Page 1
[bookmark: _GoBack]3GPP TSG RAN Meeting #90-e			                 		       RP-210533
Online, March 16 – 26, 2021

[bookmark: Source]Agenda item:	9.13	Other NR documents
Source: 		Fraunhofer IIS, Fraunhofer HHI
Title: 	Motivation on CSI Enhancements for Mobility Scenarios for Release 18
Document for:		Discussion
Justification
The demand for seamless connectivity and high data rates for mobile UEs is growing rapidly. However, it is observed that when demanding a high data rate link in mobility scenarios, the performance of 5G Release 15/16 (most probably also Rel. 17 as no mobility related improvements on CSI were planned) drops down significantly already when the UE moves at medium speeds. This issue was addressed during the preparation phase of the Rel.-17 MIMO WID, where operators as well as companies from the vertical industries expressed their interest in CSI enhancements for mobility scenarios such as:
· Industrial scenarios with moving UEs such as robots,
· Mobile users up to 30 km/h,
· Automotive applications ranging from 30-100 km/h,
· Highway scenarios up to 350 km/h, 
· High-speed trains up to 500 km/h.
Even with Release 17 CSI enhancements, the issue of mobility will not be addressed, and the performance may further degrade drastically as partial UL/DL reciprocity in FDD under motion would be assumed. Figure 1 shows simulation results for the performance loss for a moving UE at 30 km/h compared to a static UE for different CSI feedback rates where losses up to 30% are observed.

Observation 1: A performance loss of up to 30% is observed for a moving UE at 30 km/h. 
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	[bookmark: _Ref8735628]Figure 1: Performance loss of a moving UE (30 km/h) compared to a static UE for different CSI feedback rates at 4 GHz.



The main reason for this performance loss is the Doppler spread due to the presence of several multipath components in the channel arising from different angles as shown in Figure 2 for an example urban scenario with low mobility (20 km/h). Other examples are presented in [1].  The Doppler spread implies significant time-variations (see first and second column of Figure 2) and potential deep fades of the channel over time. In order to cope with the strong channel variations (i.e., PMI/CQI variations), the network may trigger more frequent CSI measurements (higher CSI update rate) to accurately track the channel. Obviously, a higher CSI update rate comes at the cost of high UE battery consumption and increased use of UL and DL resources for control data. Moreover, when the update rate of the CQI/PMI measurements is not sufficiently high with respect to the channel variation rate, a large performance loss is observed.

Observation 2: In UE mobility scenarios, the following is observed: 
· Doppler spread of the channel can be very large,
· Large performance loss is obtained when channel variations are fast and CSI measurement and update rate is too small,
· Very high CSI (CQI and/or PMI) update rate is required to handle fast channel variations even for UEs with low-mobility,
· Increased use of DL resources due to frequent CQI/PMI measurements,
· Increased use of UL resources due to high CQI/PMI feedback rate (increased CSI feedback overhead), and
· Increased UE battery consumption.
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	Power spectrum [dB] at different measurement times.
	Power delay profile [dB] at different measurement times. 
	Delay-Doppler spectrum [dB] at different measurement times.

	Figure 2: Urban scenario, average speed of approx. 20 km/h, center frequency 3.75 GHz, power spectrum [dB] (left), power delay profile [dB] (middle), and delay-Doppler spectrum [dB] (right) over 104 ms at measurement times ,   30 s, ms.


In current NR systems, the CSI measurement and reporting rate depends on the channel coherence time that defines the time duration over which the amplitude and phase change imposed by the channel is considered to be constant. Moreover, the CSI report contains only information on the current channel state. Consequently, a high CSI (CQI and/or PMI) update rate is required in UE-mobility scenarios, where the channel variations are fast, and the channel coherence time is small. 
Observation 3: The CSI (CQI/PMI) report of R16 and ongoing R17 Type II codebook depends on the fast-fading channel variations. A high CSI (CQI and/or PMI) update rate is required in UE-mobility scenarios, where the channel variations are fast, and the channel coherence time is small. 
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	Figure 3: Performance of aperiodic CSI-RS measurements for PMI with and without Doppler Spread related information 


In order to overcome this drawback and to decouple the CSI feedback rate from the channel coherence time, the CSI report should contain information on the fast-fading channel variations in the form of a Doppler spectrum-related information. The Doppler spectrum-related information is measured based on aperiodic bursts of CSI-RS as shown in Figure 3, which helps characterize the channel variations over the so-called channel stationarity time, which is the time over which the channel statistics (with respect to Beam-Doppler-Delay spectrum) remain identical, large-scale parameters such as path loss and shadow fading do not change, and channel variations are only related to small-scale fading. The Doppler spectrum-related information can be represented in the form of a precoder (PMI) in the CSI report. With this representation the fast-fading process can be covered in a compressed manner. 
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	[bookmark: _Ref8737997]Figure 4: CSI update rate based on channel coherence time (Tc) versus CSI update rate based on stationarity time (Ts) for a V2X highway measurement scenario.



Figure 4 compares the corresponding CSI feedback rate based on the channel coherence time (Tc) and the channel stationarity time (Ts) for a V2X highway measurement scenario at 2.53 GHz and 20 MHz system bandwidth. It can be observed that the stationarity time is significantly larger than the coherence time over the whole measurement time along the measurement track. While the mean value of Tc is approx. 8 ms, the average of Ts is about  ms which is more than 80 times larger. 
Observation 4: To drastically reduce the CSI feedback rate in UE-moving scenarios, the CSI report should contain Doppler spectrum-related information associated with the multipath propagation channel and the motion of the UE and scatterers. 

The simulations showing the performance loss in Figure 1 are based on the 3GPP channel model in TR 38.901, however it was shown in [1] that the Doppler spread issue in real world measurements in different scenarios such as:
1. High-speed train scenario (100-130 km/h)
2. Urban scenario 1 (average speed 20 km/h)
3. Urban scenario 2 (average speed 20 km/h)
4. Highway scenario (average speed 100 km/h)
5. Side-link highway scenario (average speed 100 km/h)
cannot be neglected in CSI feedback as it either results in large update rate needed coming with large feedback overhead or with low update rates and outdated CSI information. As shown in [2] for the above UE mobility measurement scenarios, the stationarity time of the channel is significantly larger than the coherence time. 
Moreover, based on the Doppler spectrum-related information, the UE is also able to select an appropriate CQI value based on an average BLER threshold for all channels within the stationarity time. This means, in contrast to the current coherence-based CSI reporting in NR which requires for each channel realization a CQI calculation and a CSI report, for the stationarity-time-based CSI reporting, only a single CQI value for all channels within the stationarity time is required to be calculated and reported by the UE. Consequently, the stationarity-time-based CSI reporting drastically reduces the UE complexity for CSI calculation and reporting in mobility scenarios. Moreover, due to reduced CSI feedback rate, less DL and UL resources are required for CSI measurements and reporting. In general, it can be observed that the improvement is not only relevant at high speeds but also relevant at relatively low speeds (e.g., 20 km/h) and multipath rich environments.

Observation 5: When the CSI report contains Doppler spectrum-related information, the gNB can perform precoding in the time-domain to compensate for the fast-fading variations of the channel, and
· Less DL resources are required for CQI/PMI measurements,
· Less UL resources are required for CSI reporting,
· UE complexity and UE battery consumption are reduced, and
· Better performance is expected in channels with fast fading.

Based on the above observations, we propose the following.
Proposal 1: Specify CSI enhancements for UE mobility.
Objective 
CSI enhancements for mobility scenarios should be a part of the Rel. 18 MIMO WID. The detailed objective is as follows. 

· Extend specification support in the following area
· CSI enhancements on UE mobility:
· Doppler-based CSI compression for time-domain overhead reduction 
Conclusion 
Based on the above discussion, we have the following observations and proposals.
Observation 1: A performance loss of up to 30% is observed for a moving UE at 30 km/h. 

Observation 2: In UE mobility scenarios, the following is observed: 
· Doppler spread of the channel can be very large,
· Large performance loss is obtained when channel variations are fast and CSI measurement and update rate is too small,
· Very high CSI (CQI and/or PMI) update rate is required to handle fast channel variations even for UEs with low-mobility,
· Increased use of DL resources due to frequent CQI/PMI measurements,
· Increased use of UL resources due to high CQI/PMI feedback rate (increased CSI feedback overhead), and
· Increased UE battery consumption.

Observation 3: The current R16/upcoming R17 CSI (CQI/PMI) report depends on the fast fading channel variations. A high CSI (CQI and/or PMI) update rate is required in UE-mobility scenarios, where the channel variations are fast and the channel coherence time is small.

Observation 4: To drastically reduce the CSI feedback rate in UE-moving scenarios, the CSI report should contain Doppler spectrum-related information associated with the multipath propagation channel and UE motion.

Observation 5: When the CSI report contains a Doppler spectrum-related information, the gNB can perform precoding in the time/Doppler-domain to compensate for the fast-fading variations of the channel, and
· Less DL resources are required for CQI/PMI measurements,
· Less UL resources are required for CSI reporting,
· UE complexity and UE battery consumption is reduced, and
· Better performance is expected in channels with fast fading.

Proposal 1: Specify CSI enhancements for UE mobility.
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