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Introduction
The following objectives were agreed for CSI enhancement in Rel-18 MIMO Evolution WID[1]:
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this contribution, we will provide some initial considerations and performance evaluation on CSI enhancement for high/medium mobility UEs and downlink coherent JT transmission.
Discussion
1.1. CSI enhancement for high/medium mobility UEs
Multiple types of codebook have been introduced in Rel-15/16/17. However, most codebook design only considers low mobility. In medium/high mobility, the channel response estimated by UE and the channel of practical PDSCH transmission may be mismatched due to UE’s movement. The performance of Rel-16 eTypeII CSI reporting may be worse than that of type I codebook in medium/high mobility  as show in figure 1. For medium mobility UE, fading caused by Doppler shift is much more serious than that caused by scattering. For example, the correlation of scattering is larger than 0.9 for 60kmph in 200ms duration (de-correlate distance is 50m, as in 38.901), while the coherent time is only tens of millisecond. In such scenario, slowly changed Doppler spectrum can be exploited to improve the accuracy of precoder for PDSCH transmission from the outdate PMIs.
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Figure1. Performance loss for medium velocity
	[image: ]
Figure 2. Correlation of channel vs scatter


Two methods can be considered for precoder tracking:
1) UE reports Doppler-related information in addition to conventional codebook reporting, and the precoder is estimated by gNB. The PMI processing may be non-gaussian, and gNB may apply subspace tracking based on Doppler domain information and recently reported PMI.  
2) UE extrapolate the precoder with the reconstruction of precoder in time domain, and gNB can directly apply the precoder for PDSCH. 
For both methods, per slot CSI reporting may be insufficient for precoder tracking. UE could provide a group of PMIs to improve the quality of prediction. The group of PMIs may be highly correlated in time domain. In this case, Rel-16/17 CSI reporting and codebook structure should be refined. To avoid the high overhead due to multiple PMI reports, the compression in time domain is needed.  
· Doppler basis reporting
Time domain compression is similar to frequency domain compression for eType II codebook in Rel-16. UE can report PMI for multiple slots in Doppler domain instead of time domain directly. For example, UE transforms N4 Rel-16 eTypeII codebook via DFT and then reports the Doppler basis in addition to SD/FD basis with the associated coefficients. For K Doppler basis reporting, W may be constructed at gNB as

where  is a length-N4 DFT vector.
· CSI-RS
Similar to additional DMRS design for high mobility, more than one CSI-RS resource can be transmitted consecutively for one CSI measurement to improve the accuracy of CSI. The time interval of CSI-RS can be optimized for target use case.
· Evaluation
Preliminary SLS results are provided in figure 4 with Rel-16 EVM. The velocity is assumed to be {3, 15, 30, 60, 120} kmph, respectively.  The scattering distribution is assumed stationary in this simulation. Three schemes are evaluated as illustrated in figure 3. Performance of conventional eType II codebook is used as the baseline, where the precoder is constant during the reporting period. For time domain compression, 4 periodic CSI-RS resources with periodicity of 5ms are used for one CSI measurement. Considering 4ms feedback delay and 5ms CSI-RS period, N4 is set to 10. UE extrapolates N4 channels (LMMSE with perfect knowledge of time domain correlation for simplicity) and compresses the precoder using DFT transformation. The overhead K0 is same as that of eType II codebook in Rel-16. M (Delay) + K (Doppler) basis are selected from N3*N4 vectors (M+K is set to the value M in Rel-16). The quantization process reuses the Rel-16 design. For CSI-RS enhancement, we consider 4 consecutive CSI-RS resources for high time resolution. For each case, RI/CQI are hold constant per period as usual.


Figure 3. Illustration of evaluated schemes
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Figure 4. Performance of CSI enhancement for medium velocity

From the simulation, we have the following observations:
Observation 1:
· The enhanced Doppler domain reporting has better performance for speed of 30km/h (Doppler frequency fd<220Hz, about 15% gain over type I)
· The CSI overhead would not be increased by Doppler basis reporting. Meanwhile, time domain DFT can be considered as starting point for study.
· Burst CSI-RS can further improve the performance for 60-120km/h (220Hz<fd<880Hz, 5%~10% gain)
· The performance gain for velocity>=60km/h is small (fd>220Hz, about 5% gain). 
For high velocity, the enhancement only shows very limited gain (less than 5% for 120kmph) at the cost of high complexity at UE and gNB. In these scenarios, open loop transmission may be a better choice. Hence, we suggest the evaluation of CSI enhancement focus on medium/low mobility, e.g. less than 60km/h.
Based on the observation, we made proposal:
Proposal 1: The evaluation of CSI enhancement focus on medium/low mobility, e.g. less than 60km/h. 
Proposal 2: Consider Doppler domain basis reporting as enhancement to eType II codebook. 
· Orthogonal DFT basis can be considered as starting point.
CSI enhancement for coherent JT transmission
In Rel-17, CSI enhancement to NC-JT was introduced with support of NC-JT CSI. In Rel-18, further enhancement of CSI acquisition for Coherent-JT targeting FR1 is further considered with potential gain via coherent transmission from mTRP. Similar to NC-JT, the same number of antenna ports across TRPs is assumed and the maximum number of CSI-RS ports per resource remains the same as in Rel-17. To evaluate the potential gain from C-JT and compare different solutions, SLS is needed with common evaluation methodology in RAN1. As baseline, EVM used for Rel-17 CSI enhancement for NC-JT can be reused. 
For CSI feedback to support C-JT, with the experience of C-JT enhancement in LTE, there can be two ways:
· Method 1: UE reports the CSI for multiple TRPs without assumption of coherent transmission, and additionally reports the co-phasing information between TRPs for C-JT. The CSI report for multiple TRPs can reuse current Rel-16/17 CSI feedback, e.g. NC-JT CSI in Rel-17. The co-phasing information can be configured for each beam, or per beam per polarization. or per FD-basis per beam, or even per TRP, and can be another part of type II codebook. A tradeoff between feedback overhead and performance should be considered. 
· Method 2: UE jointly reports the CSI for multiple TRPs and co-phasing between TRPs assuming C-JT transmission between TRPs. Current Type II codebook should be refined to support co-phasing reporting. For example, the CSIs for multiple TRPs can be reported together, and the coefficient for different TRPs can be calculated together with assumption of C-JT transmission.
Method 1 was applied in LTE CoMP for C-JT. In NR, both methods should be studied and one solution can be determined based on evaluation and analysis.
Proposal 3 : SLS is needed to evaluate the benefits and solutions of Coherent JT. 
· EVM for Rel-17 CSI enhancement for NC-JT can be reused.
Proposal 4: Both methods (separate/joint co-phasing reporting) can be studied and evaluated for C-JT.
In Rel-16/17, mTRP enhancements only support up to two TRPs. In the WID of Rel-18 MIMO, the number of TRPs for C-JT can be up to 4. It should be firstly justified that C-JT among more than two TRPs can bring additional benefits over current assumption. 
In typical deployment for 3GPP evaluation, the 3-sectors cell model is widely adopted. In this model, as shown in Fig.1 , UE may be located in the coverage edge of two TRPs. In this case, C-JT based mTRP transmission may bring gain over S-TRP transmission. In some case, one UE may be located in the boundary of three TRPs. Whether C-JT among the three TRPs can provide additional gain over C-JT between two of the TRPs needs further evaluation. Even yes, considering the ratio of this type of UEs is very small, the impact to cell throughput is negligible. With this deployment, we cannot see any necessity to support C-JT among 4 TRPs. 


Fig.1: Typical 3-sectors deployment for mTRP transmission
On the other hand, if simultaneous transmission from more than two TRPs are supported, the UE should be indicated with more than two TCI states via DCI and MAC CE for each codepoint, otherwise the performance of NC-JT would be significantly degraded due to loss of accurate large-scale parameters. Additional enhancement to TCI state signaling should be introduced for this case. However, in the current WID, only CSI enhancement is included. Any other enhancement seems to be out of scope of the WID. It is also possible that UE reports CSI of more than two TRPs, e,g. for interference restriction, TRP selection or scheduling. 
Observation 2: Simultaneously C-JT from more than two TRPs needs additional standardization effort other than CSI enhancement, e.g. indication of more than two TCI states, which seems to be out of the scope of the WID.
Proposal 5: No enhancement on transmission scheme is introduced for Rel-18 C-JT and UE assumes simultaneously transmission from up to 2 TRPs for CSI feedback.
Conclusion
In this contribution, we discuss the possible enhancements to CSI feedback. To summarize, we have the following proposals:
 Observation 1:
· The enhanced Doppler domain reporting has better performance for speed of 30km/h (Doppler frequency fd<220Hz, about 15% gain over type I)
· The CSI overhead would not be increased by Doppler basis reporting. Meanwhile, time domain DFT can be considered as starting point for study.
· Burst CSI-RS can further improve the performance for 60-120km/h (220Hz<fd<880Hz, 5%~10% gain)
· The performance gain for velocity>=60km/h is small (fd>220Hz, about 5% gain). 
Observation 2: Simultaneously C-JT from more than two TRPs needs additional standardization effort other than CSI enhancement, e.g. indication of more than two TCI states, which seems to be out of the scope of the WID.

Proposal 1: The evaluation of CSI enhancement focus on medium/low mobility, e.g. less than 60km/h.
Proposal 2: Consider Doppler domain basis reporting as enhancement to eType II codebook. 
· Orthogonal DFT basis can be considered as starting point.
Proposal 3 : SLS is needed to evaluate the benefits and solutions of Coherent JT. 
· EVM for Rel-17 CSI enhancement for NC-JT can be reused.
Proposal 4: Both methods (separate/joint co-phasing reporting) can be studied and evaluated for C-JT.
Proposal 5: No enhancement on transmission scheme is introduced for Rel-18 C-JT and UE assumes simultaneously transmission from up to 2 TRPs for CSI feedback.
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Appendix
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) 

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	[bookmark: _GoBack]52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback):  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) : 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	UE distribution
	outdoor only 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic
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