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1	Introduction
In RAN#86, enhancements on SRS operation were approved to be considered and specified as part of the further enhancements on MIMO WID [1]. The objectives for the SRS enhancements are stated as follows [1]:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows: 
· Extend specification support in the following areas [RAN1]
…
· Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
       …


2	Discussion on SRS Enhancements 
2.1	Triggering Enhancements

	Agreement
Confirm the following WA:
For DCI indication of “t” in Rel-17 SRS triggering offset enhancement
· For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
· t is indicated by adding a new configurable DCI field (up to 2 bits)
· Applies only when there are multiple   candidate values of t configured
· No further enhancement to indicate “t” for DCI 0_1/0_2 without data and without CSI request at least when the new DCI field is configured




According to previous RAN1-106e meeting agreement, for both DCI scheduling PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request, new DCI field “t” exists only when the new field is configured. Therefore, there is also case when new field is not configured by RRC. To enable support for Rel-17 aperiodic SRS triggering enhancements also in this case, repurposing can provide an attractive way to utilize existing DCI fields in DCI formats 0_1 and 0_2. 
One possible approach of repurposing fields supported in DCI format 0_1 is to extend the number of DCI codepoints (i.e. SRS request) for aperiodic SRS triggering states from three to at least seven triggering states. In Rel-17, the total number of different antenna switching configurations is larger compared with to Rel-15. Moreover, Rel-17 provides support for several different antenna switching configurations where multiple resource sets can be configured, e.g. 1T6R (N_max=3),1T8R (N_max=4), 2T6R (N_max=3), 2T8R (N_max=4), 4T8R (N_max=2).Therefore, it would be straightforward to extend the number of SRS request field with 1-2 bits to enable both aperiodic triggering of multiple different Rel-17 antenna switching resource sets as well as repurposing at least one of aperiodic triggering states for the indication of “t”. Based on above discussion, from our perspective, we prefer to extend the number of DCI codepoints to support at least 7 aperiodic SRS triggering states. 
Observation 1: It is beneficial to extend the number of DCI codepoints to support at least 7 aperiodic SRS triggering states for DCI format 0_1 without data and CSI.
When multiple aperiodic UL SRS resource sets are triggered with DCI with single “t”, collision in time  may occur among triggered UL SRS resource sets. The combination of different resource set specific slot offset values and k-values as well as one common t-value, can lead to a situation where multiple triggered aperiodic resource sets to collide in time in the same available slot. Therefore, a dropping rule is required to define which of aperiodic SRS set(s) the UE shall transmit and which of them to drop. One simple dropping rule among aperiodic UL SRS resource sets is to define the following priority order between different usage types (highest priority first in the list): antennaSwitching > codebook>noncodebook> >beamManagement. When collision occurs between different usage types, the UE shall always drop lower priority SRS resource set and transmit higher priority UL SRS resource set. 

Proposal 1: Support to extend the number of DCI codepoints to support at least 7 aperiodic SRS triggering states for DCI format 0_1 without data and CSI. 
Proposal 2: Support the following priority order between different UL SRS resource usage types (highest priority first in the list): antennaSwitching > codebook>noncodebook> >beamManagement. 
       
2.2	Coverage and Capacity Enhancements

	Agreement

For Comb-8 SRS in Rel-17, down-select one of the following in RAN1#106bis-e
· Alt 1: The maximum number of CSs for Comb-8 is 6
· Alt 2: The maximum number of CSs for Comb-8 is 12, and introduce a rule to restrict applicable CSs when SRS sequence is shorter than the maximum number of CSs




Based on the RAN1-104bis-e meeting agreement, two different alternatives, i.e. Alt-1 and Alt-2, with different number of maximum number of cyclic shifts for comb-8 have been proposed to be studied. Alt-1 is already supported in Rel-16 specification for positioning where the number of cyclic-shifts is equal to 6 with a minimum sequence length of 6. For comb-8, multiple of 4 PRBs is required to fulfill the agreed minimum sequence length. When comb-8 is configured with CS=6, any of the ports within the SRS resource, the cyclic shifted sequence for a port is orthogonal to each other because the same base sequence is used for all ports within the SRS resource. The total number of SRS antenna ports to be multiplex becomes 48, which is the same as in Rel-15, i.e. comb-4 with CS=12. From multiplexing capacity point of view, comb-8 with CS=6 does not lead into any antenna port multiplexing gain with respect to Rel-15 solution. 
An another aspect to be considered, if two or more resources from same or different user share the same comb-type such that the first cyclic values are different for two different resources. This enables to share the same base sequence with between two different resources by using sub-set of the maximum cyclic shifts. From this perspective, Alt-2 (CS=12) has a larger number of candidate cyclic shift combinations to be paired with respect to CS=6.  However, the minimum sequence length requirements of 6 limits the number of available orthogonal cyclic shifts with CS=12 such that only some specific cyclic shift values are orthogonal to each other’s. It is worth noting that the non-orthogonality problem is only valid with short sequence lengths (e.g. length of 6 or 7 or 8,etc.) and non-orthogonality problem does not exist with larger sequence lengths. The non-orthogonality problem may be avoided by using specific cyclic shift value combinations resulting short sequences to be orthogonal. In general, Rel-17 UL SRS design should provide higher antenna port multiplexing capacity compared with Rel-15. By using comb-8 with CS=12, up to 96 antenna ports can be multiplexed in scenarios where the delay spread of a channel does not cause problems. Therefore, from system perspective, Alt-2 is more attractive solution for Rel-17.
Observation 2: Alt-2 (The maximum number of CSs for Comb-8 is 12)) is more feasible option compared with Alt-1 for Rel-17.
Proposal 3: Support Alt-2 (The maximum number of CSs for Comb-8 is 12) for Rel-17.
2.2.2 RB-Level Partial Frequency Sounding 
	Agreement (RAN1-106e)
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  Noffset  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled, khopping is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how




Figure 1 shows an example of partial frequency sounding with hopping and two symbols, PF=2 and without repetition. By enabling partial frequency sounding block with specific start PRB location Noffset hopping, further flexibility for multiplexing other UL signals/reference/channels transmissions from same/other user(s) can be provided.  
[image: ]
[bookmark: _Ref79084386]Figure 1 An example of partial frequency sounding with hopping. 
Regarding to whether to introduce DCI and/or MAC CE to adapt PF and Noffset, from our perspective there is no need to introduce any additional signaling with respect to agreed RRC signaling. 
Observation 3: No need to introduce any additional signaling for PF and Noffset with respect to RRC signaling.
To further enhance coverage of partial frequency sounding block-wise transmission w/ or w/o repetition and/or frequency hopping or non-hopping, it is highly important to consider maximum output power reduction (MPR) aspects.  To avoid exceeding out-of-band emissions (e.g., ACLR, Spectrum emission mask) to mainly adjacent radio systems within a band and provide extra band-specific robustness against additional spurious emissions such as a protection of neighboring radio systems outside a band with a reasonable implementations such as PA linearity, RAN4 defines several cases allowing for a UE to reduce its maximum output power to comply with regulations and/or due to some UE RF impairments (Rel-15 NR RAN4 specification (TS 38.101-1, sect. 6.2.2/6.2.3 and TS 38.101-2, sect. 6.2.2 and 6.2.3)). 
MPR: Maximum output Power Reduction
UE is allowed to use the maximum power reduction (i.e. power back-off) values to meet out of band emissions. When the power reduction is realized, the UE is assumed to reduce evenly the total TX power across PRBs assigned for an active UL BWP in a UE channel bandwidth. Though different MPR(s) are specified depending on combinations of many factors such that UE power class, modulations, waveforms(CP-OFDM or DFT-s-OFDM), UE channel bandwidth, frequency range (i.e., FR1(410 MHz – 7125 MHz) or FR2(24250 MHz – 52600 MHz)) and so on, ultimately, the values are a function of the number of RBs and its position in a channel bandwidth under a certain combination. Moreover, MPR values and the applicable conditions consisting of the number of PRBs and its position are symmetrical within the channel bandwidth.
A-MPR: Additional Maximum Power Reduction 
To enable protection of a specific band for out-of-band emissions as well as fulfill additional spurious emission requirements, NR specification provides support for the UE to use extra UL TX power reduction (i.e. power back-off). Unlike MPR, A-MPR values and the applicable conditions consisting of the number of RBs and its position are not symmetrical within the channel bandwidth. It means that if the same number of RBs is located at lower edge of a UE channel bandwidth where the edge is closer to a victim system to be protected than the higher edge, the required A-MPR at the lower edge RBs allocation is larger than that at the higher edge RBs allocation even with the same number of RBs.
[bookmark: _GoBack]Observation 4: To avoid out-of-band emissions (i.e. inter-modulation interference) to neighboring radio systems within a band and provide extra band-specific robustness, RAN4 defines maximum allowed UL TX output power reduction requirements (i.e. MPR and A-MPR) that can severely limit the coverage of UL SRS. 
To avoid coverage degradation of the UL SRS due to MPR/A-MPR requirements, it is possible to use SRS configurations where UL SRS resources are not configured at band edges. However, this approach is very inefficient way to utilize of the spectrum. Hence, this approach is not pragmatic and desirable one. Furthermore, due to required TX power reduction, still some portion of the UL BWP may require the UE introduce TX power imbalance within the total SRS bandwidth. 
Figure 2 shows an example of the power imbalance problem associated with UL SRS with frequency hopping. As shown, UE is configured with UL SRS where the total SRS transmission bandwidth is divided into four different SRS transmissions (64 PRBs in each) covering entire UL BWP (272 PRBs). Furthermore, the SRS resource is configured with repetition factor of 4. To avoid out-of band emissions according to RAN4 specification, the UE reduces its UL SRS transmissions power at the edges of a channel bandwidth with respect to the center of the channel bandwidth. Here, it is assumed that the UE reduces 4dB at edges and 1.5 dB at center of UL BWP. Due to resource specific repetition (i.e. 4), the impact of power reduction can be partly compensated with repetition, but power imbalance still remains across configured maximum transmitted SRS bandwidth.
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[bookmark: _Ref68549160]Figure 2 an example of received power imbalance between center and edge PRBs of the total SRS bandwidth
Even though the potential coverage problem of the UL SRS can be partly covered with Rel-15 SRS resource configuration, the power imbalance problem remains between different UL SRS transmission instants. As a result, the quality of UL CSI or DL CSI associated with active UL/DL BWP can be severely degraded. Due to Rel-15 UL SRS resource level repetition, each UL SRS symbol uses the same repetition factor leading to excessive UL SRS overhead which is not desirable from the system perspective.  
The problem of power imbalance between PRBs across total UL SRS sounding bandwidth can significantly limit the coverage and quality of UL/DL CSI acquisition resulting in significant performance degradation of MU-MIMO transmissions in both UL and DL. Especially, when DL CSI acquisition for MU-MIMO transmission is carried out based on UL SRS sounding, the quality of UL SRS based DL channel estimates play a key role for non-codebook based precoded MU-MIMO PDSCH transmission.
Observation 5: Due to MPR/A-MPR requirements, TX power imbalance is introduced across total UL SRS transmission bandwidth resulting degradation for coverage and quality of UL CSI/DL CSI, impacting to, e.g. DL MU-MIMO performance. 
To reduce the problem of TX power imbalance, and degradation of UL/DL CSI acquisition as well as UL SRS signaling overhead in presence of different MPR/A-MPR requirements, Rel-17 UL SRS resource configuration for coverage enhancements, e.g. partial frequency sounding, need to take into account flexibly about these requirements. More specifically, Rel-17 SRS configuration needs to provide support for approach that enables to control UL TX power reduction for each UL SRS transmission occasion. To reduce specification and implementation impacts, enabling support for repetition of partial frequency sounding block/PRBs block specifically or symbol specific repetition factors for different symbols within one UL SRS resource can provide a straightforward approach for this.  
Observation 6:Rel-17 SRS configuration for partial frequency sounding need to provide support for approach that enables to control flexibly UL TX power reduction for each UL SRS transmission occasion.
Observation 7:It would be beneficial to enable repetition of partial frequency sounding block specifically or symbol specific repetition factors for different symbols within one UL SRS resource. 
To minimize Rel-17 partial frequency sounding UL SRS resource transmission overhead with frequency hopping, e.g. in the presence of MPR/-A-MPR requirements, it would be beneficial also to enable the adaptation of the size of SRS transmission bandwidth for those PRBs/partial frequency sounding blocks that impacted by the MPR/A-MPR requirements.
Figure 3 shows throughput performance of PDSCH w/ and w/o MPR requirements with Ns=4, 8 and R=4, 8. Here, the solid lines illustrates the performance with MPR requirement. As can be observed, the throughput performance is degraded in the presence of MPR requirement. The performance is degraded more at high SNR range with respect to low SNR range. 
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[bookmark: _Ref79090990]Figure 3 Throughput performance of PDSCH in the presence of MPR (dashead lines = no MPR, solid lines = MPR).

Figure 4 shows throughput performance of PDSCH with MPR specific repetition. As can be seen, the performance can be improved by introducing repetition for set of PRBs specifically being under MPR. It is worth noting that the result do not capture impact of power boost for repeated PRBs/blocks that are subset of the total SRS bandwidth. Hence, further performance improvement can be expected when enabling power boosting for MPR specifically repeated PRB/blocks. 
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[bookmark: _Ref79141044]Figure 4 Throughput performance of PDSCH with MPR specific repetition.
An another highly important aspect impacting the coverage of UL SRS is that different TX RF chains may have TX power imbalance to which UL SRS antenna ports are associated at a UE-side. Clearly, by having power imbalance between different UL SRS antenna ports will have significant impact to system performance, for example to DL CSI acquisition with UL SRS antenna switching. Therefore,  it is highly import to take into account these aspects while designing Rel-17 UL SRS. Especially, in Rel-17 UL SRS antenna-switching is extended from 4T4R to 4T8R. 
Figure 5 shows an example of throughput performance of PDSCH in the presence of power imbalance between different UL SRS antenna ports. Note that for example 2 x16 means that UE has 2 TX antennas and gNB 16 RX antennas. Additionally, for example, IB3 means second antenna ports has implementation loss of 3 dB with respect to first antenna port used as reference. As can be observed, power imbalance between different UL SRS antenna ports significantly degrades the throughput performance of PDSCH.
Observation 8: Power imbalance between different UL SRS antenna ports significantly degrades the throughput performance of PDSCH in Rel-17.
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[bookmark: _Ref79094684]Figure 5 Throughput performance of PDSCH in the presence of power imbalance between different UL SRS antenna ports with phase error. 
To avoid the impact of the power imbalance between different UL SRS antenna ports for DL or UL performance, RAN1 needs to study UL SRS transmission procedures in Rel-17 how to compensate/minimize the impact of power imbalance between different UL SRS antenna ports.
One approach to compensate power imbalance between UL SRS antenna ports is to enable UE to provide assistance information (e.g. antenna port specific power head room) for the network. By utilizing the assistance information, the network may reconfigure UL SRS resource configurations (e.g. changing comp-type). As a result of this, for example Tx power boosting can be applied for UL SRS transmission leading to enhanced coverage. 
Proposal 4: Support only RRC signaling for PF and Noffset and no any additional signaling needed for PF and Noffset .
Proposal 5: Support repetition of partial frequency sounding block specifically or symbol specific repetition factors for different symbols within one UL SRS resource.
Proposal 6: Support Rel-17 UL SRS resource configuration that enables the use of different size of SRS bandwidths for different symbols within one UL SRS resource.      

Proposal 7: RAN1 to study UL SRS transmission procedures and UE assistance information how to compensate the impact of power imbalance between different UL SRS antenna ports.  

2.3	Antenna Switching Enhancements
	Agreement
Support 4T6R SRS antenna switching in Rel-17.



In previous RAN1-106e meeting, it was agreed to support 4T6R UL SRS antenna switching configuration. However, the details of the actual resource configuration, i.e. number resource sets and number of resources remained open. Figure 6 shows an illustration of two possible resource configuration options for 4T6R. As can be seen, option A has one resource set with two different resources with 4-antenna ports enabling antenna-switching operation in one slot. Option B has two resource sets, where each resource with 4-antenna ports leading to the distribution of antenna switching operation across two different slots. From resource configuration perspective, both A and B options looks very similar to 4T8R. However, depending on UE transceiver architecture implementation, there can be also significant differences at UE-side how different SRS antenna ports are associated with different UE RX antenna ports across resources and sets (e.g. whether some antenna ports are cycled or not). In general, we should strive for antenna switching resource configuration options which would flexibly enable the use of different UE transceiver architecture implementations. Naturally, the network should have also understanding how different SRS antenna ports are associated with different RX antenna ports across resources and sets. Based on this discussion, we believe that at least both of options A and B as a package should be feasible candidates to define the details of antenna port associations for 4T6R antenna switching resource configuration. 
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[bookmark: _Ref83938789]Figure 6  Antenna switching resource configuration candidates for 4T6R.

Observation 9: Both of the following two options can seen as feasible candidates for 4T6R antenna switching resource configurations:
· Option A: one resource set with two different resources with 4-antenna ports enabling antenna-switching operation in one slot.
· Option B: two resource sets, where each resource with 4-antenna ports leading to the distribution of antenna switching operation across two different slots.

	Agreement 
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.




Based on the RAN1-104bis-e meeting agreements, it remained for further study whether increase the number of resource sets for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources. To enhance the utilization of flexible slots in conjunction with UL slots, it would be important to increase the number of aperiodic/semi-persistent/periodic resource sets for 1T4R. For aperiodic resource type, the total number of sets should be increased from two to four (N_max=4). When the total number of resource sets is increased to four, each resource set is configured with one resource with one antenna port. Then, by following previous meeting agreements, the maximum number of semi-persistent resource sets should be also increased to two with same conditions and the maximum number of periodic resource sets should remain the same as in Rel-15, i.e. one.  
Regarding to 1T2R antenna switching configuration, the total number of aperiodic resource sets should be increased from one to two (N_max=2). When the total number of resource sets is increased to two, each resource set is configured with one resource with one antenna port. Similarly, as in the case of 1T4R, the maximum number of semi-persistent resource sets should be also increased to two with same conditions and the maximum number of periodic resource sets should remain the same as in Rel-15, i.e. one.
Regarding to 2T4R, the total number of aperiodic resource sets should be increased from one to two (N_max=2). When the total number of resource sets is increased to two, each resource set is configured with one resource with two antenna port. Additionally, the maximum number of aperiodic resource sets should be increased from one to two (N_max=2). When the maximum number of resource sets is increased to two, each resource set is configured with one resource with one antenna port.
Observation 10: To enhance the flexibility of legacy antenna-switching configuration, new configurations are needed for 1T2R, 1T4R and 2T4R follows:
· 1T2R: 
· Aperiodic: N_max=2, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 1T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 2T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1

	Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed




In the previous RAN1-106e meeting, the presence of guard symbols in Rel-17 for antenna switching was discussed and one of the two alternatives was agreed to be down-selected. When following Rel-15 always on guard period principle, the use of new Rel-17 antenna switching configurations, e.g. 1T8R with 2 or 3 or 4 resource sets (at minimum two slots required), leads to a large resource overhead and latencies as well as reduced flexibility. Specifically, regarding resource overhead, 10 out of 14 symbols may not be able to be efficiently utilized because it is uncertain where the guard periods are exactly placed with the latest version of 38.214. Furthermore, as discussed in RAN4, the guard period may cause DL and/or UL interruption. 
The uncertain guard period location makes the situation even worse when a UE supporting CA and/or MR-DC uses SRS antenna switching since the interruption may impact on DL and/or UL for some other bands within the CA or MR-DC. Therefore, to address aforementioned aspects, it is beneficial to establish a mechanism to make a network know where the guard period(s) according to the UE capability is and allow network to configure SRS resources within a resource set as well as some other resources ,e.g., PDSCH to other bands in more efficient manner. Rel-15 specification, however, does not explicitly capture in which positioning guard symbols are located in time for resources within the resource set, as shown in example of 1T2R in Figure 7., leading to inefficient use of resources as well as ambiguity about the placement of guard symbols. Therefore, to improve efficiency of the system, it is beneficial to establish a mechanism to make a network know where the guard period(s) is with the assistance of the UE capability and allow network to configure SRS resources within a resource set as well as some other resources ,e.g., PDSCH to other bands in more efficient manner. Based on above discussion, from our perspective, Alt1-1 is preferred. 
Observation 11: To reduce both resource overhead and latencies as well as improve flexibility, it is benefical to configure guard period(s) within a resource set according to the UE capability.
Regarding issue on whether to introduce guard symbols between SRS resource sets for antenna switching, Rel-17 should follow Rel-15 principle and do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set. From our perspective, there is no need to introduce explicit guard periods between sets between consecutive slots. By introducing guard period between resource sets mapped to consecutive slots may limit the flexibility of the network operation because of reducing the number of symbols surely available by not impacted by guard period(s). Therefore, no additional specification efforts are needed regarding to introduce guard periods between the sets. Based on above discussion, from our point of view, Alt 2-0 is preferred.    
Observation 12: No need to introduce explicit guard periods between sets between consecutive slots and this should be left for the implementation of the network.
As discussed above, there is also a related discussion ongoing in RAN4 regarding to requirements for interruption with UL SRS antenna-switching. Based on this discussion, it would be good for RAN1 to provide further clarification on a resource configuration where UL SRS antenna-switching resources of resources are transmitted in non-consecutive symbols, shown in Figure 7. More specifically, current RAN1 specification does not define how UE should handle OFDM symbols including potential guard period(s) associated with UL SRS antenna switching configuration between non-consecutive UL SRS symbols. Based on this information, RAN4 can continue for defining requirements for aforementioned scenario.
Observation 13: It would be beneficial for RAN1 to clarify how UE should handle OFDM symbols including potential guard period(s) associated with UL SRS antenna switching configuration between non-consecutive UL SRS symbols. Based on this information, RAN4 can define requirements accordingly. 
[image: ]
[bookmark: _Ref79165095]Figure 7 UL SRS resources of a resource set are transmitted in non-consecutive symbols in the same slot.

Up to now, the discussion has been focused on different UL SRS antenna switching resource configurations. However, there has not been any discussion whether gNB can assume that UE uses same antenna ports and related virtualization for the transmission of UL SRS with antenna switching as for the reception of DMRS for PDSCH. If the UE uses different assumption on antenna ports and related virtualization for UL SRS the transmission than for the reception of DMRS, the demodulation performance of PDSCH can be significantly degraded. To enable optimized system performance, the gNB and the UE should have common understanding whether antenna ports and related virtualization for UL SRS transmission and DL DMRS reception have correspondence or not. It is worth noting by correspondence (valid on both FR1 and FR2) we do not refer to beam correspondence (valid only for FR2). According to our understanding, there is no 3GPP specification available where the antenna port correspondence between UL SRS antenna switching and DL DMRS is clearly defined. Therefore, to enable optimized system operation, a simple indication from the UE whether antenna port correspondence holds between UL SRS antenna switching and DL DMRS reception is needed. Based on above discussion, we propose to introduce simple indication (e.g. RRC) in Rel-17 whether antenna correspondence holds or not between UL SRS transmission and DL DMRS reception.  
   
Observation 14: To enable optimized system performance, the gNB and the UE should have a common understanding whether antenna ports and related virtualization for UL SRS antenna transmission and DL DMRS reception have correspondence or not.

Proposal 8:  Support both of the following two options of 4T6R antenna switching resource configurations:
· Option A: one resource set with two different resources with 4-antenna ports enabling antenna-switching operation in one slot.
· Option B: two resource sets, where each resource with 4-antenna ports leading to the distribution of antenna switching operation across two different slots.

Proposal 9: Support new configurations for 1T2R, 1T4R and 2T4R  aperiodic, semi-persistent and periodic resource configurations as follows:
· 1T2R: 
· Aperiodic: N_max=2, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 1T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 2T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1

Proposal 10: Support Alt 1-1: Guard symbols are configurable subject to UE capability.
Proposal 11: Support Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set. 
Proposal 12: RAN1 to clarify how UE should handle OFDM symbols including potential guard period(s) associated with UL SRS antenna switching configuration between non-consecutive UL SRS symbols.
Proposal 13: Support simple indication (e.g. RRC) in Rel-17 whether antenna correspondence holds or not between UL SRS transmission and DL DMRS reception. 
3	Conclusions
In the previous sections, the following observations and proposal have been made:

Observation1: It is beneficial to extend the number of DCI codepoints to support at least 7 aperiodic SRS triggering states for DCI format 0_1 without data and CSI.
Observation 2: Alt-2 (The maximum number of CSs for Comb-8 is 12)) is more feasible option compared with Alt-1 for Rel-17.

Observation 3: No need to introduce any additional signaling for PF and Noffset with respect to RRC signaling.
Observation 4: To avoid out-of-band emissions (i.e. inter-modulation interference) to neighboring radio systems within a band and provide extra band-specific robustness, RAN4 defines maximum allowed UL TX output power reduction requirements (i.e. MPR and A-MPR) that can severely limit the coverage of UL SRS.  
Observation 5: Due to MPR/A-MPR requirements, TX power imbalance is introduced across total UL SRS transmission bandwidth resulting degradation for coverage and quality of UL CSI/DL CSI, impacting to, e.g. DL MU-MIMO performance.  
Observation 6: Rel-17 SRS configuration for partial frequency sounding need to provide support for approach that enables to control flexibly UL TX power reduction for each UL SRS transmission occasion.

Observation 7: It would be beneficial to enable repetition of partial frequency sounding block specifically or symbol specific repetition factors for different symbols within one UL SRS resource.  
Observation 8: Power imbalance between different UL SRS antenna ports significantly degrades the throughput performance of PDSCH in Rel-17.
 Observation 9: Both of the following two options can seen as feasible candidates for 4T6R antenna switching resource configurations:
· Option A: one resource set with two different resources with 4-antenna ports enabling antenna-switching operation in one slot.
· Option B: two resource sets, where each resource with 4-antenna ports leading to the distribution of antenna switching operation across two different slots.

Observation 10: To enhance the flexibility of legacy antenna-switching configuration, new configurations are needed for 1T2R, 1T4R and 2T4R follows:
· 1T2R: 
· Aperiodic: N_max=2, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 1T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 2T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
 
Observation 11: To reduce both resource overhead and latencies as well as improve flexibility, it is benefical to configure guard period(s) within a resource set according to the UE capability.

Observation 12: No need to introduce explicit guard periods between sets between consecutive slots and this should be left for the implementation of the network. 
Observation 13: It would be beneficial for RAN1 to clarify how UE should handle OFDM symbols including potential guard period(s) associated with UL SRS antenna switching configuration between non-consecutive UL SRS symbols. Based on this information, RAN4 can define requirements accordingly. 
 Observation 14: To enable optimized system performance, the gNB and the UE should have a common understanding whether antenna ports and related virtualization for UL SRS antenna transmission and DL DMRS reception have correspondence or not. 

Proposal 1: Support to extend the number of DCI codepoints to support at least 7 aperiodic SRS triggering states for DCI format 0_1 without data and CSI.
Proposal 2: Support the following priority order between different UL SRS resource usage types (highest priority first in the list): antennaSwitching > codebook>noncodebook> >beamManagement. 

Proposal 3: Support Alt-2 (The maximum number of CSs for Comb-8 is 12) for Rel-17.
Proposal 4: Support only RRC signaling for PF and Noffset and no any additional signaling needed for PF and Noffset .
 Proposal 5: Support repetition of partial frequency sounding block specifically or symbol specific repetition factors for different symbols within one UL SRS resource. 
Proposal 6: Support Rel-17 UL SRS resource configuration that enables the use of different size of SRS bandwidths for different symbols within one UL SRS resource.       
Proposal 7: RAN1 to study UL SRS transmission procedures and UE assistance information how to compensate the impact of power imbalance between different UL SRS antenna ports.   
Proposal 8: Support both of the following two options of 4T6R antenna switching resource configurations:
· Option A: one resource set with two different resources with 4-antenna ports enabling antenna-switching operation in one slot.
· Option B: two resource sets, where each resource with 4-antenna ports leading to the distribution of antenna switching operation across two different slots.
 
Proposal 9: Support new configurations for 1T2R, 1T4R and 2T4R  aperiodic, semi-persistent and periodic resource configurations as follows:
· 1T2R: 
· Aperiodic: N_max=2, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 1T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1
· 2T4R: 
· Aperiodic: N_max=4, each set having one resource w/ one antenna port
· Semi-persistent: N_max=2
· Periodical: N_max=1

Proposal 10: Support Alt 1-1: Guard symbols are configurable subject to UE capability. 
Proposal 11: Support Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set.  
Proposal 12: RAN1 to clarify how UE should handle OFDM symbols including potential guard period(s) associated with UL SRS antenna switching configuration between non-consecutive UL SRS symbols.
 Proposal 13: Support simple indication (e.g. RRC) in Rel-17 whether antenna correspondence holds or not between UL SRS transmission and DL DMRS reception.  

4  References 
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5 Appendix: Simulation Parameters
	Carrier frequency
	3.5 GHz 

	Bandwidth
	40 MHz 

	Sub-carrier spacing
	30 kHz

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

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

	PDSCH Precoding

	Reciprocity Based SVD Wideband 
Feedback Based (Type I) Wideband

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

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

	Link adaptation
	link adaptation used in DL


	CSI periodicity
	5ms

	CSI-delay
	4ms

	Modulation and coding schemes
	256 QAM MCS table

	SRS Antenna Switching Scheme
	 2t2r

	SRS repetition
	1, 2, 4, 8 or 12

	SRS COMB
	2, 4 or 8

	TDD configuration
	DL: SDDD
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