
Page 1

3GPP TSG RAN WG1 #105-e																			R1-2104939
e-Meeting, May 10th – 27th, 2021

Source:	Intel Corporation
Title:	On Rel-17 TEI enhancement
Agenda item:	8.16
Document for:	Discussion and Decision
1. Introduction
In this contribution, we propose two enhancements related to MU-MIMO operation in NR for both downlink and uplink transmission and reception:
· The first MU-MIMO enhancement is targeting removal of the existing restrictions on the use additional DM-RS ports in two-symbol DM-RS configuration in FR2 for downlink transmission with PTRS enabled. That restriction limits the MU-MIMO transmission and reception to a maximum of 4 MIMO layers for DM-RS Type 1 and 6 MIMO layers for DM-RS Type 2 which is not desirable considering support of massive MIMO antenna system in FR2.
· The second MU-MIMO enhancement is targeting MU-MIMO support in DSS scenario by allowing efficient pairing of the LTE and NR users in the uplink based on orthogonal DM-RS antenna ports. 
2. Removal of DM-RS restriction for DL MU-MIMO
Motivation for the enhancement
According to the Rel-15 NR specification, when PTRS is configured, the DM-RS antenna ports 1004-1007 and or 1006-1011 is not allowed for scheduling for the same and other UEs. 
	[bookmark: _Hlk500828751]TS 38.214 [1]
If a UE receiving PDSCH scheduled by DCI format 1_2 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-ForDCI-Format1-2 or dmrs-DownlinkForPDSCH-MappingTypeB-ForDCI-Format1-2 or a UE receiving PDSCH scheduled by DCI format 1_0 or DCI format 1_1 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.



In practical scenarios, this assumption is translated into restricted MU-MIMO support limited to a maximum of two UEs (with two MIMO layers per UE) for type 1 DM-RS (see Figure 4-a) and maximum of three UEs (with two MIMO layers per UE) for type 2 DM-RS. That restriction is not desirable considering efficient MU-MIMO support in FR2 with massive antennas, where MU-MIMO multiplexing dimension can be doubled without corresponding assumption (see Figure 4-b).



				
(a) MU-MIMO with DM-RS restriction			(b) Proposed MU-MIMO w/o DM-RS restriction
Figure 1 Illustration of MU-MIMO support in FR2 with PTRS
It should be noted that in spite of the above restriction, two symbol front-loaded DM-RS configuration is still allowed by specification for transmission of DM-RS ports 1000-1003 and 1000-1005 for DM-RS type 1 and type 2 respectively. Moreover, transmission of the additional DM-RS symbol in the later part of the slot is also allowed.
[image: ]			[image: ]
[bookmark: _Ref71571417]Figure 2 Illustration of used DM-RS configurations for LLS evaluations
To demonstrate the performance impact on PDSCH due to use of different DM-RS antenna ports, a link-level evaluation of NR system in FR2 were carried out for single-symbol and two-symbols front-loaded DM-RS configuration (see Figure 2). For the baseline, single DM-RS symbol configuration with DM-RS antenna ports {0, 1} transmitted to UE were used. For the proposed enhancement, two symbol DM-RS configuration with DM-RS antenna ports {0, 4} transmitted to UE were considered. This combination corresponds to restricted antenna port entry 24 in Table 7.3.1.2.2-2 of TS 38.212 not allowed for transmission when PTRS is enabled. In addition to front-loaded DM-RS, the additional DM-RS was transmitted in the later part of the slot to improve channel estimation performance. TBS were selected according to target spectral efficiency of the evaluated MCS = {22, 24, 26, 28} taking into account DM-RS overhead. The remaining evaluation assumptions are provided in Table 1. 
[bookmark: _Ref71588307]Table 1 Link-level evaluation assumptions for PDSCH
	Assumptions
	Value

	Carrier Frequency [GHz]
	28GHz

	Subcarrier Spacing [kHz]
	120kHz

	Bandwidth [MHz]
	200MHz

	Number of RBs
	64

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDL-A (5ns DS) 

	Antenna Configuration 
	2x2

	Mobility
	3 km/hr

	TRP PN Model
	TR38.803 example 2 BS PN profile

	UE PN Model
	TR38.803 example 2 UE PN profile

	Channel Estimation
	Realistic channel estimation

	Transmission Rank per UE
	Rank 2

	PDSCH SLIV
	S=2, L=12

	PTRS Configuration
	K = 4, L = 1



The BLER vs SNR performance results for PDSCH are presented in Figure 3. It can be seen that DM-RS ports {0,4} shows better performance comparing to DM-RS ports {0,1}. The performance improvement can be explained by better channel estimation in the former DM-RS configuration. To this end, no clear impact of the phase noise tracking on the performance of DM-RS ports {0,4} comparing to DM-RS ports {0,1} was observed, questioning motivation of the exiting DM-RS restrictions.
[image: ]
[bookmark: _Ref71573639]Figure 3 Link-level performance of NR in the presence of phase noise for DM-RS antenna ports {0,1} and {0,4}

Based on the above results, the existing DM-RS restriction in NR specification which doesn’t not allow DM-RS ports 1004-1007 or 1006-1011 usage with PT-RS ports is not well justified and should be considered for removal, since  it noticeably limits efficiency of MU-MIMO transmission in FR2.
Observation: 
· DM-RS port restriction on use of ports 1004-1007 for type 1 and ports 1006-1011 for type 2 is not well justified while significantly limits MU-MIMO efficiency of NR system

Based on the observations above the following proposal is made:
Proposal #1:
· For DL MU-MIMO enhancement in Rel-17:
· Remove restriction on use of DM-RS ports 1004-1007 for type 1 and 1006-1011 for type 2 when PTRS is transmitted to the UE
· Define new Rel-17 UE capability for that feature 
· Adopt proposed TP in Section 1.2 as part of Rel-17 TEI

Text proposal
	[bookmark: _Toc11352102][bookmark: _Toc20317992][bookmark: _Toc27299890][bookmark: _Toc29673155][bookmark: _Toc29673296][bookmark: _Toc29674289][bookmark: _Toc36645519][bookmark: _Toc45810564][bookmark: _Toc60777140]TS 38.214 [1]
5.1.6.2	DM-RS reception procedure
….
If a UE receiving PDSCH scheduled by DCI format 1_2 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-ForDCI-Format1-2 or dmrs-DownlinkForPDSCH-MappingTypeB-ForDCI-Format1-2 or a UE receiving PDSCH scheduled by DCI format 1_0 or DCI format 1_1 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB, and UE doesn’t provide [Placeholder for UE capability parameter],  the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.



3. Uplink MU-MIMO enhancement for DSS
1 
Motivation for the 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 / Rel-17. So far, the DSS enhancements in 3GPP are mainly focused on downlink transmission. At the same time MU-MIMO is considered as key multiplexing option for uplink transmission. The multiplexing in spatial domain between LTE and NR users may not be feasible in the existing NR system due to incompatible DM-RS. As the result spectral efficiency of the NR / LTE systems in the uplink may be degraded. The performance, however, can be improved by allowing uplink MU-MIMO transmission of LTE and NR users (see Figure 4). To support efficient multiplexing, DM-RS enhancement based on orthogonal ports between LTE and NR is required.  
[image: ]				[image: ]
(a) without uplink DSS						(b) with proposed uplink DSS
[bookmark: _Ref71578016]Figure 4 Illustration of uplink MU-MIMO transmission scenarios
More specifically, to support DSS between LTE and NR users, 5G NR should support additional DM-RS pattern with the same DM-RS symbol positions as in LTE (see Figure 5). In addition, NR DM-RS sequence should be the same within uplink slot.
[image: ]
[bookmark: _Ref71586311]Figure 5 New DM-RS positions to support orthogonal multiplexing of DM-RS ports for LTE and NR
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. Since the corresponding DM-RS port multiplexing options (i.e. TD-OCC or different CDM group) can be supported for generic DM-RS sequences, the corresponding DM-RS multiplexing options should be applicable for different waveforms supported in NR (CP-OFDM) and DFT-s-OFDM (supported LTE and NR).
Proposal #2:
· For UL MU-MIMO enhancement in Rel-17:
· Support MU-MIMO between LTE and NR users using orthogonal DM-RS antenna ports
· Define new DM-RS position and the same DM-RS sequence in the slot for NR depending on higher layer configuration
· Adopt proposed TP in Section 2.2 as part of Rel-17 TEI

Text proposal
	TS 38.211 [2]
[bookmark: _Toc19796453][bookmark: _Toc26459679][bookmark: _Toc29230329][bookmark: _Toc36026588][bookmark: _Toc45107427][bookmark: _Toc51774096][bookmark: _Toc66811252]6.4.1.1.3	Precoding and mapping to physical resources 
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The position(s) of the DM-RS symbols is given by  and duration  where
-	 is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PUSCH resources in the slot for PUSCH mapping type A according to Tables 6.4.1.1.3-3, Table 6.4.1.1.3-3A and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or 
-	 is the duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or
-	 is the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used. 
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is not configured, or for a msgA transmission msgA-MaxLength in msgA-DMRS-Config is not configured, the tables shall be used according to single-symbol DM-RS
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 'len2', the associated DCI or configured grant configuration determines whether single-symbol or double-symbol DM-RS shall be used
-	if the higher-layer parameter msgA-MaxLength in msgA-DMRS-Config is equal to 'len2', double-symbol DM-RS shall be used
-	if the higher-layer parameter dmrs-AdditionalPosition is not set to 'pos0' and intra-slot frequency hopping is enabled according to clause 7.3.1.1.2 in [4, TS 38.212] and by higher layer, Tables 6.4.1.1.3-6 shall be used assuming dmrs-AdditionalPosition is equal to 'pos1' for each hop.
For PUSCH mapping type A, 
-	the case dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
- 	dmrs-AdditionalPosition-r17 in Table 6.4.1.1.3-3A is only supported when dssUplinkDMRS and frequencyShift7p5khz are configured
-	 symbols in Table 6.4.1.1.3-4 is only applicable when dmrs-TypeA-Position is equal to 'pos2'.
For msgA transmitted using PUSCH mapping type A, 
-	the case msgA-DMRS-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
-	'dmrs-AdditionalPosition' in Tables Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS-AdditionalPosition;
-	only PUSCH DM-RS configuration type 1 is supported.
For msgA transmitted using PUSCH mapping type B, 
-	'dmrs-AdditionalPosition' in Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS-AdditionalPosition;
-	only PUSCH DM-RS configuration type 1 is supported.


The time-domain index  and the supported antenna ports  are given by Table 6.4.1.1.3-5. 
Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.
	

	CDM group

	
	[image: ]
	[image: ]
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	0
	0
	0
	+1
	+1
	+1
	+1

	1
	0
	0
	+1
	-1
	+1
	+1

	2
	1
	1
	+1
	+1
	+1
	+1

	3
	1
	1
	+1
	-1
	+1
	+1

	4
	0
	0
	+1
	+1
	+1
	-1

	5
	0
	0
	+1
	-1
	+1
	-1

	6
	1
	1
	+1
	+1
	+1
	-1

	7
	1
	1
	+1
	-1
	+1
	-1



Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.
	

	CDM group 
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	0
	0
	0
	+1
	+1
	+1
	+1

	1
	0
	0
	+1
	-1
	+1
	+1

	2
	1
	2
	+1
	+1
	+1
	+1

	3
	1
	2
	+1
	-1
	+1
	+1

	4
	2
	4
	+1
	+1
	+1
	+1

	5
	2
	4
	+1
	-1
	+1
	+1

	6
	0
	0
	+1
	+1
	+1
	-1

	7
	0
	0
	+1
	-1
	+1
	-1

	8
	1
	2
	+1
	+1
	+1
	-1

	9
	1
	2
	+1
	-1
	+1
	-1

	10
	2
	4
	+1
	+1
	+1
	-1

	11
	2
	4
	+1
	-1
	+1
	-1




Table 6.4.1.1.3-3: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled and dssUplinkDMRS is not configured.
	 in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	<4
	-
	-
	-
	-
	[image: ]
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	[image: ]
	[image: ]

	4
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	5
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	6
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	7
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	8
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	[image: ], 7
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	[image: ], 3, 6
	[image: ], 3, 6

	9
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	[image: ]
	[image: ], 6
	[image: ], 3, 6
	[image: ], 3, 6

	10
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	[image: ], 6, 9
	[image: ], 6, 9
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	[image: ], 8
	[image: ], 4, 8
	[image: ], 3, 6, 9

	11
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	[image: ], 6, 9
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	12
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	[image: ], 5, 8, 11
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	13
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	14
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Table 6.4.1.1.3-3A: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled and dssUplinkDMRS is configured.
	 in symbols
	
DM-RS positions 

	
	PUSCH mapping type A

	
	dmrs-AdditionalPosition-r17

	
	pos0
	pos1

	10
	3
	10

	11
	3
	11

	12
	3
	12

	13
	3
	13

	14
	3
	14




Table 6.4.1.1.3-4: PUSCH DM-RS positions  within a slot for double-symbol DM-RS and intra-slot frequency hopping disabled and dssUplinkDMRS is not configured.
	 in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	<4
	-
	-
	
	
	-
	-
	
	

	4
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	-
	-
	
	

	5
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	7
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	9
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ], 5
	
	

	10
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, 8
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	11
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, 8
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	12
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, 8
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	13
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, 10
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	14
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Table 6.4.1.1.3-5: PUSCH DM-RS time index .
	DM-RS duration
	
	Supported antenna ports 

	
	
	Configuration type 1
	Configuration type 2

	single-symbol DM-RS
	0
	0 – 3
	0 – 5

	double-symbol DM-RS
	0, 1
	0 – 7
	0 – 11




Table 6.4.1.1.3-6: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping enabled and dssUplinkDMRS is not configured. 
	  in symbols
	DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B


	
	
	
	

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos0
	pos1
	pos0
	pos1

	
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop

	≤3
	-
	-
	-
	-
	-
	-
	-
	-
	0
	0
	
	0

	4
	2
	0
	2
	0
	3
	0
	3
	0
	0
	0
	
	0

	5, 6
	2
	0
	2
	0, 4
	3
	0
	3
	0, 4
	0
	0
	
	0, 4

	7
	2
	0
	2, 6
	0, 4
	3
	0
	3
	0, 4
	0
	0
	
	0, 4


…
[bookmark: _Toc19796449][bookmark: _Toc26459675][bookmark: _Toc29230325][bookmark: _Toc36026584][bookmark: _Toc45107423][bookmark: _Toc51774092][bookmark: _Toc66811248]6.4.1	Reference signals
[bookmark: _Toc19796450][bookmark: _Toc26459676][bookmark: _Toc29230326][bookmark: _Toc36026585][bookmark: _Toc45107424][bookmark: _Toc51774093][bookmark: _Toc66811249]6.4.1.1	Demodulation reference signal for PUSCH
[bookmark: _Toc19796451][bookmark: _Toc26459677][bookmark: _Toc29230327][bookmark: _Toc36026586][bookmark: _Toc45107425][bookmark: _Toc51774094][bookmark: _Toc66811250]6.4.1.1.1	Sequence generation
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or 0_2, or by a PUSCH transmission with a configured grant; 
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI; 
-	 are, for each msgA PUSCH configuration, given by the higher-layer parameters msgA-ScramblingID0 and msgA-ScramblingID1, respectively, in the msgA-DMRS-Configuration IE if provided and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 38.213];
-	  otherwise;
[bookmark: _Hlk26403688]-	 and  are given by
-	if the higher-layer parameter dmrs-Uplink in the DMRS-UplinkConfig IE is provided

	where  is the CDM group defined in clause 6.4.1.1.3.
-	otherwise 

The quantity  = 1 if dssUplinkDMRS is not configured,  = 0 otherwise.
The quantity  is
-	indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 or 0_2, in [4, TS 38.212] is used;
-	indicated by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant; 
-	determined by the mapping between preamble(s) and a PUSCH occasion and the associated DMRS resource for a PUSCH transmission of Type-2 random access process in [5, TS 38.213];
-	otherwise .


4. Conclusion
In this contribution, TEI enhancements related to MU-MIMO operation for downlink and uplink transmission and reception were proposed. The following proposals were made:
· For DL MU-MIMO enhancement in Rel-17:
· Remove restriction on use of DM-RS ports 1004-1007 for type 1 and 1006-1011 for type 2 when PTRS is transmitted to the UE
· Define new Rel-17 UE capability for that feature 
· Adopt proposed TP in Section 1.2 as part of Rel-17 TEI
· For UL MU-MIMO enhancement in Rel-17:
· Support MU-MIMO between LTE and NR users using orthogonal DM-RS antenna ports
· Define new DM-RS position and the same DM-RS sequence in the slot for NR depending on higher layer configuration
· Adopt proposed TP in Section 2.2 as part of Rel-17 TEI
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