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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, 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 meeting #80 it agreed NR MIMO enhancement work item with the following objectives.
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]
In this contribution, effect of different processing delays on UL performance is studied.

2. Need for configurable delay for associated CSI-RS in non-codebook based UL transmission
	A fixed delay of 42 symbols irrespective of the numerology implies that the delay will be high for lower numerologies. Even if the UE is capable of faster processing, it will not be allowed to update the precoder for 3ms in case of 15kHz sub carrier spacing (it is as low as 0.250 ms in case of 120 kHz subcarrier spacing). In high doppler scenarios, the delay between the CSI-RS reception and the SRS transmission should be minimum to achieve reliable link adaptation and better performance. 
The UL throughput for dense urban scenario for high Doppler scenario for 15 KHz sub-carrier spacing is evaluated with SRS precoder updation delay of 1, 2, 3 and 4 slots.  The average per user throughput for UE speed of 30 Kmph and 60 Kmph and is tabulated below.



	UE with Speed 30 Kmph

	CQI Updation delay in UL (in terms of slot)
	1 Slot
	2 Slot
	3 Slot
	4 Slot

	Per user throughput
 (in Mbps)
	2.4876
	2.4739
	2.3738
	2.2881

	Spectral Efficiency   
(in bps/Hz)
	1.7413
	1.7317
	1.66163
	1.6017

	Percentage Change
(1 slot is reference)
	0
	-0.55
	-4.58
	-8.02


Table 1: UL spectral efficiency and throughput for 30km/hr UE speed

	UE with Speed 60 Kmph

	CQI Updation delay in UL (in terms of slot)
	1 Slot
	2 Slot
	3 Slot
	4 Slot

	Per user throughput
(in Mbps)
	1.3174
	1.2204
	1.1257
	1.0764

	Spectral Efficiency 
(in bps/Hz)
	1.5809
	1.4645
	1.3508
	1.2917

	Percentage Change
(1 slot is reference)
	0
	-7.36
	-14.55
	-18.29


Table 2: UL spectral efficiency and throughput for 60km/hr UE speed
	It can be observed from the tables that as the CQI updation in UL gets delayed, per user throughput  decreases. In case of non-codebook based UL transmission, encountered delays are precoder updation based on associated CSI-RS, precoded SRS transmission and PUSCH scheduling. Hence, to maximise the throughput, these delays should be minimised. Further, the delay value should take into account the UE capability. 
[bookmark: __DdeLink__1606_1448048764]Proposal 1: For non-codebook based UL transmission, the delay between the updation of SRS precoder and reception of associated CSI-RS should be configurable. 
3. Conclusion

In this contribution, the following proposals have been made:
Proposal 1: For non-codebook based UL transmission, the delay between the updation of SRS precoder and reception of associated CSI-RS should be configurable. 
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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

	Scheduler
	PF

	Traffic model
	Full buffer

	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 

