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1. Introduction

Following objectives are agreed in the agreed WID [1]:
· 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
· Multi-TRP techniques for URLLC requirements are included in this WI
· 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, we discuss some aspects on CSI enhancement including views on scenarios and simulation assumptions. Initial simulation results are also provided in section 3.2.
2. Background
In Rel-15 NR MIMO, type I and type II CSI feedback are specified. Type II CSI feedback is targeting finer granularity in channel information feedback, consequently incurs large feedback overhad. It supports rank 1 and 2 with L=2, 3 and 4, feedback contents includes some wideband coefficients and subband coefficient e.g. 2L-1 wideband amplitude coefficients per layer, K out of 2L subband amplitude coefficients per layer, 2L-1 subband phase coefficients per layer etc. It is clear that large part of feedback overhead is coming from subband coefficients especially subband phase coefficients. The motivation of the WI on enhancement on MU-MIMO support should be reducing feedback overhead without too much impact on performance rather than improving performance without reducing (or increasing) feedback overhead.
3. Discussion on MU-MIMO CSI enhancement 
1.1. Scenario and simulation assumptions

In this section we discuss few issues relevant to scenario and simulations assumptions. Rel-15 NR spec is too flexible and, there are too many configurabilities and options including operating frequency band, numerologies, system bandwidth, DMRS types and number of symbols etc. In order not to increase simulation workload unnecessarily and not to diverge assumptions among companies, it is beneficial to align and agree on set of assumptions. In this WI, only FR1 shall be considered since it is not commonly understood yet what is essential CSI feedback for FR2 with analog beam operation, and it can be envisoned there are mainly TDD bands in FR2. For TDD system, gNB can obtain CSI from measurement in UL on SRS due to channel reciprocity, thus the focus should be on FDD system, however it doesn’t imply that enhancement of MU MIMO CSI is not applicable for TDD.  Below we discuss some of the assumptions :

· Frequency range: as discussed above focus on FR1, however it can still be further considered whether it is sub-6GHz or sub-3GHz; 3GHz and beyond are mainly TDD bands thus sub-3GHz frequency range should be considered for practical reason. 
· Scenarios: there are several scenarios defined within 3GPP for different evaluation campaigns, for type II CSI where feedback is large and MU-MIMO operation in dense urban scenario is suitable, here dense urban scenario doesn’t mean HetNet scenario and doesn’t take small cells under macro layer into account, in some cases UMa  scenario can also be considered if deemed necessary, however it is advisable not to increase too much simulation workload.
· Channel model: there are few specification defining channel models in 3GPP, however 38.901 is comprehensive which covers all frequency ranges, channel model specified in 38.901 shall be used for evaluation.
Few other details can be found in the table below:

	Parameter
	Value

	Numerology
	15KHz SCS

	System bandwidth
	10MHz

	Antenna configuration at TRxP
	128Tx cross-polarized antennas

(M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)

	Antenna configuration at UE
	4Rx cross-polarized antennas

(M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2)

	DMRS configuration
	Type II, up to 12 ports, dynamic

	System overhead
	PDCCH, SSB, CSI-RS, TRS, DMRS

	Traffic model
	Full buffer, FTP

	Scheduling
	MU-PF, up to 12 layers

	Reciever 
	MMSE-IRC

	Feedback periodicity
	5 slots

	Feedback delay
	6 slots

	Wrapping method
	Geographical distance based wrapping


1.2. Initial simulation results

In this section we provide priliminary simulation results comparing Rel-15 NR Type II CSI against following options, simulation assumptions are provided in appendix.
· Baseline: Type II CSI feedback per subband, used as the baseline.

· Scheme 1: Type II CSI feedback on odd subbands, CSI of a even-numbered subband equals to an adjacent odd-numbered subband.
· Scheme 2: Type II CSI feedback on subbands with double size.
· Upperbound: Subband eigen-vector feedback is also evaluted as the target upperboound to reach.

The performance comparison are depicted in Figure 1.
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Figure 1: Comparison of Type II CSI feedback options
Observation 1: For simply overhead reduction schemes by halfing the number of Type II CSI feedback subbands, scheme 1 degrades 6.7% and 18.4% in cell average spectral efficiency and 5th percentile spectral efficiency, while scheme 2 performs close to the baseline.
We also evaluate the performance of Type II CSI with rank extended to 4. The results are shown in Figure 2.
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Figure 1: Comparison of Type II CSI feedback with rank extended to 4

Observation 2: With rank extended to 4, marginal performance gain is observed compared with rank 1~2.

4. Conclusion

In this contribution we discussed the scenarios and assumptions for evaluation of overhead reduction for Type II CSI feedback, and provided initial simulation results. Further investigation is necessary for overhead reduction. We have following observations through initial evaluations:
Observation 1: For simply overhead reduction schemes by halfing the number of Type II CSI feedback subbands, scheme 1 degrades 6.7% and 18.4% in cell average spectral efficiency and 5th percentile spectral efficiency, while scheme 2 performs close to the baseline.
Observation 2: With rank extended to 4, marginal performance gain is observed compared with rank 1~2.
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Appendix:
Simulation assumptions

	Parameter
	Value

	Multiple access
	OFDMA

	Duplexing
	FDD

	Frame structure
	Full downlink

	Network synchronization
	Synchronized

	Numerology
	15KHz SCS , 14 OFDM symbol slot

	Simulation bandwdith
	10MHz

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Channel model
	UMa-dense urban, TR38.901

	Antenna configuration at TRxP
	128Tx cross-polarized antennas

(M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)

	Antenna configuration at UE
	4Rx with 0°, 90° polarization
(M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2)

	Transmit power per TRxP
	41 dBm

	TRxP number per site
	3

	Mechanic tilt
	90° in GCS (pointing to the horizontal direction)

	Electronic tilt
	105° in LCS

	Scheduling
	MU-PF, up to 12 layers

	ACK/NACK delay
	The next available UL slot

	Re-transmission delay
	The next 3 available DL slot after receiving NACK

	BS receiver type
	MMSE-IRC

	CSI feedback
	5 slots period based on non-precoded CSI-RS with 6 slots delay

	Precoder derivation
	NR Type II codebook (4 beams, WB+SB quantization, 8 PSK)

	Channel estimation
	Non-ideal
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