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1. Introduction
In RAN#86 meeting the work item on enhanced MIMO support was agreed for Rel-17 [6]. The objective includes enhancements for SRS transmissions including overhead reduction, improvement in the SRS triggering flexibility, support of antenna switching and increasing SRS capacity/coverage. 
	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 provide our views on the corresponding SRS enhancements for Rel-17.
2. Discussion on SRS enhancements for Rel-17
2.1 SRS triggering flexibility
2.1.1 Aperiodic SRS triggering in carrier aggregation
In NR Rel-16, the UE can be configured with one or more SRS resource sets, wherein each is comprising of one or more SRS resources. Each SRS resource set configuration includes parameter of ‘resourceType’ indicating the type of SRS resource set, which can be set to ‘aperiodic’, ‘periodic’ or ‘semi-persistent’. When SRS resource set is configured as ‘aperiodic’, the SRS resource set also includes configuration of slot offset (slotOffset) and trigger state(s) (aperiodicSRS-ResourceTrigger, aperiodicSRS-ResourceTriggerList). The slotOffset defines the slot offset relative to PDCCH where SRS transmission should be commenced. The triggering state(s) defined which DCI codepoint(s) triggers the corresponding SRS resource set transmission. The slot offset is common for all SRS resources in the SRS resource set since it is defined at SRS resource set level.
In the scenario of carrier aggregation, SRS trigger state is the same irrespective of the serving cell where the corresponding DCI triggering SRS is being transmitted. In other words, the same SRS resource set(s) and associated SRS parameters (e.g., slotOffset) are triggered by the same DCI code point irrespective of the serving cell (see Figure 1a).


[bookmark: _Ref30534862]Figure 1 Example of aperiodic SRS triggering
In order to improve flexibility of SRS triggering, CC-specific aperiodic SRS triggering could be introduced. For example, if aperiodic SRS is triggered from CC #1 with SRS request field in DCI set to ‘01’, then SRS resource set ‘m’ is triggered. If aperiodic SRS is triggered from CC #2 with the same SRS request field in DCI set to ‘01’, then the other SRS resource set ‘n’ is triggered. In addition, the slotOffset for the same SRS resource set could also be configured to be CC-specific. Figure 1b illustrates an example of the operation.
Proposal 1:
· RAN1 to consider the CC-specific aperiodic SRS triggering to improve flexibility of aperiodic SRS transmission in carrier aggregation.
2.1.2 Aperiodic SRS triggering in multi-TRP
In multi-TRP operation, especially with multi-DCI, the SRS trigger state is the same irrespective which TRP sends DCI to trigger the SRS. Due to the non-ideal backhaul characteristics, it is possible that both TRPs trigger the same SRS resource set which leads to collision.
Therefore, the TRP specific aperiodic SRS triggering could be defined. The same code point of SRS Request field could trigger different SRS resource set by different TRPs.
Another solution is to introduce multiple SRS resource sets for the same usage in the scenario of multi-TRP operation. The SRS resource set is associated with different TRPs. When one TRP triggers aperiodic SRS, it only triggers the associated SRS resource set.
Proposal 2:
· RAN1 to consider the TRP-specific aperiodic SRS triggering in the scenario of multi-TRP operation.
2.1.3 Postponed aperiodic SRS transmission
When aperiodic SRS is triggered, the UE should send aperiodic SRS after receiving DCI according to the slotOffset defined by RRC. However, in some cases, the UE might not be able to send the SRS signal in the indicated slots due to lack of the available resource. For example, if the indicated slot is a DL slot, i.e. the slot is used for downlink transmission, then the UE is not able to perform SRS transmission and the triggered aperiodic SRS should be cancelled. Figure 2 illustrates the issue in more detail. Due to semi-static configuration of SRS slot offset on SRS resource set level and limited number of SRS triggering fields, there is significant restriction on the DL slot where the corresponding SRS resource set can be triggered by gNB that typically results in the PDCCH resource congestion in the specific DL slots.


[bookmark: _Ref30535745]Figure 2 Issue on existing aperiodic SRS triggering and transmission
One possible solution to relax the corresponding restriction is to allows triggering of the aperiodic SRS even when the indicated slot is not available for aperiodic SRS transmission, e.g., due to collision with DL allocation or other higher priority UL transmission from the same UE (e.g., PUCCH). 
In this case the aperiodic SRS transmission is postponed until next available UL resources. In order to reduce UE implementation complexity associated with buffering of the multiple postponed SRS requests, UE should commence SRS transmission only for the most recent triggered SRS, which also provide efficient mechanism of overriding the queued SRS transmission at the UE. Moreover, the validity period of SRS can be also defined to be certain number of slots wrt to triggering DCI. 
Proposal 3:
· RAN1 to consider postponed aperiodic SRS transmission if there is no available resource for SRS transmission in the indicated slot.
2.1.4 Triggering of the subset of SRS resource sets
NR supports multiple SRS resource sets for various purposes. For example, two SRS resource sets can be used to support SRS for antenna switching. These two SRS resource sets are configured with the same trigger state, thus the two aperiodic SRS resource sets could be triggered via single DCI. However, this operation may put some restriction on the aperiodic SRS triggering for antenna switching, especially when the number of Rx antennas is extended to 8 or TDD system with frequent DL/UL slot cycling [7]. Moreover, in TDD system, more slots may be configured for downlink transmission due to asymmetric traffic profile. The UE may need to feedback ACK/NACK over PUCCH frequently which can lead to uplink slots congestion for SRS. Thus, to simultaneously trigger two aperiodic SRS resource sets over two uplink slots may collide with PUCCH transmission with higher probability. In order to reduce the collision probability, NR should support more flexible triggering of the SRS resource set subset that would allow more efficient management of the SRS resources in the scenarios with limited UL transmission capabilities. 
Proposal 4:
· RAN1 to consider more flexible SRS triggering for subset of SRS resource set(s) configured for antenna switching
2.1.5 Joint triggering of SRS and CSI-RS for BM
NR supports joint triggering of CSI-RS and SRS by the same DCI for NCB uplink MIMO. The above principles should be extended to other SRS transmissions. More specifically, SRS resource set configured for ‘beamManagement’ may include NZP CSI-RS as source reference signal in the spatial relation info. If the configured NZP CSI-RS resource corresponds to NZP CSI-RS resource set with repetition ‘on’, UE can perform Rx beam refinement on the corresponding NZP CSI-RS resources before associated SRS transmission with the refined Tx beam. Figure 3 illustrates an example of joint triggering of CSI-RS and SRS.


[bookmark: _Ref31574392]Figure 3 Example of joint triggering of CSI-RS and SRS for beam management
To reduce signaling overhead associated with aperiodic CSI-RS triggering and aperiodic SRS triggering, joint triggering of SRS for beam management and CSI-RS resource set should be considered, which can be supported by either SRS resource field or aperiodic CSI request field also triggering aperiodic CSI-RS.
Proposal 5:
· RAN1 to discuss joint triggering of SRS and CSI-RS for beam management
2.2 Antenna switching for up to 8 antennas
2.2.1 SRS antenna switching in Rel-15/Rel-16
Antenna switching is important feature in 5G NR that can be used to obtain CSI information for DL precoder calculation in the TDD system with reciprocity-based operation. If the UE has less Tx chains than Rx chains, a guard period is necessary for the UE to switch from one RF chain to another one. 
In NR Rel‑15 and Rel-16, sounding from up to 4 antennas are supported. The guard period could be one or two OFDM symbols, depending on the subcarrier spacing. Table 1 shows the summary on the SRS configuration for antenna switching supported in Rel-16 (note that downgraded xTyR combinations are not provided for sake of simplicity).
[bookmark: _Ref30515798]Table 1 SRS configuration for antenna switching with xTyR in Rel-16
	xTyR
	# of SRS resource sets
	# of SRS resources per set
	# of SRS ports per resource
	Mapping with UE antenna port

	1T2R
	Up to 2 SRS resource sets with different resourceType
	2 
	1 port
	The SRS port of each resource associated with different UE antenna port

	2T4R
	Up to 2 SRS resource sets with different resourceType
	2 
	2 ports
	The SRS port pair of each resource associated with different UE antenna port pair

	1T4R
	0 or 1 SRS resource set configured as ‘periodic’ or ‘semi-persistent’
	4 
	1 port
	The SRS port of each resource associated with different UE antenna port

	
	0 or 2 SRS resource sets configured as ‘aperiodic’
	2 + 2 or 1 + 3
	1 port
	The SRS port of each resource associated with different UE antenna port


Figure 4 further illustrates the operation of antenna switching for 1T4R. In the example two aperiodic SRS resource sets are configured and each set consists of two SRS resources. Each SRS resource is single SRS port and associated with different UE antenna port. In total four SRS resources should be sent by the UE in two slots. It can be seen that the guard period is required to perform the antenna switching.


[bookmark: _Ref30516271]Figure 4 Example of SRS for antenna switching with 1T4R in Rel-16
Observation 1:
· In Rel-16, for antenna switching, the UE can be configured with at most two aperiodic SRS resource sets. Guard period is required to perform antenna switching for xTyR, if x < y.
2.2.2 Extension to up to 8 antennas
2.2.2.1 Performance of SRS antenna switching with 8 Rx
In Rel-17 eMIMO WI, one objective for SRS enhancement is to extend the antenna switching for UE with up to 8 antennas, e.g., xTyR, x = {1, 2, 4} and y = {6, 8}. Compared with 4Rx form Rel-15, support of SRS switching over 8 antennas would require doubled number of SRS resources. 
In order to evaluate PDSCH performance for 8Rx capable UE, a system-level simulation was performed. In evaluations multi-user transmission scheme was used due to its sensitivity to the accuracy of CSI. In the simulations SRS transmission for 8 Rx capable UE was performed from subset of antennas for SRS configuration of ‘4T4R’ and all antenna for ‘4T8R’ SRS configuration. 
Two mapping schemes of SRS antenna ports to UE physical antennas for ‘4T4R’ SRS configuration were considered. In the first configuration (denoted as 4T4R “near” pairs), the SRS antenna ports were transmitted from the near pairs of cross-polarized antennas of the UE, while for the second configuration (denoted as 4T4R “far” pairs) the SRS antenna posts were mapped to the far pairs of the cross-polarized antennas of the UE. Full buffer traffic model and perfect channel estimation on SRS were assumed in the simulations, so that the provided results can be considered as un upper bound of ‘4T8R’ performance. The throughput performance is shown as Figure 5 and the simulation assumption can be found in Appendix-A.

[image: ]
[bookmark: _Ref30518206]Figure 5 UE throughput performance for MU-MIMO under different ‘xTyR’ configurations
The performance results are also summarized in Table 2. It can be seen that the advantage of SRS transmission from all UE antennas (i.e., 8Rx) is negligible relative to SRS transmission from subset of the antennas (i.e., 4Rx).
[bookmark: _Ref30783373]Table 2 Summary of UE throughput performance
	
	4T4R,
far pairs
	4T4R,
near pairs
	4T8R

	UE SE (b/s/Hz)
	Average
	1.30
	1.30 (0%)
	1.37 (5%)

	
	5% of CDF
	0.54
	0.54 (0%)
	0.58 (6%)

	
	50% of CDF
	1.14
	1.14 (0%)
	1.22 (7%)

	
	95% of CDF
	2.59
	2.55 (-1%)
	2.65 (2%)


The lack of clear gains in ideal conditions and doubled SRS overhead for ‘4T8R’ relative to ‘4T4R’ SRS configuration questioning the need of the corresponding SRS enhancement. Therefore, it seems necessarily to support some SRS overhead reduction schemes for xT8R configuration to minimize the negative impact due to corresponding SRS configurations.
Observation 2:
· From the system-level simulation, the performance gain of 4T8R over 4T4R is not significant while the SRS overhead is doubled.
2.2.2.1 SRS antenna switching architecture
In order to support SRS antenna switching with up to 8 antennas, some details should be discussed. One of the open issues is the actual UE antenna architecture to be supported for antenna switching. With the number of antennas given in the objective of the work item, i.e., xTyR, x = {1, 2, 4} and y = {6, 8}, the newly introduced UE antenna architecture could be but not limited to:
· 1T6R, 2T6R, 4T6R
· 1T8R, 2T8R, 4T8R
It should be identified by RAN1 whether all these architectures should be supported in Rel-17 or a subset is enough. From simulation result, the performance gains are not significant to justify specification of the large number of cases.
In addition, for the same xTyR, there could be different implementations of the antenna switching at the UE side. In particular some of the transmission path(s) may not have switching capability as illustrated in Figure 6a, while in other implementation option the antenna switching may be more flexible as illustrated in Figure 6b.


[bookmark: _Ref30521562]Figure 6 Illustration of antenna switching architectures for 2T6R
Proposal 6:
· RAN1 to identify the UE antenna switching architecture to be supported for SRS in Rel‑17
2.2.2.1 SRS configurations for up to 8 Rx
In Rel-15 and Rel-16, the SRS can be transmitted over the last 6 OFDM symbols within one slot. In Rel-16, if the SRS is configured for positioning, the SRS can be transmitted anywhere within the slot. In order to support antenna switching with up to 8 Rx antennas, the time domain resource, i.e. 6 OFDM symbols, seems to be limited. For example, for 1T8R, considering 120KHz subcarrier spacing which requires two OFDM symbols as guard period, only two resources can be configured within one slot. In this case, four SRS resource sets are required, and each set consists of two SRS resources. More number of SRS resource sets can lead to scheduling complexity.
Observation 3:
· The OFDM symbols used for SRS transmission is limited for antenna switching with up to 8 Rx antennas.
Proposal 7:
· RAN1 to discuss which OFDM symbols within one slot can be used for SRS transmission.
The other issue of supporting SRS antenna switching over more than 4 antennas is the required number of SRS resource sets, SRS resources and SRS antenna port for a given xTyR configuration. For example, for 2T8R, one solution is to configure one aperiodic SRS resource set which consists of four SRS resources, and each SRS resource consists of two SRS ports. The other solution is to configure two aperiodic SRS resource sets, each resource set consists of two SRS resources, and each SRS resource consists of two SRS ports. Figure 7 and Figure 8 shows the examples of the operation. Note the assumption is SRS could be transmitted anywhere within one slot.


[bookmark: _Ref30522623]Figure 7 Example of SRS configuration for antenna switching for 2T8R (one SRS resource set)


[bookmark: _Ref30522628]Figure 8 Example of SRS configuration for antenna switching for 2T8R (two SRS resource sets)
Table 3 summarizes the possible aperiodic SRS configurations for antenna switching for various xTyR, assuming SRS can be transmitted anywhere within the slot. As mentioned in Section 2.1.4, with multiple aperiodic SRS resource sets, it may put extra restriction on the scheduling. However, less guard period is required for multiple SRS resource sets compared with only one SRS resource set. 
[bookmark: _Ref30784566]Table 3 Summary of the possible aperiodic SRS configurations for antenna switching
	xTyR
	# of SRS resource sets
	# of SRS resources per set
	# of SRS ports per resource
	# of total slots

	1T8R
	2
	4 + 4
3 + 5
2 + 6 (n/a for 120KHz SCS)
1 + 7 (n/a for 120KHz SCS)
	1
	2

	
	4
	2 + 2 + 2 + 2
1 + 1 + 3 + 3
	1
	4

	2T8R
	1
	4
	2
	1

	
	2
	2 + 2
1 + 3
	2
	2

	
	4
	1 + 1 + 1 + 1
	2
	4

	4T8R
	1
	2
	4
	1

	
	2
	1 + 1
	4
	2

	1T6R
	1
	6 (n/a for 120KHz SCS)
	1
	1

	
	2
	3 + 3
1 + 2
	1
	2

	
	3
	2 + 2 + 2
1 + 1 + 4
	1
	3

	2T6R
	1
	3
	2
	1

	
	2
	1 + 2
	2
	2

	
	3
	1 + 1 + 1
	2
	3

	4T6R
	1
	2
	4 + 2
	1

	
	2
	1 + 1
	4 + 2
	2


Proposal 8:
· RAN1 to discuss SRS resource sets configuration for SRS with antenna switching up to 8 antennas
2.3 SRS capacity/coverage enhancement
As described with Observation 3 and Proposal 6 in Section 2.2.2, the time domain resource is limited for SRS transmission. In order to increase SRS capacity, in time domain, the number of OFDM symbols which can be used for SRS transmission should be increased.
2.3.1 SRS time bundling
With repetition, the SRS coverage can be improved because the gNB can perform joint channel estimation over multiple symbols. However, the SRS capacity is reduced with repetition. In order to increase the SRS capacity, one option is that SRS repetition could be extended to multiple slots. Figure 9 shows the consecutive SRS repetitions across slots. Figure 10 shows an example of non-consecutive SRS repetitions across slots.


[bookmark: _Ref31618228]Figure 9 Example of consecutive SRS repetition across slots


[bookmark: _Ref46998279]Figure 10 Example of non-consecutive SRS repetition across slots
However, with non-consecutive SRS repetitions across slots, one issue is that if there is other uplink transmission between SRS in different slots, the UE may not be able to maintain phase coherence. There is amplitude and phase discontinuity introduced by other uplink transmission that are performed using different Tx power setting.
Proposal 9:
· RAN1 to discuss SRS repetition across slots in Rel-17 considering phase and amplitude discontinuity introduced by other uplink transmissions.
2.3.2 TD-OCC for SRS
Another option to increase SRS capacity in time domain is to introduce TD-OCC for SRS repetition. With TD-OCC, multiple SRS resources can be transmitted over the OFDM symbols for SRS. Figure 10 shows example on TD-OCC for SRS transmission.


[bookmark: _Ref31615930]Figure 11 TD-OCC for SRS
Proposal 10:
· RAN1 to consider TD-OCC for increased SRS repetitions to increase SRS capacity
2.3.3 SRS repetition
With repetition, the SRS coverage can be improved because the gNB can perform joint channel estimation over multiple symbols. In NR, the supported repetition factor for SRS could be . While in LTE, the repetition factor for SRS has been extended as . Thus, we suggest the repetition factor for SRS should be increased in Rel-17.
In Rel-16, the number of adjacent OFDM symbols occupied by SRS resource is  if the SRS is not used for positioning. If the SRS is for positioning, the number of adjacent OFDM symbols for SRS could be . With the increment of SRS repetition factor, the number of consecutive OFDM symbols for SRS should be also extended.
Proposal 11:
· RAN1 to consider increasing SRS repetition for coverage enhancement
2.3.4 SRS partial sounding
In NR, BWP can be configured to reduce the UE power consumption. Since the traffic loading can be different for DL and UL, NR supports independent BWP configuration for DL and UL, i.e. the DL BWP and UL BWP may not be fully aligned in the frequency domain. The DL BWP and UL BWP may be separated apart from each other, or partially overlapped. In this case, with the existing framework for SRS antenna switching, gNB can’t get the full channel information of the DL BWP. Figure 11 illustrates the issue in more details.


[bookmark: _Ref31623446]Figure 12 Illustration of not aligned DL BWP and UL BWP for antenna switching
In order to address this issue, for antenna switching, the SRS transmission which is outside of UL BWP should be allowed without explicit BWP switching command.
Proposal 12:
· RAN1 to consider SRS sounding if DL BWP and UL BWP are not aligned.
3. Conclusion
In conclusion, we have the following observations and proposals to discuss SRS enhancements in Rel-17.
Observation 1:
· In Rel-16, for antenna switching, the UE can be configured with at most two aperiodic SRS resource sets. Guard period is required to perform antenna switching for xTyR, if x < y.
Observation 2:
· From the system-level simulation, the performance gain of 4T8R over 4T4R is not significant while the SRS overhead is doubled.
Observation 3:
· The OFDM symbols used for SRS transmission is limited for antenna switching with up to 8 Rx antennas.
Proposal 1:
· RAN1 to consider the CC-specific aperiodic SRS triggering to improve flexibility of aperiodic SRS transmission in carrier aggregation.
Proposal 2:
· RAN1 to consider the TRP-specific aperiodic SRS triggering in the scenario of multi-TRP operation.
Proposal 3:
· RAN1 to consider postponed aperiodic SRS transmission if there is no available resource for SRS transmission in the indicated slot.
Proposal 4:
· RAN1 to consider more flexible SRS triggering for subset of SRS resource set(s) configured for antenna switching
Proposal 5:
· RAN1 to discuss joint triggering of SRS and CSI-RS for beam management
Proposal 6:
· RAN1 to identify the UE antenna switching architecture to be supported for SRS in Rel‑17
Proposal 7:
· RAN1 to discuss which OFDM symbols within one slot can be used for SRS transmission.
Proposal 8:
· RAN1 to discuss SRS resource sets configuration for SRS with antenna switching up to 8 antennas
Proposal 9:
· RAN1 to discuss SRS repetition across slots in Rel-17 considering phase and amplitude discontinuity introduced by other uplink transmissions.
Proposal 10:
· RAN1 to consider TD-OCC for increased SRS repetitions to increase SRS capacity
Proposal 11:
· RAN1 to consider increasing SRS repetition for coverage enhancement
Proposal 12:
· RAN1 to consider SRS sounding if DL BWP and UL BWP are not aligned.
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Appendix-A: System level simulation assumption
The system level simulation assumption is shown as below.
Table 4 System level simulation assumption
	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

	Layout
	Hexagonal Grid with 2 tiers

	ISD
	200 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRB

	Tx power
	41 dBm

	UE distribution
	Uniform 20% outdoor (30 km/h), 80% indoor (3 km/h)

	UE antenna configuration
	8 Rx (uniform linear cross-pol array)

	BS antenna configuration
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Traffic model
	Full buffer

	TRP association
	RSRP based,
Handover margin = 2 dB

	Transmission mode
	MU-MIMO with 8 layers maximum from BS perspective; 
1 layer per UE maximum

	Scheduling
	Proportional Fair,
Subband scheduling, PRG =  4 PRB

	OLLA
	10% BLER target

	MU-MIMO precoding
	MMSE

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	Max number of HARQ transmissions
	4

	CSI
	Periodicity 5 ms with 4 ms delay;
SRS -based precoding (SVD) with 4 PRB granularity;
· SRS switching: 8 UE antennas are used for SRS
· No SRS switching 4 UE antennas are used for SRS
· Two cross pols with 0.5 λ (near) and 1.5 λ (far) antenna spacing
Non-PMI feedback with RI/CQI based on precoded CSI-RS assuming 8 Rx antennas.
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