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1. Introduction
RAN meeting #86 agreed on "Further enhancements on MIMO for NR" work item [1] with the following objectives.
· Enhancement on SRS, targeting both FR1 and FR2:
· Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
· Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
· 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

Further, in RAN1 #meeting 102-e, the following agreements were made [2].
Agreement
Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB tochoose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.
Agreement
Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI
· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching
· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..

Agreement
· For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..


Based on the above objectives and agreements, we mainly focus on discussing about  SRS overhead reduction by reusing same resources among multiple usages and aperiodic SRS in this contribution.

2. SRS enhancement for overhead reduction in multi TRP transmission scenario
	In a multi-TRP scenario, multiple TRPs communicate with a single UE to enhance spectral efficiency, reliability etc using joint transmission/reception or dynamic point selection. Similar to single TRP scenarios, CSI measurement in DL and UL is required to be performed in multi-TRP scenarios as well. In general, if a UE is communicating with multiple TRPs, it has to transmit SRS for UL channel sounding to all the TRPs. Since the UE can be time synchronised with only one TRP at a given instant of time, it can transmit SRS to one particular TRP with a timing advance (TA) corresponding to that TRP. Thus, SRS transmissions to different TRPs need to be time division multiplexed (TDMed) where each SRS transmission will be with a different TA. Further, this scenario will also occur if a TRP wants to measure the UL interference from a particular UE to which the UE is not synchronised.  This can lead to an unnecessary overhead, and complexity at the UE side due to multiple SRS transmissions with different TAs TDMed. Transmitting SRS in a  TDMed way with different TAs also adds to the latency in acquiring CQI/interference information thus affecting the UE performance. 

2.1. Issues in SRS transmission in multi-TRP scenario
In a multi-TRP scenario, the UE can perform UL SRS transmission with one TRP at a given instant of time. This is because it will be time synchronised with one partic	ular TRP using a single TA value. To transmit SRS for UL CSI acquisition to the other TRPs, it has to perform TDM of SRS resources with different TA values. This will increase the SRS overhead since for each TRP, a different SRS resource has to be transmitted . Further, sufficient guard symbols are also required before/after each SRS transmission with a different TA if the TA is different from UL ongoing data transmission or any other transmission in UL. This will also add to the overhead.
Observation 1: In a multi-TRP scenario, the UE should transmit UL SRS  in a TDMed fashion with different TA values to different TRPs for UL CSI acquisition. This increases the SRS overhead.
The overhead can be reduced if the CSI could be measured by all the TRPs on the same SRS resources transmitted by the UE. This would mean that the UE transmits the SRS with one TA value (corresponding to one TRP) and the other TRPs measure CSI on this transmitted SRS. However, factors like different propagation delays between the UE and different TRPs, network synchronisation error among the TRPs, UE having a TA corresponding to only one TRP etc. will lead to the SRS reaching the other TRPs misaligned with the reception boundaries at those TRPs. Thus, only one TRP (with which the UE is synchronised) will be able to receive the SRS aligned with its reception boundaries while others cannot. This will affect the CSI measurement at the other TRPs. The degradation of CSI measurement accuracy will be proportional to the amount of misalignment which results in loss of orthogonality. If the misalignment is more than the CP duration of the transmitted SRS, it will lead to severe degradation. Thus, measuring CSI on the same SRS resources to reduce the overhead will lead to degradation in performance. Hence, we need some mechanism to reduce the SRS transmission overhead and at the same time ensuring accurate CSI measurement.
Observation 2: Measuring CSI on the same SRS resources to reduce the overhead will lead to degradation in performance. Hence, some mechanism is required to reduce the SRS transmission overhead and at the same time ensuring accurate CSI measurement.

Similarly, consider a scenario where the UL transmission from the UE interferes with the UL reception at a nearby TRP. This will be quite prominent specially in small cells where the performance will be affected by the interference. Hence, there is a need to measure and suppress this interference. One way to measure this is by configuring multiple TRPs to receive and measure interference on the SRS configured by serving TRP to the UE. In that case, the UE has to transmit different SRS with different TA values for other TRPs to measure interference resulting in an increased SRS overhead. Otherwise, if a TRP tries to measure the interference from a UE on the SRS transmitted by that UE, the measurement can go wrong since the UE is not synchronised with it. Again here, the measurement accuracy will depend on the factors like TA, synchronisation error, distance between TRPs etc. 
Observation 3: In a multi-TRP scenario, the UE should transmit different SRS with different TA values for other TRPs to measure interference otherwise the measurements will be erroneous. Hence, some mechanism is required to reduce the SRS transmission overhead and at the same time ensuring accurate interference measurement.
2.2 Enhancements in SRS
A common observation in the issues stated in the previous section is that the transmitted SRS from a UE with one particular TA reaches other TRPs in a way which is misaligned with their reception boundaries. As a result, the measurement performed on the received SRS is erroneous. One way to solve this issue is to transmit the SRS repeated over more than one OFDM symbol (say 2 symbols) in such a way that the time domain circularity is maintained over both the symbols. It implies that any chunk of SRS samples equivalent to one OFDM symbol duration considered within the duration of the 2-symbol transmitted SRS will contain the whole SRS sequence. The only difference is that there will be an additional phase shift in time domain in the chunk considered depending upon the delay between the start of the chunk considered and the start of the actual SRS OFDM symbol transmitted. This is shown in Fig. 1. As an example, CP length of 2 samples is considered.
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Fig. 1 SRS with repetition and phase rotation

Repetition of SRS given by the repetition factor is already present in Rel. 15/16 specification. The phase shift can be easily achieved by using an appropriate precoder on the transmitted SRS which would provide a phase shift in frequency domain equivalent to the time domain circular shift required in time domain. This enhances SRS is transmitted and the CSI/interference measurement is done on this SRS at the receiver. Any amount of misalignment at the receiver will just translate to a phase shift while retaining the full SRS information and preventing any loss of orthogonality. This will ensure accurate measurement of CSI/interference at all the TRPs. Thus, the UE can transmit SRS with only one TA, and it can be used by all TRPs in the network to perform CSI/interference measurements. 

Observation 4: If the SRS is transmitted by repeating and precoding to ensure time domain circularity, it can be used by all TRPs not synchronised with the UE to perform CSI/interference measurement accurately. This re-usage of the same SRS resources at all the TRPs will help to reduce the overhead and ensure proper CSI/interference measurement.


2.3 Benefits of the enhanced SRS
Apart from the reduction in SRS overhead along with efficient measurement of CSI/interference that can be achieved by using the enhanced SRS, there are other benefits. For e.g., in a UL MU-MIMO scenario, where the UE transmits to more than one TRP at the same time but different beams, the interference of one beam on the other can be measured directly on this SRS. That is, TRP 2 can measure the interference from the SRS beam transmitted by UE to TRP 1 even though the SRS is transmitted with a TA corresponding to TRP 1. Thus, based on all the above observations, we make the following proposal. 
Proposal 1: SRS precoding with repetition that ensures time domain circularity over multiple SRS symbols should be supported.
3. Aperiodic SRS enhancement
In UL non-codebook based precoding, the UE has to transmit precoded SRS with a precoder derived from the associated DL CSI-RS resource using beam correspondence. The UE requires a minimum processing time to derive the precoder after the reception of CSI-RS depending upon its capability. Higher processing time means that the UE takes more time to derive and update the precoder for the SRS transmission. This will affect the UL performance due to CSI variations over time. The degradation in performance will be more prominent in high mobility scenarios where the CSI will be obsolete if the delay is very high. 
3.1. Need for configurable delay between associated CSI-RS and SRS precoder updation
In Rel. 16, processing delay between reception of associated CSI-RS and updation of SRS precoder has a fixed value in terms of number of OFDM symbols [3]. Such a fixed delay irrespective of the numerology implies that the delay will be very high (in terms of time duration) for specifically lower numerologies. Even if the UE is capable of faster processing, it will not be allowed to update the precoder. Thus, the beam selection latency for FR1 will be higher as compared to FR2. The high delay would result in incorrect channel estimates at the base station due to outdated CSI. 
As an example, Table 1 and Table 2 show the channel fluctuations for low delay (4 symbols - ~250 microseconds) and high delay( 42 symbols - 3 milliseconds)  with 15 KHz  sub-carrier spacing for 2 different  speeds.  We measured the MSE and correlation coefficient of the channel at different time delays. 

Table 1: MSE (in dB) for speeds 30 and 120 kmph
	
	Delay in symbols(SCS= 15kHz)

	Speed (kmph)
	4
	42

	30
	-11.4811
	5.1143

	120
	2.6043
	6.9511



Table 2: Coefficient of correlation  for speeds 30 and 120 kmph
	
	Delay in symbols(SCS= 15kHz)

	Speed (kmph)
	4
	42

	30
	0.9940
	0.5682

	120
	0.9025
	0.4276



This shows that higher the delay in transmitting the updated SRS, higher will be the error in obtained channel estimates. This would degrade the overall performance of the system. Further, the affect will be more prominent in high mobility scenarios where the channel variations are faster. 
Observation 5: A fixed delay in terms of number of OFDM symbols between reception of the associated CSI-RS and updation of SRS precoder will result in degradation in performance due to outdated CSI specially in lower numerology and high mobility scenarios.
Observation 6: Higher latency in UL/DL beam selection for FR1 scenario as compared to FR2 scenario.
Proposal 2: Both FR1 and FR2 should target same latency for UL/DL beam selection.
[bookmark: __DdeLink__6497_3008157105]A solution to this issue is to introduce a delay which is dependent on the UE capability and numerology. As an example, it is seen that the CSI computation delays in Rel. 16 [3], are dependent on the numerology. For lower numerologies, the delay in terms of number of OFDM symbols is lower than as compared to higher numerologies as shown in the table 5.4-1 from [3].
TS 38.214 Table 5.4-1: CSI computation delay requirement 1
	
	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


 
Thus, it allows the UE to process the CSI faster specially for lower numerologies. These delays also show how fast a UE is capable of processing the CSI which includes the precoder. A similar approach can be considered to decide the delay values for SRS precoder updation. The values can be close to the delay values of CSI computation triggered without PUSCH transmission. Thus, the introduction of configurable delay between reception of associated CSI-RS and updation of SRS precoder will help to reduce the latency in UL beam selection.
Observation 7: Delays based on UE capability and numerology is an efficient way to configure delays rather than having a fixed delay value.
[bookmark: __DdeLink__401599_2926523921][bookmark: __DdeLink__1606_1448048764]Proposal 3: For aperiodic SRS in non-codebook based UL transmission, the delay between the updation of SRS precoder and reception of associated CSI-RS should be configurable, to reduce latency in UL beam selection. 
4. Conclusion
The following observations and proposals have been made in the contribution:
Observation 1: In a multi-TRP scenario, the UE should transmit UL SRS  in a TDMed fashion with different TA values to different TRPs for UL CSI acquisition. This increases the SRS overhead.
Observation 2: Measuring CSI on the same SRS resources to reduce the overhead will lead to degradation in performance. Hence, some mechanism is required to reduce the SRS transmission overhead and at the same time ensuring accurate CSI measurement.
Observation 3: In a multi-TRP scenario, the UE should transmit different SRS with different TA values for other TRPs to measure interference otherwise the measurements will be erroneous. Hence, some mechanism is required to reduce the SRS transmission overhead and at the same time ensuring accurate interference measurement.
Observation 4: If the SRS is transmitted by repeating and precoding to ensure time domain circularity, it can be used by all TRPs not synchronised with the UE to perform CSI/interference measurement accurately. This re-usage of the same SRS resources at all the TRPs will help to reduce the overhead and ensure proper CSI/interference measurement .
Proposal 1: SRS precoding with repetition that ensures time domain circularity over multiple SRS symbols should be supported.
Observation 5: A fixed delay in terms of number of OFDM symbols between reception of the associated CSI-RS and updation of SRS precoder will result in degradation in performance due to outdated CSI specially in lower numerology and high mobility scenarios.
Observation 6: Higher latency in UL/DL beam selection for FR1 scenario as compared to FR2 scenario.
Proposal 2: Both FR1 and FR2 should target same latency for UL/DL beam selection.
Observation 7: Delays based on UE capability and numerology is an efficient way to configure delays rather than having a fixed delay value.
[bookmark: __DdeLink__1606_14480487641]Proposal 3: For aperiodic SRS in non-codebook based UL transmission, the delay between the updation of SRS precoder and reception of associated CSI-RS should be configurable, to reduce latency in UL beam selection. 
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