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1.	Introduction
In NR, MU-MIMO is adopted as the key technology to support a large number of users with high data rate. However, challenges remain for MU-MIMO when user channels are correlated, and/or channel measurement is inaccurate. Massive MIMO has been introduced as a solution for high density demand areas but faces the challenges such as of energy inefficiency (such as the energy consumption onf the large number of RF chains) and , channel measurement accuracy (more antennas lead to more overheads to feedback the channel)., etc. 
In this contribution, we present Rate-Splitting Multiple Access (RSMA) as an approach to enhance downlink MU-MIMO for both unicast-only delivery, and joint unicast/multicast delivery (such as services delivered by NR MBS - Multicast and Broadcast Services). 
The rest of the document is organised as follows. In section 2 an overview of RSMA is given, while section 3 provides examples of RSMA transceiver implementations. Section 4 and Section 5 provide performance evaluations of RSMA with unicast-only delivery and joint unicast/multicast delivery, respectively. Section 6 provides an overview of other applications of RSMA and Section 7 finishes the contribution with the observations and a proposal.
2.	Motivation of Rate-Splitting Multiple Access (RSMA)
RSMA has emerged as a powerful multiple access technique that unifies many existing multiple access techniques, including Orthogonal Multiple Access (OMA), Spatial Division Multiple Access (SDMA) and Non-orthogonal Multiple Access (NOMA). Numerous research has demonstrated the advantage of RSMA in terms of efficiency, flexibility, robustness, reliability, and low latency [1], [2]. Specifically, RSMA can enhance MU-MIMO and achieve higher data rates for users under either perfect or imperfect Channel State Information at the Transmitter (CSIT).
Observation 1: Rate-Splitting Multiple Access (RSMA) unifies many existing multiple access techniques, including OMA, SDMA and NOMA, and enhances MU-MIMO by achieving higher data rates for users under either perfect or imperfect CSIT.

The key procedures of RSMA are depicted in Fig. 1. Let  be the unicast messages intended for K users. The transmitter first splits into common and private parts,  and , respectively, for .  are combined into a common message, . Then  and  are encoded into  data streams followed by precoding and transmission. At the receiver side, each receiver decodes the common message , and private message, . After extracting  from ,  and  are combined to form the original unicast message  intended for user .
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Fig. 1. RSMA for multi-user MIMO
Fig.2 shows a beam representation of each data stream of RSMA. The power allocated to the different streams is adjusted dependings on many factors including channel orthogonality, channel measurement accuracy, etc.
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Fig. 2. Beam representation of RSMA with different channels
The main challenge oin implementing RSMA lies in the potential requirement on Successive Interference Cancellation (SIC) at the receivers. However, in [3], it has been shown both theoretically and practically that most of the benefit of RSMA can be preserved even with low complexity receivers (i.e., without SIC). 
3.	Transmitter and receiver architectures for RSMA
Fig.2 shows a potential RSMA transmitter implementation based on the NR physical layer. The transmitter takes K Transport Blocks (TBs), where each TB () is intended to one of the K users. Each TB is first de-multiplexed into a common message block () and a private message block ()a. The common message blocks from all the TBs are multiplexed into one common message block, , and the K private message blocks,  to , remain separate. The K+1 blocks then go through channel coding (including scambling and rate-matching), modulation, precoding and resource mapping before being transmitted.
In general, an RSMA receiver decodes the common message block, , and the private message block that is intended forto this user, e.g.,  for the kth user. Fig. 2 depicts five potential RSMA receiver impleelmentations where all of the architectures are based on receiver designs studied in either 3GPP or DVB [4]-[6]. Different implementations have different complexity and performance. In particular, Code Word level SIC (CWIC) performs either hard or soft cancellation for the common stream based on the channel decoding of it (cf. Fig. 3a, Fig. 3b, and Fig. 3c). In contrast, the joint de-mapper and soft Symbol-level Interference Cancellation (SLIC) perform cancellation only based on the de-mapping of the common stream (cf. Fig. 3d and Fig. 3e). Hence, CWIC receivers are expected to outperform joint de-mapping and soft SLIC receivers due the use of the common stream decoding output but introduce extra complexity and delays. Joint de-mapping and soft SLIC receivers are SIC-free designs and lead to lower complexity than SIC-type implementations. [3] provides furthrer details on the receivers in Fig. 3.
Observation 21: Various receiver implementations are valid for RSMA, including non-SIC receivers such as joint de-mapping and soft Symbol-level Interference Cancellation (SLIC).
As we will show in next sections of this document, the same transmitter and receiver architectures for RSMA (as shown in Fig. 2 and Fig.3, respectively) can be used to deliver either unicast -only services (Section 4), or joint  unicast/multicast services (Section 5).
Observation 32: The same transmitter and receiver architecture for RSMA can support multiple delivery modes such as unicast-only and as well as joint unicast/multicast.
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Fig. 2. Transmitter architecture for RSMA
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	(a) Hard CWIC
	(b) Soft CWIC 1
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	(c) Soft CWIC 2
	(d) Joint de-mapping
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	(e) Soft SLIC
	


Fig. 3. Receiver architectures for RSMA
4.	RSMA to enhance unicast MU-MIMO
In this section, the benefit of RSMA for users receiving unicast in high density demand areas is evaluated. We simulate the performance of RSMA with two users served in the given Resource Elements (REs). Ray tracing analysis was performed to generate Clustered Delay Line (CDL) channels based on the physical world environment where the distance between two users is either 20 m (Case 1) or 40 m (Case 2). Precoder designs for the SIC or non-SIC receivers proposed in [3] are used. System parameters (e.g., Duplexing, BW, DM-RS type, etc.) are provided in Appendingx A. Details of the channel model and environment are provided in Appendix B. Apart from RSMA with different receiver implementations, some MU-MIMO benchmarks are also included:
· MU-MIMO+ZF+QPSK/16QAM+SD: MU-MIMO with Zero-Forcing (ZF) precoders. The receivers apply single user detector (only de-map the desired signal). QPSK or 16QAM is used for modulation. 
· MU-MIMO+MRT/RZF+QPSK+JD: MU-MIMO with Maximum Ratio Transmission (MRT) or Regularized Zero Forcing (RZF) precoders. The receivers jointly de-map the desired signal and interference. QPSK is used for modulation. This receiver design originates from studies on advanced receivers for MU-MIMO in [7].
in [7].
The modulation schemes are selected such that different candidates require similar demodulation complexity. For example, RSMA with QPSK for both common and private streams and joint de-mapping at the receivers would requires each receiver to demodulate a sum-constellation of 16 points. MU-MIMO with 16QAM and a single user detector also requires each receiver to demodulate from a 16-point constellation.
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Fig. 4. Unicast (PDSCH) performance of RSMA and MU-MIMO at target spectral efficiencies of 3.4 bits/RE. QPSK for RSMA, QPSK/16QAM for MU-MIMO. Transport Block Error Rate vs. SNR (dB) with realistic channel estimation: 
Case 1: short distance between the two UEs (20m apart).
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Fig. 5. Unicast (PDSCH) performance of RSMA and MU-MIMO at target spectral efficiencies of 3.4 bits/RE. QPSK for RSMA, QPSK/16QAM for MU-MIMO. Transport Block Error Rate vs. SNR (dB) with realistic channel estimation: 
Case 2: long distance between the two UEs (40m apart).
In Fig. 4 and 5, it can be observed that, in Ccase 1, RSMA brings at least 3dB gain in comparison with MU-MIMO, depending on the precoder and receiver designs used for both schemes. In Ccase 2, the RSMA gain reducesd as the channels become less correlated. Prototype implementation of RSMA is treated in [4] where similar observations was were made from hardware experiments.
Observation 43: RSMA with SIC-free receivers (i.e., soft SLIC and joint de-mapping) achieves almost the same performance as SIC receivers (i.e., CWICs).
Observation 54: The benefit of using RSMA in comparison with MU-MIMO increases as users are closer together (e.g., as in high density demand areas), and/or experience a diversity of channel strengths, and/or as the CSIT accuracy degrades, and/or as more fairness among users is captured in the design objective.
5.	RSMA to enhance unicast/multicast MU-MIMO
Joint unicast/multicast can be naturally realized by RSMA by adding multicast contents (e.g., information to deliver a popular live sport event) to the common block (, cf. Fig. 2). In the following results, a multicast TB of 6400 bits and two unicast TBs of 7296 bits are jointly transmitted to two users in each downlink slot with different schemes:
· Orthogonal unicast and multicast (OUM): 12 RBs are allocated to multicast and 40 RBs are allocated to unicast.
· Non-orthogonal unicast and multicast (NOUM): both multicast and unicast blocks are transmitted in all the RBs in a supposition manner. The receivers apply hard CWIC to receiver the two signals.
· RSMA+hard CWIC/soft SLIC: The common stream in RSMA (Wc) includes the entire multicast block and parts of the unicast streams from both users. The receivers apply hard CWIC or soft SLIC.
The same system parameters and CDL channels for Case 1 as in Section 4 are used.
In Fig. 6 and 7, it can be observed that both RSMA and NOUM brings SNR reduction for the multicast delivery in comparison with OUM. In addition, RSMA brings extra SNR reduction for the unicast delivery in comparison with both OUM and NOUM.
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Fig. 6. Multicast and unicast performance of RSMA, OUM, NOUM to deliver 6400 bits for multicast and 7296 bits for unicast per slot: Multicast Transport Block Error Rate vs. SNR (dB) with realistic channel estimation. QPSK for RSMA, QPSK/16QAM for MU-MIMO. Case 1: short distance between the two UEs (20m apart).
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Fig. 7. Multicast and unicast performance of RSMA, OUM, NOUM to deliver 6400 bits for multicast and 7296 bits for unicast per slot: Unicast Transport Block Error Rate vs. SNR (dB) with realistic channel estimation. QPSK for RSMA, QPSK/16QAM for MU-MIMO. Case 1: short distance between the two UEs (20m apart).
Observation 65: RSMA can naturally realize the delivery of joint unicast/multicast.
Observation 76: Non-orthogonal unicast and multicast (NOUM) achieves higher spectral efficiency than Orthogonal unicast and multicast (OUM).
Observation 87: RSMA for joint unicast and multicast achieves higher spectral efficiency than both OUM and NOUM.
6.	Other applications of RSMA
In this contribution we have focused on two particular communication scenarios (i.e., unicast-only delivery and joint unicast/multicast delivery). However, RSMA can also be applied to other communications scenarios. RSMA has been shown to be more beneficial over the conventional techniques in the following scenarios:
· statistical/quantized CSIT
· FDD/TDD Massive MIMO
· mmWave/THz systems
· cooperative and relaying systems
· uplink MU-MIMO with low latency
· multi-cell networks
· coordinated multi-point joint transmission
· satellite communications
· integrated radar sensing and communications
· reconfigurable intelligent surfaces
· network slicing
Readers are referred to [1] for more details on these applications.
Observation 98: RSMA can benefit a wide range of scenarios beyond unicast-only delivery and joint unicast/multicast delivery.
7.	Summary
In this contribution, the following observations have been made:
Observation 1: Rate-Splitting Multiple Access (RSMA) unifies many existing multiple access techniques, including OMA, SDMA and NOMA, and enhances MU-MIMO by achieving higher data rates for users under either perfect or imperfect CSIT.
Observation 21: Various receiver implementations are valid for RSMA, including non-SIC receivers such as joint de-mapping and soft Symbol-level Interference Cancellation (SLIC).
Observation 32: The same transmitter and receiver architecture for RSMA can support multiple delivery modes such as unicast-only and joint unicast/multicast.
Observation 43: RSMA with SIC-free receivers (i.e., soft SLIC and joint de-mapping) achieves almost the same performance as SIC receivers (i.e., CWICs).
Observation 54: The benefit of using RSMA in comparison with MU-MIMO increases as users are closer together (e.g., as in high density demand areas), and/or experience a diversity of channel strengths, and/or as the CSIT accuracy degrades, and/or as more fairness among users is captured in the design objective.
Observation 65: RSMA can naturally realize the delivery of joint unicast/multicast.
Observation 76: Non-orthogonal unicast and multicast (NOUM) achieves higher spectral efficiency than Orthogonal unicast and multicast (OUM).
Observation 87: RSMA for joint unicast and multicast achieves higher spectral efficiency than both OUM and NOUM.
Observation 98: RSMA can benefit a wide range of scenarios beyond unicast-only delivery and joint unicast/multicast delivery.
Based on these observations, we make the following recommendations:
Recommendation: 3GPP RAN to consider a Study Item on Rate-Splitting Multiple Access (RSMA) for MU-MIMO enhancement in Rel-19.
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Appendix A Simulation Parameters
Table A.1: Link level simulation parameters
	Carrier frequency
	4 GHz

	Duplexing
	TDD

	Simulation BW
	20 MHz

	Subcarrier spacing
	30 kHz

	Number of resource blocks
	52

	Channel Model
	CDL channel model customized with ray tracing

	Frame Structure
	TDD with 2 uplink slots per frame for channel measurement and 18 downlink slots per frame for transmission

	Uplink Channel Estimation
	SRS

	Downlink Channel Estimation
	DM-RS (type 1 for MU-MIMO, type 2 for RSMA)

	DM-RS Type
	RSMA: Type 2, MU-MIMO: Type 1 
(for fairness in DM-RS resources)

	Number of Tx antennas at BS
	4

	Number of Rx antennas at UE
	1

	Demodulation Algorithm
	Max-log

	LDPC Decoding Algorithm
	Normalized min-sum decoding with a maximum of 50 iterations

	Modulation
	QPSK for RSMA, QPSK/16QAM for MU-MIMO

	Precoder Design
	See [3]





Appendix B CDL Channel model
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Fig. 7. Environment and location for ray tracing analysis. Left: user 1 in Ccase 1&2; Middle: user 2 in Ccase 1; Right: user 2 in Ccase 2

Table B.1: CDL channel for Case 1&2: user 1
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-0.9691
	-110.6
	-165.9
	114.1
	66.2

	2
	0.0289
	-8.7145
	-110.9
	-171.2
	115.9
	118.9

	3
	6.1292
	-22.0451
	-167.5
	66.4
	95.3
	86.3

	4
	6.3897
	-22.3384
	-169.9
	64.3
	95.0
	84.9

	5
	6.3958
	-24.4383
	-169.9
	64.4
	95.6
	93.5

	6
	6.9785
	-30.9104
	-171.4
	-154.5
	94.7
	86.4

	7
	6.9851
	-32.8210
	-171.4
	-154.8
	95.3
	91.2

	8
	6.9879
	-32.9673
	-171.8
	-172.4
	95.0
	100.7

	9
	7.8525
	-39.7660
	-172.4
	45.0
	94.4
	89.2

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	11
	3
	3
	10



Table B.2: CDL channel for Case 1: user 2
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-3.4679
	-98.1
	179.8
	110.4
	70.0

	2
	0.0247
	-10.1446
	-97.9
	-179.8
	111.9
	116.3

	3
	3.1529
	-21.8833
	-74.9
	-24.5
	98.6
	97.1

	4
	6.9176
	-32.1734
	-168.9
	-168.6
	94.4
	83.1

	5
	6.9234
	-33.9260
	-168.9
	-168.6
	95.0
	95.0

	6
	7.5640
	-40.7762
	-169.9
	51.0
	94.4
	90.9

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	11
	3
	3
	10



Table B.3: CDL channel for Case 2: user 2
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-2.2185
	-86.6
	169.8
	107.0
	73.6

	2
	1.9558
	-6.9575
	-77.4
	-88.2
	99.5
	81.6

	3
	1.9675
	-11.0968
	-77.6
	-93.4
	100.0
	101.7

	4
	2.2456
	-15.8345
	-71.8
	-20.6
	98.6
	80.6

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	11
	3
	3
	10
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