
Page 1

3GPP TSG RAN#93-e 																						RP-212350
13th – 17th, September 2021 

Source:	Intel Corporation
Title:	On DSS enhancement for uplink MU-MIMO in Rel-18
Agenda item:	9.0.2
Document for:	Discussion and Decision
1. Introduction
In this contribution, we discuss possible DSS enhancement for Rel-18 focusing on scenarios with small fraction of LTE users. We propose to improve MU-MIMO support in NR by allowing pairing of the LTE and NR users in the uplink based on orthogonal DM-RS antenna ports. By using system-level simulation, we demonstrate that the spectral efficiency of NR system with DSS can be significantly improved by using proposed SDM (MU-MIMO) multiplexing of LTE and NR users comparing to current DSS system supporting only TDM/FDM. 
2. Target scenario for Rel-18 DSS enhancement
Dynamic spectrum sharing (DSS) has attracted a lot of attention in 3GPP as a tool that provides efficient migration from LTE to NR radio access technology. DSS allows LTE and NR to share the same carrier by dynamically allocating resources to LTE or NR users depending on the traffic loading conditions. In 5G NR DSS is supported starting from Rel-15 and was further enhanced in Rel-16 and Rel-17. For Rel-18 several other enhancements were proposed to further improve DSS performance [1]. 
It should be noted that commercialization Rel-18 NR features including DSS is not expected earlier than by 2024. Although LTE users may still be present by the corresponding timeframe, their relative ratio comparing to NR user should be substantially reduced. As the result DSS enhancements in Rel-18 should primarily focus on the scenario, where the number of NR users noticeably exceeds that the number of LTE users.
Proposal#1: 
· Focus Rel-18 DSS enhancement on the scenarios with small number of LTE users comparing to the number of NR users
3. Uplink MU-MIMO enhancement for DSS
1 
2 
3 
Motivation for the enhancement
One of the possible enhancements targeting the scenario with small number of LTE users is support of uplink MU-MIMO between LTE and NR users. In NR system MU-MIMO is considered as key transmission scheme which in combination with massive MIMO antenna system allows efficient pairing of users on the same time and frequency resource. The multiplexing in spatial domain between LTE and NR users, however, is not be possible in the current DSS systems due to incompatible DM-RS patterns of LTE and NR systems. As the result the advantages offered by massive MIMO antenna system can’t be achieved and spectral efficiency of NR system in the uplink may be significantly degraded especially when the relative number of LTE users becomes small. 
The problem is illustrated in Figure 1a in more details, where scenario with small number of LTE users is illustrated. Due to lack of MU-MIMO support between LTE and NR, a large portion of the spectrum should be allocated to LTE user served in SU-MIMO transmission scheme (see Figure 1a). Such transmission scheme, however, is very inefficient and degrades overall NR system performance. At the same time spectral efficiency of the system can be improved by allowing uplink MU-MIMO transmission of LTE and NR users as illustrated in Figure 1b. 
[image: ] 			[image: ] 
(a) without MU-MIMO uplink DSS						(b) with proposed MU-MIMO uplink DSS
[bookmark: _Ref71578016]Figure 1 Illustration of uplink MU-MIMO transmission scenarios
To support proposed MU-MIMO multiplexing, DM-RS enhancement based on orthogonal ports between LTE and NR is required. Such DM-RS enhancements are needed to enable accurate channel estimation for subsequent inter-user interference suppression.  For example, 5G NR may support additional DM-RS pattern with the same DM-RS symbol positions as in LTE (see Figure 2). In addition, NR DM-RS sequence within slot could be made the same. In this case, the orthogonal multiplexing between NR and LTE DM-RS can be achieved, by relying on Rel-10 LTE DM-RS with time domain OCC (i.e., {1,-1}) or using Rel-14 LTE DM-RS with comb structure. To simplify scheduling implementation, different TD-OCC or comb can be allocated to LTE and NR users on semi-static basis minimizing interaction between LTE and NR scheduling. 
[image: ]
[bookmark: _Ref71586311]Figure 2 New DM-RS positions to support orthogonal multiplexing of DM-RS ports for LTE and NR
Performance evaluations
To demonstrate the performance benefits of the proposed MU-MIMO enhancement for DSS, system-level evaluations were carried out in UMa scenario with 20% of LTE users and 80% of NR users. For evaluation FTP traffic model 1 with different traffic loads was used. The results of the proposed DSS enhancement (‘Joint’) comparing to the existing DSS system (‘Separate’) are presented in Figure 3 and Table 1. 
[image: ]
[bookmark: _Ref81572813]Figure 3 UE throughput for DSS system with and without MU-MIMO between LTE and NR users
It can be seen from the results, that current DSS system without MU-MIMO support between LTE ad NR users has noticeable performance loss comparing to the proposed DSS enhancement. Degradation is observed for the cell-edge users under all considered traffic loading conditions.
[bookmark: _Ref81572828]Table 1 UE throughput for DSS system with and without MU-MIMO between LTE and NR users
	Traffic loading
	Low
	Medium
	High
	Very high

	LTE-NR Scheduling
	Joint
	Separate
	Joint
	Separate
	Joint
	Separate
	Joint
	Separate

	TP, Mb/s
	Average
	41.3 (0%)
	39.8 (-3%)
	38 (0%)
	35 (-8%)
	29.4 (0%)
	24.7 (-16%)
	18.9 (0%)
	16.8 (-11%)

	
	5% CDF
	25.2 (0%)
	20.1 (-20%)
	21.3 (0%)
	15.6 (-27%)
	11.7 (0%)
	8.6 (-26%)
	6.2 (0%)
	5.2 (-15%)

	
	50% CDF
	40 (0%)
	38.8 (-3%)
	36.4 (0%)
	34.2 (-6%)
	28 (0%)
	22.2 (-21%)
	16.9 (0%)
	13.4 (-20%)

	Resource Utilization
	20 %
	21 %
	39 %
	40 %
	68 %
	72 %
	90 %
	91 %


Based on the results above it is observed that uplink MU-MIMO support between LTE and NR users is beneficial for the scenarios with small number of LTE users. We, therefore, propose to introduce the corresponding spectral efficiency enhancement for DSS in Rel-18. 
Proposal #2:
· For DSS spectral efficiency enhancement in the scenario with small fraction of LTE users, support uplink MU-MIMO between LTE and NR users using orthogonal DM-RS antenna ports
4. Conclusion
In this contribution, DSS enhancements for Rel-18 is discussed. The following proposals were made.
· Focus Rel-18 DSS enhancement on the scenario with small number of LTE users comparing to the number of NR users
· For DSS spectral efficiency enhancement in the corresponding scenario with small fraction of LTE users, support uplink MU-MIMO between LTE and NR users using orthogonal DM-RS antenna ports
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