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1. Introduction
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. Depending upon the UE capability it requires a minimum  processing time to derive the precoder after the reception of CSI-RS. High processing time can affect the UL performance due to CSI variations over time. The processing delay in case of precoded aperiodic (AP) SRS transmission is specified in 38.214 [1], section 6.1.1.2  as 42 symbols.
For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate
the precoder used for the transmission of precoded SRS. A UE can be configured with only one
NZP CSI-RS resource for the SRS resource set.

- If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols. A UE may receive the SRI which shall be associated with the most recent SRS transmission.

In RAN #81 following objectives are agreed[2],
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
Similarly in RAN1 #94 following is agreed,
· Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not preclude
Similarly RAN1 agreed to study the use cases such as transportation , AR/VR with latency as low as 1 ms [3].
In this contribution, the impact of processing delay of non-codebook based SRS transmission on different aspects of URLLC UL is discussed. 

2. CSI acquisition latency in non-codebook based URLLC UL transmission
	Currently eMBB systems allows precoder updation in the case of non-codebook SRS transmission with a  fixed delay of 42 symbols from the associated CSI-RS, irrespective of the numerology. This implies minimum delay of 0.250 ms to maximum of 3ms in different numerologies ranging from 15 to 120 KHz.  In the case of URLLC, this will lead to an additional latency, lower reliability in case of transportation use case and/or overhead in SRS transmission due to reduced interval of SRS transmission. As URLLC requires accurate and up to date CSI to meet its reliability and latency requirements, it is imperative to have the CSI acquisition on demand with low latency. Similarly, the requirements agreed in RAN1 #94 are  numerology agnostic.    
[bookmark: __DdeLink__6497_3008157105]Proposal 1: Non-codebook based UL CSI acquisition should target minimum possible processing delay irrespective of numerology in the case of URLLC.

In moderate to high speed scenarios, beam-forming becomes difficult due to precoder obsolescence, due to high Doppler.  We studied the problem of channel fluctuations for low delay (~250 microseconds) and high delay(3 milliseconds)  with 15 KHz  sub-carrier spacing for different  speeds.  We measured correlation coefficient of the channel at different time delays . The results are given in tables 1.





	
	Processing Delay

	Speed (kmph)
	0.250 ms
	3ms

	30
	0.9940
	0.5682

	120
	0.9025
	0.4276


Table1: Coefficient of correlation  for speeds 30 and 120 kmph
[bookmark: __DdeLink__1606_1448048764]	It can be observed from the table that as the accuracy of the CSI depends upon the processing delay in medium to high UE velocities. If the CQI updation in UL gets delayed, it affects the reliability and thus  impacts user throughput   due to unnecessary retransmissions.  This leads to increased latency. 
Proposal 2: For 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 and improve reliability in URLLC UL transmission  . 
3. Conclusion

In this contribution, the following proposals have been made:
Proposal 1: non-codebook based UL CSI acquisition should target minimum possible delay irrespective of numerology in the case of URLLC.
Proposal 2: For 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 and improve reliability in URLLC UL transmission  . 
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5.  Appendix
	Parameters
	Values

	Scenario
	Dense Urban (1-Tier Macro) 

	BS antenna height
	25

	Total transmit power per TRxP
	41 dBm

	Indoor Percentage 
	0 (All outdoor)

	UE speed
	30 , 60  Km/Hr

	Carrier frequency
	4 GHz

	gNB antenna 
structure 
	(Mg, Ng, M, N P) = (1, 1, 8, 4, 2)

	UE antenna structure
	(Mg, Ng, M, N, P) = (1, 1, 1, 1, 2)

	UE antenna element pattern
	Omni directional (0 dBi)

	Simulation Bandwidth
	10 MHz (15KHz numerology)



Table 3: Simulation Assumptions for dense urban uplink 

