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1. Introduction
In RAN1#103-e meeting, following agreements were made regarding study aspects on SRS enhancements [1].
	Agreement
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
· FFS whether updating candidate triggering offsets in MAC CE may be beneficial
Agreement
Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI 
Agreement
Candidate schemes for Class 2:
· Scheme 2-0: Increase the number of repetition symbols in one slot
· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
Candidate schemes for Class 3:
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding
· Scheme 3-3: Subband-level partial frequency sounding
· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource
· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling
· Note: Consider issues like gNB receiver complexity, PAPR, etc., with above schemes
· Note: Joint operation between Class 2 and Class 3 schemes can be considered
Agreement
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}


In this contribution, we discuss possible SRS enhancements focusing on aforementioned study aspects captured in agreements from RAN1#103-e meeting.
2. Flexible aperiodic SRS triggering
In order to enhance the triggering flexibility of aperiodic SRS (A-SRS), during RAN1#103-e meeting, it was agreed that when an A-SRS resource set is triggered using DCI, that A-SRS resource set should be transmitted from (t+1)-th available slot counting from a reference slot where parameter t is configured using DCI or RRC signaling. Note here that, there were no clear agreements on the definitions of reference slot and available slot. In particular, two options were proposed for identifying reference slot. They are; option 1) reference slot is the slot with the triggering DCI, and option 2) reference slot is the slot indicated by the legacy triggering offset. With the proposed option 2, since the reference slot is different from the slot with the triggering DCI, first UE has to align with the reference slot based on the configured legacy triggering offset. Afterwards, UE has to wait additional (t+1) slots from the reference slot for an available slot. On the other hand, the proposed option 1 does not have an intermediate reference slot and UE can directly look for an available slot on or after (t+1) slots from the slot with the triggering DCI. 
As per our view, option 2 does not bring any additional gains over option 1. In fact, option 2 reduces A-SRS triggering flexibility since it involves two steps as discussed previously while requiring additional signaling overheads, i.e., for configuring legacy triggering offset, compared to option 1. Hence, we think option 1 is a simple and a more flexible solution. Accordingly, we propose the following,  
Proposal 1:
· Support Opt. 1 which proposes ‘reference slot’ as the slot with the triggering DCI 
The main objective of introducing an available slot is to provide UE with some flexibility for identifying a slot for transmitting a triggered A-SRS resource set. In the current specification [2], there is no such flexibility in picking a slot for transmitting a triggered A-SRS resource set. With the introduction of the available slot, it is possible for the UE to identify a suitable slot on or after (t+1) slots from the reference slot for transmitting a triggered A-SRS resource set. This idea needs to be succinctly captured within the definition of available slot.    
2.1 Extending the UE specific DCI format(s) for more flexible aperiodic SRS triggering
During RAN1#103-e meeting it was agreed to support UE specific DCI formats, DCI 0_1 and 0_2 without uplink data and CSI, for A-SRS triggering. Note that, one of the main purposes of this enhancement is to effectively utilize available DCI fields within DCI formats 0_1 and 0_2 without uplink data and CSI, for more flexible A-SRS triggering.
If the higher layer signaling can only switch the UE behavior between the existing DCI with and without uplink-data and CSI, the usefulness of the extended DCI becomes very limited. Hence, we propose to consider dynamic switching. In particular, to enable dynamic switching, two options can be considered. They are, option 1) introduce a new RNTI, and option 2) use a special combination of the existing DCI field to indicate that this DCI is the extended DCI. In particular, with option 1, if the UE specific DCI is CRC scrambled using the new RNTI, this DCI is treated as the extended DCI without uplink-data and CSI. Otherwise, the DCI is the existing DCI with uplink-data and CSI. Further, with option 2, if the UE specific DCI has the special combination, this DCI is the extended DCI without uplink-data and CSI. Otherwise, the DCI is the existing DCI with uplink-data and CSI.
Aforementioned option 1 is illustrated in Fig. 2-1. As captured, the total DCI size between the existing DCI and the extended DCI is the same. However, more number of DCI bits can be allocated for the SRS request field in the extended DCI, which leads to more flexible SRS triggering. In particular, additional DCI bits within the SRS request field can be used for configuring proposed parameter t. Figure 2-2 illustrates the proposed option 2. Similar to option 1, the total DCI size between the existing DCI and the extended DCI is the same while more number of DCI bits can be allocated for the SRS request field in the extended DCI with option 2 as well. 
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Figure 2-1: Option 1 – Introduce a new RNTI to indicate the extended DCI
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Figure 2-2: Option 2 - Special combination of the existing DCI field indicates the extended DCI

Proposal 2:
· Support dynamic switching of the UE behavior between the extended UE specific DCI format(s) and the existing UE specific DCI format(s). Following options can be considered for the dynamic switching:
· Option 1: Introduce new RNTI to indicate the extended DCI. 
· If the UE specific DCI is CRC scrambled by the new RNTI, this DCI is the extended DCI format 0_1/0_2 without uplink-data/CSI. Otherwise, this DCI is the existing UE specific DCI with uplink-data/CSI.
· Option 2: Special combination of the existing DCI field to indicate the extended DCI. 
· If the UE specific DCI has the special combination in the existing DCI field, this DCI is the extended DCI format 0_1/0_2 without uplink-data/CSI. Otherwise, this DCI is the existing UE specific DCI with uplink-data/CSI



2.2 MAC CE for enhancing flexibility in aperiodic SRS triggering 
A-SRS is useful in practical networks which enables efficient UL resource utilization with SRS transmission. DCI code point of SRS request field can correspond to one or multiple SRS resource set(s). Further, DCI-level flexible indication of SRS resources is supported in Rel-15/16. However, we have observed following issues pertaining to the configuration of A-SRS:
· Some of the parameters (e.g. slotOffset) are RRC configured and hence, using MAC CE or DCI, they cannot be updated
· The number of configurable SRS resource sets for some SRS usages are limited, especially for usage set to ‘codebook’, ‘non-codebook’, and ‘antenna switching’
For example, if we look at slotOffset configured in a SRS resource set with usage set to ‘codebook’, only one SRS resource set can be configured. This is because, slotOffset is higher layer configured per SRS resource set and hence, can’t be modified using different DCI codepoints.
In order to improve the flexibility of triggering A-SRS, we propose it is better to involve MAC CE as well for configuring/triggering an A-SRS. In particular, following three alternatives, Alt.1, Alt. 2 and Alt. 3 illustrated in Fig. 2-3, 2-4, and 2-5, respectively, should be considered for triggering aperiodic SRS. 
Proposal 3:
· Introduce MAC CE to improve the flexibility for triggering aperiodic SRS, and following alternatives should be considered
· Alt.1) MAC CE activates/deactivates one or multiple SRS resource sets, and only active SRS resource set(s) can be triggered by SRS request field of DCI
· Alt.2) MAC CE updates the mapping b/w DCI codepoint of SRS request field and aperiodicSRS-ResourceTrigger
· Alt. 3) MAC CE updates specific parameter (e.g. slotOffset) in SRS resource sets/SRS resource directly
· For Alt. 1/2, the number of configurable SRS resource sets for a given usage is increased.
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Figure 2-3 Proposed Alt.1
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Figure 2-4 Proposed Alt.2
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Figure 2-5 Proposed Alt.3
3. SRS coverage and capacity enhancement
For SRS coverage and capacity enhancement, SRS time bundling, increased SRS repetition, partial sounding across frequency were identified as feasible solutions [3]. In this section, we capture our views on SRS partial frequency sounding and SRS time bundling for enhancing SRS coverage and capacity.
3.1 SRS partial frequency sounding for coverage and capacity enhancement
During RAN1#103-e meeting, it was agreed to further consider how SRS partial frequency can be employed to enhance SRS coverage and capacity [1]. In particular, compared to full-band frequency sounding, partial frequency sounding allows boosting the per-subcarrier power since the available transmit power is allocated to a smaller bandwidth partition. In addition, partial frequency sounding enhances SRS capacity as well since unused frequency resources can be assigned to other UEs.
Regarding how to achieve SRS partial frequency sounding, there were few schemes proposed during RAN1#103-e meeting. Out of those schemes, we slightly prefer scheme 3-1 which proposes RB-level partial frequency sounding. This is because, subcarrier-level partial frequency sounding with larger comb sizes, i.e., comb sizes of 8 or 16, may have an impact on SRS sequence orthogonality. Accordingly, we propose the following,    
Proposal 4:
· Support scheme 3-1 which proposes RB-level partial frequency sounding
In addition, we think CSI-RS assisted RB-level partial frequency sounding is also an important and interesting solution especially because that can allow NW to understand interference structure of the channel. However, details of such a scheme needs to be carefully discussed.
3.2  SRS time bundling for coverage enhancement
For SRS coverage enhancement, SRS time bundling was identified as one feasible solution in [3]. In this section, we discuss possible approaches for SRS time bundling. SRS time bundling can be broadly discussed under two approaches. They are, 1) intra-slot, and 2) inter-slot, time bundling. Further, it is possible to consider a combination of intra-slot and inter-slot time bundling which is useful especially at high mobility situations or at higher frequencies where the propagation channel gets outdated faster. With intra-slot time bundling, SRS resources fall within the same slot are bundled together for enhancing the SRS coverage. Note here that the NW has to indicate explicitly or implicitly, SRS resources/SRS resource sets which should be considered for any type of SRS time bundling.
Proposal 5:
· Consider explicit or implicit indication of SRS resources/SRS resource sets to be considered for time bundling. 
Further, it is worth remarking here that the time bundled SRS resources need to be assigned to the same SRS antenna port. Different time bundled SRS resources can be assigned with different SRS antenna ports for estimating channels associated with respective antenna ports.
Proposal 6:
· Time bundled SRS resources need to be assigned to the same SRS antenna port. Different time bundled SRS resources can be assigned to different SRS antenna ports.
[image: ]In Fig. 3-1, we have captured an example of inter-slot time bundling. In particular, 3 different bundle sizes are considered. Note that, the SRS bundle size 1 represents no-time bundling case. As can be observed, one or more SRS resource(s) from the same or different SRS resource sets occurring at different slots can be time-bundled together for estimating the channel associated with a particular antenna port. However, for properly configuring an inter-slot time bundle, as captured in Fig. 3-1, it is required to succinctly define the starting slot, the bundle size and optionally the separation of consecutive time bundled resources among other configurations.   








Figure 3-1: Inter-slot time bundling considering TDD slot format UDDD. Here, 3 different SRS bundle sizes, 1, 2, and 4 are captured 





Proposal 7:
· Consider how to configure parameters such as the starting slot, the bundle size and the separation of consecutive time bundled resources among other configurations for inter-slot time bundling.  
In Fig. 3-2, we have captured normalized MSE performance with intra-slot and inter-slot time bundling for two different UL SNR values, -10 dB and -15 dB and for two different UE speeds, 3 km/h and 30 km/h. As can be observed, better channel estimation performance can be obtained with larger SRS bundle sizes. Another interesting observation from Fig. 3-2 is that, even though higher speeds do not bother much for intra-slot time bundling performance, this can be an issue for inter-slot time bundling. In particular, channel estimation performance degrades compared to slow mobility situations, for larger SRS bundle sizes, i.e., bundle size = 4. This is because, at higher speeds, channel gets outdated much faster as a result of higher Doppler.   
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Figure 3-2: MSE performance for inter-slot and intra-slot time bundling. Here, UL SNRs: -10 dB, -15 dB and UE speeds: 3 km/h, 30 km/h 


Similarly, it can be understood that the channel estimation performance can be degraded for larger SRS bundle sizes at FR2 frequencies. As one feasible solution, we can consider smaller SRS bundle sizes at higher speeds and at FR2 frequencies. However, this may not provide satisfactory level of performance. Hence, a solution considering combined intra-slot and inter-slot time bundling can be considered as captured in Fig. 3-3. In that, two SRS resources fall within the same slot are time bundled (intra-slot) with another SRS resource occurring at a different slot (inter-slot). This way, the channel estimation can be accomplished much faster with satisfactory level of performance.  
Note that, it is also possible to time bundle SRS resource transmission(s) configured with symbol repetition together with an SRS resource transmission takes place at a different slot for estimating the channel associated with a particular antenna port.
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Figure 3-3: Combined intra-slot and inter-slot time bundling as a solution for rapidly varying channel conditions 


Proposal 8:
· Consider combined intra-slot and inter-slot SRS time bundling especially at high mobility situations or at higher frequencies where the propagation channel gets outdated faster. It is also possible to consider time bundling of SRS resource(s) with symbol repetition together with an SRS resource transmission(s) takes place at a different slot(s).
4. SRS configuration for multiple usages
For SRS overhead reduction, reusing same SRS resource(s) among multiple usages (especially between ‘codebook’ and ‘antennaswitching’) was identified as one viable solution. This type of resource(s) reuse between usages of ‘codebook’ and ‘antennaswitching’ is of special interest to Rel. 16 UE operating in Mode 2 for achieving uplink full power transmission. This is because, the main objective of configuring multiple SRS resources in Rel. 16 Mode 2 operation is for identifying number of antenna ports for PUSCH transmission (not for spatial filter selection as in Rel. 15). Subsequently, we discuss an example where SRS resource(s) are reused between usages of ‘codebook’ and ‘antennaswitching’ for 4T8R transceiver architecture.
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Figure 4-1: Example of SRS resource reuse between usages ‘codebook’ and ‘antennaswitching’ for 4T8R transceiver architecture. Here, resource set 1 is configured with usage set to ‘codebook’ for Rel. 16 Mode 2 operation whereas resource set 2 is configured for ‘antennaswitching’. Different colors within an SRS resource correspond to different ports



As shown in Fig. 4-1, SRS resource set 1 (consisting of 3 resources) with usage set to ‘codebook’ is assigned to a Rel. 16 UE operating in Mode 2. Note here that, SRS resource 1, resource 2 and resource 3 in set 1 are configured with 1, 2 and 4 ports, respectively. Further, SRS resource set 2 with usage set to ‘antennaswitching’ and having two 4 port SRS resources is configured to the same UE. Note here that, as shown in the Fig. 4-1, one SRS resource with 4 ports is configured to reuse between two SRS resource sets. By triggering both SRS resource sets simultaneously, NW now can acquire DL CSI for 4T8R transceiver architecture while determining number of antenna ports for PUSCH transmission as well. In case, if NW decides and indicates 4 port SRS resource using SRI, the 4 ports used for SRS resource 3 transmission should be considered for PUSCH transmission.
Proposal 9:
· Consider configuring SRS resource(s) reuse between SRS resource sets with usage set to ‘codebook’ for Rel. 16 Mode 2 operation with usage set to ‘antennaswitching’. 
5. SRS switching for DL CSI acquisition with up to 8 Rx antenna ports
As per WID for MIMO enhancements in Rel. 17 [3], it was identified to support antenna switching for DL channel state information (CSI) acquisition for up to 8 Rx ports, as part of SRS enhancements. In particular, during RAN1 #103-e meeting following new transceiver architectures, 1T6R, 1T8R, 2T6R, 2T8R, and 4T8R were agreed to support for antenna switching while 4T6R architecture was left for further study [1]. In this section, we discuss in detail how SRS resource configuration can be done for DL CSI acquisition with antenna switching for those new transceiver architectures. 
First of all, we propose to update UE capability indication parameter, supportedSRS-TxPortSwitch as follows to support agreed transceiver architectures: 
Proposal 10:
· Following new capability indications should be supported by the parameter, supportedSRS-TxPortSwitch to capture new transceiver architectures supported with SRS antenna switching
· 't1r6' for 1T6R
· ‘t2r6' for 2T6R
· 't1r1-t1r2-t1r4-t1r6’ for 1T=1R/1T2R/1T4R/1T6R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R
· ‘t1r6-t2r6' for 1T6R/2T6R
· ‘t1r8' for 1T8R
· ‘t2r8' for 2T8R
· 't1r1-t1r2-t1r4-t1r6-t1r8’ for 1T=1R/1T2R/1T4R/1T6R/1T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t1r8-t2r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/1T8R/2T8R
· ‘t1r8-t2r8' for 1T8R/2T8R
· ‘t4r6' for 4T6R
· ‘t4r8' for 4T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t4r6-t1r8-t2r8-t4r8' for               			1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/4T6R/1T8R/2T8R/4T8R
Next, we discuss how SRS resource configuration can be done for DL CSI acquisition with newly proposed 2T6R, 4T6R and 4T8R transceiver architectures. 
5.1 DL CSI acquisition with 2T6R transceiver architecture
DL CSI acquisition for 2T6R transceiver architecture with SRS antenna switching can be achieved within a single slot. In Fig. 5-1, we have captured one possible SRS resource configuration for DL CSI acquisition with 2T6R transceiver architecture. In that, an SRS resource set with 3 SRS resources each having 2 ports is considered. 
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Figure 5-1 (a) An SRS resource set with 3 SRS resources each having 2 ports (different colors within an SRS resource correspond to different ports), (b) Each Rx antenna port is associated uniquely to an SRS port   
Based on this, we make the following proposal for SRS resource configuration for DL CSI acquisition with 2T6R transceiver architecture.
Proposal 11:
· For DL CSI acquisition with 2T6R, consider SRS resource set(s) having 3 SRS resources transmitted in different symbols and each SRS resource in a set consists of two SRS ports. Further, the SRS port pair of one resource is associated with a different UE antenna port pair than the SRS port pair of other resources.
5.2 DL CSI acquisition with 4T6R transceiver architecture
During RAN1#103-e meeting, it was extensively discussed whether to support 4T6R transceiver architecture. As per our view, supporting 4T6R is important for providing more flexibility and options for UE implementation. Even though the actual implementation of it is up to the chipset vendor, we do not think it is insightful to refrain such an implementation from the specification perspective.     
Regarding SRS resource configuration for DL CSI acquisition with 4T6R transceiver architecture, it is possible to consider multiple approaches. In particular, in Fig. 5-2, we have captured one possible SRS resource configuration for DL CSI acquisition with 4T6R transceiver architecture. In that, an SRS resource set with 2 SRS resources each having 4 ports is considered. 
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Figure 5-2 (a) An SRS resource set with 2 SRS resources each having 4 ports (different colors within an SRS resource correspond to different ports), (b) Each Rx antenna port is associated uniquely to an SRS port   
In addition, it is also possible to configure an SRS resource set with two SRS resources where one of the SRS resources having 4 ports and the other one having 2 ports. Based on this, we make the following proposal for SRS resource configuration for DL CSI acquisition with 4T6R transceiver architecture.
Proposal 12:
· For DL CSI acquisition with 4T6R, consider SRS resource set(s) having 2 SRS resources transmitted in different symbols and each SRS resource in a set consists of 4 SRS ports or one SRS resource consists of 4 ports and the other one consists of 2 ports. Further, each SRS port of a given resource is associated with a unique UE antenna port. 
Next, we look at SRS resource allocation for DL CSI acquisition with 4T8R transceiver architecture.
5.3 DL CSI acquisition with 4T8R transceiver architecture
[image: ]As discussed previously for 2T6R and 4T6R transceiver architectures, DL CSI acquisition for 4T8R transceiver architecture with SRS antenna switching can be achieved within a single slot. In Fig. 5-3, we have captured a possible SRS resource configuration for DL CSI acquisition with 2T6R transceiver architecture. In that, an SRS resource set with 2 SRS resources each having 4 ports is considered. 
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Figure 5-3 (a) An SRS resource set with 2 SRS resources each having 4 ports (different colors within an SRS resource correspond to different ports), (b) Each Rx antenna port is associated uniquely to an SRS port   
Based on this, we make the following proposal for SRS resource allocation for DL CSI acquisition with 4T8R transceiver architecture.
Proposal 13:
· For DL CSI acquisition with 4T8R, consider SRS resource set(s) having 2 SRS resources transmitted in different symbols and each SRS resource in a set consists of 4 SRS ports. Further, each SRS port of a given resource is associated with a unique UE antenna port. 
It is worth remarking here that, in order to reduce time associated with DL CSI acquisition (especially when there are multiple slots involved) considering SRS antenna switching, it is better to support zero-symbol gap SRS resource configuration. This can be useful for those capable UEs which can handle zero-symbol gap antenna switching. UE can report whether it can support zero-symbol gap antenna switching as part of its capability reporting. NW can then configure zero-symbol gap SRS resources only to those capable UEs.   
  
6. Summary
In this contribution, we have discussed possible approaches for enhancing SRS transmission in NR Rel. 17. Based on the discussion, we have made following proposals.
Proposal 1:
· Support Opt. 1 which proposes ‘reference slot’ as the slot with the triggering DCI 

Proposal 2:
· Support dynamic switching the UE behavior between the extended UE specific DCI and the existing UE specific DCI format(s). Following options can be considered for the dynamic switching:
· Option 1: Introduce new RNTI to indicate the extended DCI. 
· If the UE specific DCI is CRC scrambled by the new RNTI, this DCI is the extended DCI format 0_1/0_2 without uplink-data/CSI. Otherwise, this DCI is the existing UE specific DCI with uplink-data/CSI.
· Option 2: Special combination of the existing DCI field to indicate the extended DCI. 
· If the UE specific DCI has the special combination in the existing DCI field, this DCI is the extended DCI format 0_1/0_2 without uplink-data/CSI. Otherwise, this DCI is the existing UE specific DCI with uplink-data/CSI

Proposal 3:
· Introduce MAC CE to improve the flexibility for triggering aperiodic SRS, and following alternatives should be considered
· Alt.1) MAC CE activates/deactivates one or multiple SRS resource sets, and only active SRS resource set(s) can be triggered by SRS request field of DCI
· Alt.2) MAC CE updates the mapping b/w DCI codepoint of SRS request field and aperiodicSRS-ResourceTrigger
· Alt. 3) MAC CE updates specific parameter (e.g. slotOffset) in SRS resource sets/SRS resource directly
· For Alt. 1/2, the number of configurable SRS resource sets for a given usage is increased.
Proposal 4:
· Support scheme 3-1 which proposes RB-level partial frequency sounding

Proposal 5:
· Consider explicit or implicit indication of SRS resources/SRS resource sets to be considered for time bundling. 

Proposal 6:
· Time bundled SRS resources need to be assigned to the same SRS antenna port. Different time bundled SRS resources can be assigned to different SRS antenna ports.


Proposal 7:
· Consider how to configure parameters such as the starting slot, the bundle size and the separation of consecutive time bundled resources among other configurations for inter-slot time bundling.  
Proposal 8:
· Consider combined intra-slot and inter-slot SRS time bundling especially at high mobility situations or at higher frequencies where the propagation channel gets outdated faster. It is also possible to consider time bundling of SRS resource(s) with symbol repetition together with an SRS resource transmission(s) takes place at a different slot(s).

Proposal 9:
· Consider configuring SRS resource(s) reuse between SRS resource sets with usage set to ‘codebook’ for Rel. 16 Mode 2 operation with usage set to ‘antennaswitching’. 

Proposal 10:
· Following new capability indications should be supported by the parameter, supportedSRS-TxPortSwitch to capture new transceiver architectures supported with SRS antenna switching
· 't1r6' for 1T6R
· ‘t2r6' for 2T6R
· 't1r1-t1r2-t1r4-t1r6’ for 1T=1R/1T2R/1T4R/1T6R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R
· ‘t1r6-t2r6' for 1T6R/2T6R
· ‘t1r8' for 1T8R
· ‘t2r8' for 2T8R
· 't1r1-t1r2-t1r4-t1r6-t1r8’ for 1T=1R/1T2R/1T4R/1T6R/1T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t1r8-t2r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/1T8R/2T8R
· ‘t1r8-t2r8' for 1T8R/2T8R
· ‘t4r6' for 4T6R
· ‘t4r8' for 4T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t4r6-t1r8-t2r8-t4r8' for               			1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/4T6R/1T8R/2T8R/4T8R
Proposal 11:
· For DL CSI acquisition with 2T6R, consider SRS resource set(s) having 3 SRS resources transmitted in different symbols and each SRS resource in a set consists of two SRS ports. Further, the SRS port pair of one resource is associated with a different UE antenna port pair than the SRS port pair of other resources.
Proposal 12:
· For DL CSI acquisition with 4T6R, consider SRS resource set(s) having 2 SRS resources transmitted in different symbols and each SRS resource in a set consists of 4 SRS ports or one SRS resource consists of 4 ports and the other one consists of 2 ports. Further, each SRS port of a given resource is associated with a unique UE antenna port. 


[bookmark: _GoBack]Proposal 13:
· For DL CSI acquisition with 4T8R, consider SRS resource set(s) having 2 SRS resources transmitted in different symbols and each SRS resource in a set consists of 4 SRS ports. Further, each SRS port of a given resource is associated with a unique UE antenna port. 
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Appendix
Table A-1 Simulation assumptions for SRS time-bunding evaluations
	Metric
	Normalized MSE

	Carrier frequency, SCS, System BW
	FR1: 4GHz, 30kHz, 20, MHz

	Channel model
	CDL-C in TR 38.901 with 300ns delay spread as baseline

	UE speed
	3km/h, 30km/h

	Number of UE antennas 
	1T1R

	Number of gNB antennas
	32T32R

	UE antenna configuration
	FR1: omni as baseline

	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 
	TDD configuration: UDDD

	SRS Comb
	Comb 2

	SRS frequency hopping
	No

	UL SNR
	-15 dB, -10 dB
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