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At RAN1#94bis, the following agreements were made on support for CSI feedback [1]:
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario
This paper provides further evaluation results regarding PMI feedback periodicity.
[bookmark: _Ref524763957]CSI feedback periodicity
For unicast and groupcast, closed-loop MIMO can be used to explore transmission diversity and multiplexing. PMI and RI reporting can facilitate selection of precoding matrix and the number of streams multiplexed on the same resources. With more frequent CSI feedback, the channel information is more accurately captured and the transmission should be more efficient. However, too small CSI feedback periodicity setting will also introduce extra overhead of reference signals and feedback resources. Some evaluation results in [2] are given to demonstrate the channel estimation accuracy with different feedback periodicity and its effect on throughput. Here we refresh the evaluation result on simulating periodic PMI/RI feedback for codebook selection in MIMO. The PMI/RI feedback periodicity is set to 1ms, 5ms, 10ms, 20ms and 40ms, respectively. The other simulation parameters are given in Appendix A. We focus on a UE speed of 3 km/h as we consider the use of platooning where relative speeds between vehicles are small, or even close to zero.
In figure 1 and figure 2, the comparison of different PMI feedback periodicity is shown. The yellow curve is ideal PMI feedback as the benchmark. The other five curves are with the PMI feedback period of 1 ms, 5 ms, 10 ms, 20 ms and 40 ms, respectively. It is observed that the performance of 1ms period out performs the others, above the low SNR region where they are all similar. The performance of 5ms period is slightly worse, followed by the 10 ms period, reflecting the degradation on decoding performance caused by less frequent PMI feedback. It is observed that the two curves of 20ms and 40ms periods have similar performance. The reason for that is, with such long feedback period the CSI feedback is not that useful, the performance is little better than just randomly picking the precoding matrix. The throughput reflected in the figures considers the overhead brought by CSI-RS and feedback message. 
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[bookmark: _Ref528307348]Figure 1 Throughput performance vs. CSI feedback periodicity in FR1
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Figure 2 Throughput performance vs. CSI feedback periodicity in FR2
It is seen that with PMI/RI feedback every 1ms, the channel information is estimated promptly, which can capture channel variations to achieve better throughput in low SNR region. When the periodicity is getting bigger, the channel information is out of date and cannot be used to catch link variations.However, for high SNR values, the performance difference gets smaller because the CSI-RS and CSI feedback overhead overwhelms the CSI information inaccuracy.
Observation 1: Feedback on PMI/RI improves the performance on throughput.
Observation 2: Throughput decreases with longer PMI/RI feedback periodicity. To fully utilize the gain brought by the PMI/RI feedback, the periodicity should not be set too long.
Other CSI feedback, such as RSRP/RSRQ and CRI/SRI are utilized by the beam management. The RSRP/RSRQ is required to be updated periodically to track available beams to avoid beam failure. The periodicity should be configurable to cope with different scenarios. Further, considering the beam based cross link interference avoidance, the interference condition is another candidate to be reported. The report of interference information could be triggered when the interference at the receiver is above a threshold. The feedback of RSRP/RSRQ is also utilized by closed-loop power control. Both power control and AMC aim to improve the SNR at receiver. Higher transmit power is usually preferred while maintaining the MCS to maximize the throughput. The report of vehicle motion is used for numerology and DMRS pattern adaption. As the velocity of the vehicle usually changes smoothly, this information can be reported less frequently. The vehicle motion may to be updated with longer periods or be triggered by a particular threshold of velocity change. The content of CSI feedback contains both short term parameters, e.g. CQI, PMI, and long term parameters, e.g. RSRP, therefore the CSI feedback periodicity should be configurable for different measurement quantities. 
Proposal 1: The CSI feedback periodicity should be configurable.
Conclusions
In the following, we highlight our key proposal related to the CSI feedback periodicity.
Observation 1: Feedback on PMI/RI improves the performance on throughput.
Observation 2: Throughput decreases with longer PMI/RI feedback periodicity. To fully utilize the gain brought by the PMI/RI feedback, the periodicity should not be set too long.
Proposal 1: The CSI feedback periodicity should be configurable.

References
[1]. [bookmark: _Ref524361899][bookmark: _Ref524361733][bookmark: _Ref520111050][bookmark: _Ref519073164][bookmark: _Ref516217447]Chairman notes, RAN1#94bis, Chengdu, China, October 2018.
[2]. R1-1813553, “Sidelink CSI”, Huawei, HiSilicon, RAN1#95, Spokane, USA, November 12-16, 2018.
[bookmark: _Ref524938846]Appendix A
Table 2 Parameter assumption of link level simulation for CSI feedback
	Parameter
	FR1
	FR2

	Carrier frequency
	6GHz
	30GHz

	Bandwidth
	6RB
	2RB

	Channel 
	cdl-a, ds=30ns
	cdl-a, ds=100ns

	MCS
	AMC
	AMC

	Waveform
	CP-OFDM
	CP-OFDM

	Subcarrier Spacing
	60 kHz
	60 kHz

	Symbol number
	13
	13

	No. of symbol for CSI feedback
	1
	1

	CSI-RS density
	1 RE per PRB
	1 RE per PRB

	CP length
	Normal CP
	Normal CP

	Frequency synchronization error
	Not modeled
	Not modeled

	DMRS configuration
	Symbol  <#1, #6, #11>
	Symbol <#1, #6, #11>

	Number of antennas
	16T16R
	16T16R

	Antenna array configuration
(M, N, P, Mg, Ng)
	Tx: (1, 2, 2, 1, 1)
Rx: (1, 2, 2, 1, 1)
	Tx: (2, 4, 2, 1, 1)
Rx: (2, 4, 2, 1, 1)

	Transmission diversity scheme
	MIMO, 2 stream
	MIMO, 2 stream

	UE receiver algorithm
	MMSE
	MMSE

	Speed
	3km/h
	3km/h

	Feedback period
	1/5/10/20/40ms
	1/5/10/20/40ms
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