1T6R/1T8R as compared to 4T6R and 4T8R respectively. 

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 3‑8 and Figure 3‑9 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 3‑10 and Figure 3‑11.
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[bookmark: _Ref47715242]Figure 3‑8: DL throughput  performance of 6 Rx UE for 30 km/h scenarios
[image: ]
[bookmark: _Ref47715245]Figure 3‑9: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: _Ref47715442]Figure 3‑10:DL throughput performance of 8 Rx UE for 30 km/h scenarios
[image: ]
[bookmark: _Ref47715444]Figure 3‑11:DL throughput performance of 8 Rx UE for 120 km/h scenarios
Observation 13: 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.
· LLS shows that roughly 2 dB gain can be achieved with 4T6R/4T8R as compared to 1T6R and 1T8R respectively. 

Configuration of SRS resource and resource sets
The combination of SRS switching up to 8Rx is shown in Table 1. In order to support such combinations, similar to SRS antenna switching of xt4R, multiple SRS resource set/SRS resources can be configured for UEs for “antenna switching”. 
[bookmark: _Ref47644099]Table 1 The combination of SRS switching up to 8Rx
	Tx\Rx
	6R
	8R

	1T
	1T6R
	1T8R

	2T
	2T6R
	2T8R

	4T
	4T6R
	4T8R




SRS antenna switching for xT6R (x=1,2 and 4)
One, two or three SRS resource sets can be used for 1T6R, with six, three, two SRS resources within each SRS resource set, respectively. The following subsections show examples for the configuration of periodics, semi-persistent and aperiodic SRS configuration for 1T6R, 2T6R and 4T6R.
 1T6R
Example configurations of the SRS resource sets and the SRS resources for 1T6R is shown in Figure 3‑12.
[image: ]
[bookmark: _Ref47716249]Figure 3‑12: SRS configuration for 1T6R

2T6R
Example configurations of the SRS resource sets and the SRS resources for 2T6R is shown in Figure 3‑13. One, or two SRS resource sets can be used for 2T6R, with three, two (one) SRS resources within each SRS resource set, respectively.

[image: ]
[bookmark: _Ref47716317]Figure 3‑13:SRS configuration for 2T6R

4T6R
Example configurations of the SRS resource sets and the SRS resources for 4T6R is shown in.Figure 3‑14
[image: ]
[bookmark: _Ref47716405]Figure 3‑14:SRS configuration for 4T6R
For more details on the configuration of 4T6R, one example with antenna cycling is shown in Figure 3‑15 . 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 3‑15:SRS configuration for 4T6R with two antenna cycling

SRS antenna switching for xT8R (x=1,2 and 4)
1T8R
Example configurations of the SRS resource sets and the SRS resources for 1T8R is shown in Figure 3‑16 
[image: ]
[bookmark: _Ref47716764]Figure 3‑16:SRS configuration for 1T8R
One, two or four SRS resource sets can be used for 1T8R, with eight, four, two SRS resources within each SRS resource set, respectively. 
2T8R
Example configurations of the SRS resource sets and the SRS resources for 2T8R is shown in.Figure 3‑14
[image: ]
Figure 3‑17:SRS configuration for 2T8R
One, or two SRS resource sets can be used for 2T8R, with four, two SRS resources within each SRS resource set, respectively. 
4T8R
Example configurations of the SRS resource sets and the SRS resources for 4T8R is shown in Figure 3‑18.Figure 3‑14
[image: ]
[bookmark: _Ref47716856]Figure 3‑18:SRS configuration for 4T8R

[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 6: 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. 
SRS coverage and capacity enhancement
Evaluation Methodology 
[bookmark: _Hlk47437249]Companies shared their views on the SRS evaluation methodology over two phases. The outcome of phase 2 offline discussion on the evaluation methodology of SRS enhancements is summarized at [2]. In this section, we provide our views on the offline proposals for SRS evaluation. Also, we propose in this section high level overview of SRS enhancement techniques targeted for both SRS coverage and capacity improvement. 
General methodology for SRS evaluation
Based on the outcome of the offline discussion, majority of the companies think that LLS should be used to evaluate SRS enhancements proposals while few companies proposed SLS for SRS capacity. We believe that LLS is mandatory to evaluate all SRS enhancements proposals for both coverage and capacity enhancement. On top of that, SLS is needed to evaluate the SRS capacity enhancement. For SRS capacity enhancement, we should consider the system throughput as a function of total SRS resources. For example, a baseline scheme that achieves certain system throughput of X Mbps compared to an SRS enhancement scheme that can almost achieve the same throughput of the baseline scheme while reducing the SRS resources by Y%. The network can utilize these extra SRS resources to multiplex sounding extra UEs. Therefore, we propose the following update of Proposal 1.
	Conclusion 1: LLS is used to evaluate SRS enhancements in Rel-17 FeMIMO, while SLS can be used additionally for evaluating data throughput and utilized SRS resources for a given SRS capacity enhancement design.



Link-level study methodology
metric
We think that DL performance evaluation should be prioritized over UL as the DL is more sensitive to CSI as DL has fine resolution of the subband precoding as compared to UL which is wideband precoding and coarse codebook as compared to DL codebook design. Also, the DL throughput is preferred to be used as the main evaluation metric compared to DL BLER as the later requires fixed MCS. It may be easier to setup simulations with fixed MCS; however, it is hard to quantify the DL throughput from the BLER results. 
Baseline
We are fine with the current proposal where each company to state detailed description of the baseline scheme.  
Carrier frequency, SCS and system BW
We think that the SRS evaluation should be considered for FR1 only and the enhancements techniques should be applicable for both FR1 and FR2. The evaluation for FR2 will require extra effort to agree on separate configurations and the simulation assumptions. 
For FR1, we should select one value for the carrier centre frequency from the two proposed 3.5GHz and 4GHz along with system bandwidth of 100MHz. For the study on the partial frequency reciprocity, the UL BWP or SRS RB configuration should be agreed on as a percentage (e.g. 25% or 50%) of the of the DL BWP.
Channel model and UE speed
The UE speed of 3km/hr or 30km/hr should be considered as baseline and the higher mobility of 120 km/hr should be optional as it is not very common scenario. 
Number of antennas and antenna configuration
For gNB antenna configuration, it is good to align the configuration between the companies and select one configuration e.g. 64T64R. We agree with omni antenna at the UE side for FR1. And as highlight earlier, it is better to focus the efforts on FR1 only.
Rank and precoder
We think fixed rank with adaptive link adaptation of MCS should be considered while the DL precoder can be based on SRS reciprocity to exploit the gains of the SRS enhancements
DL SNR
The delta between UL and DL SINR should not be a fixed number as UL power control can make the gap varies depending on the UE conditions. We suggest have a fixed UL SRS setpoint for the evaluation.
Phase coherency 
Phase and time coherency model should be considered for evaluation of SRS time bundling and/or inter-slot repetition. Two models are described below. The first model is based on defining per SRS port a maximum phase error within a time window. The second mode considers the phase variation due to time drift as well an upper bound of random phase variation. 
· Phase coherency bound 

· Time phase drift rate is denoted as: 
 

	Proposal 2: Adopt the following LLS assumptions for at least SRS enhancements on coverage/capacity in Rel-17.



	Parameter
	Value

	Metric
	DL BLER or throughput and optional UL BLER or throughput
Note: Other metrics like MSE can be considered optionally. 

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme.
FFS: converged baseline(s).

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz or 4GHz, 30kHz, 20, 40 or 100 MHz
FR2: 30 GHz, 120kHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline
Note: other delay spread is not precluded. 
FFS: whether and how to define scenario
FFS: whether and how to use CDL in MU-MIMO

	UE speed
	3km/h , 30km/h or optional 120km/h 

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R

	UE antenna configuration
	FR1: omni as baseline
· FFS: whether direction can also be considered for more than 2 antennas
FR2: directional

	Rank, precoder and MCS 
	Precoder is adaptive. Rank/MCS can be adaptive or fixed.

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

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

	SRS Comb
	Comb 2 or 4

	SRS frequency hopping
	Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR
· FFS detailed values

	Phase coherency
	Further discussion to adopt one of the proposed phase coherency models below:
· 
·  



System-level study methodology
In our views, the SLS study should be considered only for SRS capacity enhancement. 
· Traffic model: consider full buffer scenario as well.
	Proposal 3: Adopt the following SLS assumptions for SRS capacity enhancements in Rel-17.



	Parameter
	Value

	Metric
	DL throughput

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme. 

	SRS error modelling
	Table A.1-2 of TR 36.897

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

	Carrier frequency,  SCS and system bandwidth
	3.5GHz, 30KHz and 20MHz/40MHz/100MHz as baseline

	Number of gNB antennas
	(M, N, P, Mg,Ng; Mp, Np) = (8,8,2,1,1,4,8). (dH,dV) = (0.5, 0.8)λ

	Number of UE antennas
	1T4R, 2T4R or 4T4R

	Traffic model
	FTP 1 or FTP 3 or full buffer

	Handover margin
	3dB

	Scenario
	UMi/UMa with 200m ISD.
Note: UMa with 500m ISD can also be considered.



SRS coverage and capacity Enhancement 
SRS increased repetition
Rel-16 NR-U supports transmitting SRS starting in all symbols of a slot. SRS transmission can happen at any OFDM symbols within the slot. SRS for positioning can be configured for up to 12 symbols. Rel-15 limits SRS repetition to 4 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 14: 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. 
Proposal 7: RAN1 study the performance impact and trade-off for increased SRS repetition.

[image: ]Figure 4‑1 shows the DL performance of intra-slot SRS bundling. Within one UL slot, 1, 2, 4, 8 SRS symbols are transmitted. Each SRS symbol applies 4T4R, gNB can estimate the channel each UL slot based on 1~8 SRS symbols.

[bookmark: _Ref47719551][image: ]Figure 4‑1: DL performance with increase SRS repetition
[bookmark: _GoBack]The simulation was done with UL CNR setpoint of -20dB. It is clear that increasing the number of SRS within the slot can improve the DL performance. Compared with 1 SRS symbol, 2/4/8 SRS symbols can achieve 0.9/1.7/2.5 dB gain, respectively.

SRS time bundling 
In addition to repetition, SRS coverage can be improved by time bundling of same SRS resource at multiple time occasions of the same resource. However, the phase coherency of SRS transmission should be maintained, e.g. no change of the active BPWS between the time occasions and no frequency hopping is configured. In addition, two different SRS resources (e.g. antenna switching and codebook) can be time bundled if same port(s) are sounded in both resources. Examples of inter-slot and intar-slot time bunding are shown in Figure 4‑2.


                 
[bookmark: _Ref47719587]Figure 4‑2: inter-slot and intra-slot SRS bundling

Figure 4‑3 shows the DL performance of inter-slot SRS time bundling. We consider UDDD slot configuration where within each UL slot, 1 symbol are transmitted and 1, 2 or 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 the SRS UL set point was set at CNR equal to -20dB. As expected, the results show that increasing the SRS bundle size can improve the DL performance. Compared to bundle size 1, bundle size 2 and 4 can achieve 0.7/1.4 dB gain, respectively. It is worth noting that these results assumed ideal phase coherency at both UE and gNB and these gains represent an upper bound.

[image: ]
[bookmark: _Ref47719177][image: ]Figure 4‑3: SRS time bundling
Figure 4‑4 shows the DL performance of both inter-slot and intra-slot SRS bundling. Within one UL slot, 1, 2, 4, 8 SRS symbols are transmitted, and 2 SRS slots are bundled for channel estimation.
[image: ]
[bookmark: _Ref47720753]Figure 4‑4: Intra-slot plus inter-slot SRS time bundling (bundle size = 2)
Observation 15: SRS time bundling helps improve the quality of the channel estimates which reflect to better DL throughput. 
Conclusion 
In this contribution, we presented our views on the EVM for SRS enhancement. Below is the summary of our conclusion on EVM. 
	Proposal 1: LLS is used to evaluate SRS enhancements in Rel-17 FeMIMO, while SLS can be used additionally for evaluating data throughput and utilized SRS resources for a given SRS capacity enhancement design.
Proposal 2: Adopt the following LLS assumptions for at least SRS enhancements on coverage/capacity in Rel-17
	Parameter
	Value

	Metric
	DL BLER or throughput and optional UL BLER or throughput
Note: Other metrics like MSE can be considered optionally. 

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme.
FFS: converged baseline(s).

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz or 4GHz, 30kHz, 20, 40 or 100 MHz
FR2: 30 GHz, 120kHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline
Note: other delay spread is not precluded. 
FFS: whether and how to define scenario
FFS: whether and how to use CDL in MU-MIMO

	UE speed
	3km/h , 30km/h or optional 120km/h 

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R

	UE antenna configuration
	FR1: omni as baseline
· FFS: whether direction can also be considered for more than 2 antennas
FR2: directional

	Rank, precoder and MCS 
	Precoder is adaptive. Rank/MCS can be adaptive or fixed.

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

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

	SRS Comb
	Comb 2 or 4

	SRS frequency hopping
	Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR
· FFS detailed values

	Phase coherency
	Further discussion to adopt one of the proposed phase coherency models below:
· 
·  


Proposal 3: Adopt the following SLS assumptions for SRS capacity enhancements in Rel-17.
	Parameter
	Value

	Metric
	DL throughput

	Baseline
	Rel-15 SRS + FG 10-11. Companies to state the detailed configuration used as baseline scheme. 

	SRS error modelling
	Table A.1-2 of TR 36.897

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

	Carrier frequency,  SCS and system bandwidth
	3.5GHz, 30KHz and 20MHz/40MHz/100MHz as baseline

	Number of gNB antennas
	(M, N, P, Mg,Ng; Mp, Np) = (8,8,2,1,1,4,8). (dH,dV) = (0.5, 0.8)λ

	Number of UE antennas
	1T4R, 2T4R or 4T4R

	Traffic model
	FTP 1 or FTP 3 or full buffer

	Handover margin
	3dB

	Scenario
	UMi/UMa with 200m ISD.
Note: UMa with 500m ISD can also be considered.






We also discussed our high-level proposal for possible SRS enhancement. Here is the summary of observation and proposals.
Observation 1: The current 3GPP framework for aperiodic SRS slot offset configuration is not flexible and may cause some congestion for PDCCH scheduling.
Observation 2: Single DCI triggering multiple-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 current 3GPP framework does not allow for cross-CC aperiodic SRS triggering which mandates multiple PDCCHs scheduling to enable A-SRS transmission across multiple component carrier (UL-CA).
Observation 5: 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 6: It is beneficial to have wireless devices equipped with more than 4 receive antennas to support more than 4 DL layer and also help the UE to suppress interference. 
Observation 7: LLS show significant performance gains for UE with more than 4 antennas 
Observation 8: SLS for SU and MU MIMO shows potential gain in coverage and capacity with more receive antennas. 
· 20% TUPT gain for SU and 15% for MU MIMO.
Observation 10: LLS of 6/8Rx UE of antenna switching versus fixed switching.
· Compared to the baseline (4Rx UE), 6/8 Rx UEs with fixed antenna sounded show 2 dB gain.
· Compared to the baseline (4Rx UE), 6/8 Rx UEs with antenna switching show 4~6 dB gain.
[bookmark: _Hlk23927392]Observation 11: For SU and MU MIMO, the system level results show signification performance improvement for the antenna switching vs fixed antenna sounding. 

Observation 12: 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. 
· LLS shows that 6dB gain can be achieved with 1T6R/1T8R as compared to 4T6R and 4T8R respectively. 
Observation 13: 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.
· LLS shows that roughly 2 dB gain can be achieved with 4T6R/4T8R as compared to 1T6R and 1T8R respectively. 
Observation 14: 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 15: SRS time bundling helps improve the quality of the channel estimates which reflect to better DL throughput. 

Proposal 1: For aperiodic SRS enhancements, RAN1 should focus on solutions to enable flexible definitions and/or reconfiguration of the slot offset as well as flexible triggering of the aperiodic SRS. 
Proposal 2: To enable flexible indication and dynamic reconfiguration of the slot offset, MAC-CE or DCI based solutions can be introduced in Rel-17.
· RAN1 Further discussion on these two options and down selection if needed.
Proposal 3: The following options should be considered to enable flexible triggering of the aperiodic SRS resource set:
· DCI triggers semi-persistent like SRS transmission with defined duration and periodicity. 
· Relax DCI format 0_1 restriction to trigger A-SRS with UL-SCH = 0 and zero CSI request
Proposal 4: Single 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 5: A new group common DCI format or enhanced 2_3 DCI format can be introduced to enable multiple UE SRS transmission across multiple component carriers. 

Proposal 6: 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 7: RAN1 study the performance impact and trade-off for increased SRS repetition.
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Appendix
SLS setup and simulation assumption for antenna switching

[bookmark: _Ref47711528]Table 2: 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
	10m

	gNB Ant
	32 RX/TX (+/- 45deg) (M, N, P) = (16,1,2)

	UE Ant
	8Rx cross-polarized (0/+90 deg) (M, N, P) = (2,2,2) for 8 Ant

	UE Max Tx Power SRS
	23 dBm over system BW of 80 MHz (17 dBm / simulation BW of 20 MHz)

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

	UE speed
	3km/h for all UEs

	UEs/cell
	10

	Traffic Models
	Full-buffer

	SRS Target SNR
	-10 dB

	DL precoder derivation
	Type II Beamformed CSIRS with eigen beams



Link-level simulation setup
Table XX: 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





[bookmark: _Ref47711767]Table 3: SRS Antenna Switching SLS Assumptions (Comparing 4Tx/Rx and 4Tx/8Rx)
	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
	10m

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

	UE Ant
	4/8 Rx cross-polarized (0/+90 deg) (M, N, P) = (1,2,2) for 4 Ant, (2,2,2) for 8 ant 

	UE Max Tx Power SRS
	23 dBm over system BW of 80 MHz (17 dBm / simulation BW of 20 MHz)

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

	UE speed
	3km/h for all UEs

	UEs/cell
	10

	Traffic Models
	Full-buffer

	SRS Target SNR
	-10 dB

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