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[bookmark: _Toc116995841]Introduction
In RAN #96, a new RAN4 WI “NR_ENDC_RF_FR1_enh2” was approved [1] with the following objectives defined regarding the performance aspects of Rel-18 FR1:
	[bookmark: OLE_LINK22]The objectives of performance part for Rel-18 RF FR1 requirement focus evolution include:
· Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices
· Specify the BS demodulation performance requirements to support UL 4-layer MIMO UE operation
·  Enable 8Rx for CPE/FWA/vehicle/industrial devices
· Specify RLM test cases to support 8Rx
· Investigate if the existing 4Rx RLM test can be reused or the new test will be specified
· Specify UE demodulation performance and CSI requirements with up to 8 layers to support 8Rx
· Investigate and, if necessary, specify the requirements with up to 8 DL MIMO layers
· Specify the SDR requirements with 8 MIMO layers
· Specify release independence requirements in TS 38.307 if needed.




Hence, given this plenary agreement, it is needed that the performance requirements of the BS demodulator are agreed, in order to define the minimum performance requirements of a 5G NR BS, for the demodulation of PUSCH when utilizing 4Tx in FR1.
	The objectives of core part for Rel-18 RF FR1 requirement focus evolution include:
[bookmark: OLE_LINK19]Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices [RAN4]
· Investigate framework and architecture Example bands:
· TDD bands: n41, n77/n78
· FDD bands: n1
· Note 1: the total number of example bands should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
·   Specify the UE RF requirements to support 4Tx
· First priority: 4x4 UL MIMO
· Second priority: investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port 
· PA configuration assumption:
· First priority: 4x23dBm
· Second priority: 2x23dBm + 2x26dBm, 4x26dBm
· UE power class
· First priority: PC 1.5
· Second priority: PC2/PC3, and/or new power class if needed
· Note 1: PC1.5 is only applicable for TDD bands
· Note: detailed combinations for 2nd priority PA/UE power class assumptions are to be revisited in RAN#97



During RAN4#106 a WF was agreed for 4Tx simulation activity, with the following parameters agreed [2].
	Sub-topic 2-1 Bandwidth and SCS
Agreement: 
· For 15kHz: 
· 5MHz requirement will be introduced
· 20MHz and 50MHz for initial simulation, and then choose one for performance requirements definition.
· For 30kHz: 10MHz and 100MHz requirement will be introduced

Sub-topic 2-2 MIMO layers
Agreement: Only consider rank 4 for performance requirements definition.

Sub-topic 2-6 Antenna configuration
Agreement: 
· For initial simulation: include both 4x4 and 4x8
· For the testing of performance requirement, only the performance for the highest supported Rx is used for testing if agreed to define performance requirements for both 4x4 and 4x8.
Sub-topic 2-11 Simulation assumptions
Agreement: 
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3dB

	
	DM-RS port
	{0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A and B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0, FFS on 4

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.


 




In this contribution we present our view on the BS demodulation aspects regarding 4Tx and “NR_ENDC_RF_FR1_enh2”.

[bookmark: _Toc116995842]Discussion
The feature for 4Tx layers was introduced in 3GPP as part of 5G NR release 15, in order to provide increased channel diversity and thus enable more robust and higher data throughput for a given reference channel, beyond that provided by 2Tx layers. In NR Rel-15 the introduced performance requirements are limited to 2Tx and 2 layers. As agreed in the WID [1] and at RAN4 #106 [2] RAN4 will work to agree the performance requirements for BS Demodulation on 4Tx.
Simulation Parameters
As per the WF[2] several simulation parameters were agreed at RAN4#106 for 4Tx BS Demodulation, full simulation of these results can be found in the supporting TDoc [3].
A summary of the simulation parameters can be observed in Table 1, where all scenarios will be tested with a metric of 70% of maximum throughput

[bookmark: _Ref130808576][bookmark: _Ref131162212]Table 1 : Simulation Parameters for 4Tx following RAN4# 106
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3dB

	
	DM-RS port
	{0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A and B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0, FFS on 4

	Code block group based PUSCH transmission
	Disabled

	Antenna Configuration
	4T4R and 4T8R

	Bandwidth and SCS
	BW
	SCS

	
	5 MHz
	15 kHz


	
	20 MHz
	

	
	50 MHz
	

	
	10 MHz
	30 kHz

	
	100 MHz
	

	Propagation Conditions and MCS
	Propagation 
	MCS (Table 1)

	
	TDLA 30 - 10
	16

	
	
	17

	
	
	20

	
	TDLB 100-400
	2

	
	TDLC 300-100
	12

	
	
	16

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



Use Case Results
As this WI aims to specify the demodulation performance requirements for 4Tx UL targeting several use cases, which target a wide variety of operating environments for 5G NR, including Fixed Wireless Access (FWA), Customer Premise Equipment (CPE), vehicle and industry, these initial results of these will be presented according to these use cases.
When specifying the propagation conditions and MCS these were focused on the use cases defined and therefore these MCS and propagation conditions are intrinsically tied to the use case themselves.
These use cases, and associated simulation results will be discussed in the following sections.
In each subsection, the use case dependent parameters will be explored, and specific observations and recommendations made.
Bandwidth, SCS and MCS
As these are agreed within [2] for all use cases these should remain as is.
[bookmark: _Toc131673371]BW, SCS, Propagation and MCS choices were agreed at RAN4#106 and should remain unchanged, as detailed in Table 1.
CPE/FWA Use Case
CPE and FWA have been specified as use cases for 4Tx capability within [1]. FWA will require stable, high throughput communications in order support enhanced throughput for the CPE.
At RAN4#106 it was agreed that TDLA 30-10 would be used along with MCS 16,17 and 20 (from Table 1 of [4]) to provide a representative channel and MCS for CPE/FWA use cases.
For these channels all possible BW, SCS, PUSCH mapping types, and Antenna Configurations as defined in the WF [2] shall be used, with only TPMI 0 in these scenarios.
Note: We remind at this occasion that the TPMI selection does not matter for performance in TDL channel models without (spatial) correlation matrices. Hence, we do not have our later proposal of TPMI 4 included in this use case.
PUSCH Mapping Type A vs Type B
As can be observed from the results shown in [3] for the case of TDLA 30-10 no noticeable performance difference between PUSCH mapping type A and type B was observed.
[bookmark: _Ref131167684]Table 2 : Partial extract of results from [3] TDLA 10-30, TPMI 0
	Parameter
	SNR Value (@ 70% TPUT)
ideal

	Rank
	Ant.
	SCS
	BW
	MCS

	PUSCH Mapping Type A
	PUSCH Mapping Type B

	Rank4
	4T4R
	15kHz
	5MHz
	16
	15.7
	15.8

	Rank4
	4T4R
	15kHz
	5MHz
	17
	16.2
	16.2

	Rank4
	4T4R
	15kHz
	5MHz
	20
	19.4
	19.4

	[…]
	
	
	
	
	[…]
	[…]

	Rank4
	4T8R
	30kHz
	100MHz
	16
	9.3
	9.4

	Rank4
	4T8R
	30kHz
	100MHz
	17
	9.8
	9.9

	Rank4
	4T8R
	30kHz
	100MHz
	20 
	12.8
	12.8



[bookmark: _Toc131673372]In TDLA 30-10 there is no observed performance degradation between PUSCH Mapping Type B vs Type A. Hence, requirements do not need to be set for both PUSCH Mapping Type A and Type B separately.
[bookmark: _Toc131673373]For TDLA 30-10 scenarios, the same requirements shall be used for PUSCH Mapping Type A and Type B.
Antenna Configuration
As can be observed from the results shown in [3] for the case of TDLA 30-10 channels, between 4T4R and 4T8R there is a discernable performance gain favoring 4T8R between 7.3 and 10 dB; this is to be expected with the increased antenna diversity with 4T8R, especially if it fixes rank deficiency of the channel from 4R.
[bookmark: _Toc131673374]In TDLA 30-10 there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
[bookmark: _Toc131673375]For TDLA 30-10 scenarios, requirements shall be set for both 4T4R and 4T8R separately.

Vehicular Use Case
In the vehicular use case, it is assumed that a vehicle will be travelling at speeds up to 120 km/h and moving between highly complex multi-path environments and open rural environments with benign multi-path. Therefore, a complex channel with a relatively high doppler spread would emulate the conditions that we expect to be seen in this use case.
During RAN4#106 it was agreed that TDLB 100-400 would be used along with MCS 2 (from Table 1 of [4]) to provide a representative channel and MCS for vehicular use cases.
For these channels all possible BW, SCS, PUSCH mapping types, and Antenna Configurations as defined in the WF [2] shall be used; furthermore, it was agreed that further study on TPMI for requirements would be conducted, to demonstrate the performance benefits of a dense TPMI in these cases, as was discussed in [5]. Therefore, these aspects are raised and discussed in the following section.

PUSCH Mapping Type A vs Type B
As can be observed from the results shown in [3] for the case of TDLB100-400 channels, a noticeable performance loss can occasionally be observed varying between 1.4 and 2.1 dB between DM-RS mapping type A and B. This is expected to be since the different DM-RS location between types, and the variable PUSCH starting symbol in type A causes potentially worse performance in Type B with high doppler, due to difference in max DM-RS to data symbol distance.
[bookmark: _Toc131673376]In TDLB 100-400 there is an observed performance degradation for PUSCH Mapping Type B vs Type A.
[bookmark: _Toc131673377]For TDLB 100-400 scenarios, requirements shall be set for both PUSCH Mapping Type A and Type B separately.

Antenna Configuration
As can be observed from the results shown in [3] for the case of TDLB 100-400 channels, between 4T4R and 4T8R there is a discernable performance gain favoring 4T8R between 3.1 and 9.8 dB; this is to be expected to the increased antenna diversity with 4T8R.
[bookmark: _Toc131673378]In TDLB 100-400 there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
[bookmark: _Toc131673379]For TDLB 100-400 scenarios, requirements shall be set for both 4T4R and 4T8R separately.

“Dense” TPMI vs. “Sparse” TPMI
As discussed in [5], it was Nokia’s belief that a dense TPMI in a multipath and high doppler channel, such as that experienced by a vehicular use case would offer benefit, and as such requirements should be set not only against TPMI 0, but instead other TPMIs.
In particular, TPMI index that allows to exploit diversity between TX/RX branches (like TPMI 4 or TPMI 3) can increase the diversity gain.
[image: ]
Figure 1: Extract from TS 38.211 on TPMI indexes and corresponding precoding matrices.

Simulations have been conducted in both low and medium correlation channels to show this effect, and when in the medium correlation channel, which would be representative of a vehicular UE, an average of 4.8dB performance gain is observed when utilising TPMI 4 over TPMI 0 across all SCS, BW and Antenna configurations. Results for this can be found in [3].
Note: We remind at this occasion that the TPMI selection does not matter for performance in TDL channel models without (spatial) correlation matrices. However, when choosing the medium (spatial) correlation antenna matrix, we have introduced a spatial preference for the virtual broadside direction, which needs to be matched with the proper precoding vector for a layer to be received with sufficient quality. With the TPMI choice of 4, we strike a balance that all layers are sufficiently well received.
[bookmark: _Toc131673380]When utilising medium correlation, to provide representative antenna port correlation, we have shown TPMI 4 offers on average 4.8 dB performance gain over TPMI 0.
[bookmark: _Toc131673381]Performance requirements shall be set for TPMI 4 in ‘medium correlation’ channel conditions.

Industrial Use Case
The final use case specified in [1] is the industrial use case, we interpret this to specifically refer to an ‘Industry 4.0’ environment with a complex RF environment, many devices, and a reliance on autonomous devices.
These assumptions in turn define their own implied requirements of low-latency, high reliability, moderate range, and moderate throughput communications. At RAN4 #106 it was agreed that TDLC 300-100 would be used along with MCS 12 and 16 (from Table 1 of [4]) to provide a representative channel and MCS for Industrial use cases.
For these channels all possible BW, SCS, PUSCH mapping types, and Antenna Configurations would be used, with only TPMI 0 being used in these scenarios.

PUSCH Mapping Type A vs Type B
As can be observed from the results shown in [3] for the case of TDLC 300-100 no noticeable performance difference between PUSCH mapping type A and type B was observed
[bookmark: _Toc131673382]In TDLA 300-100 there is no observed performance degradation between PUSCH Mapping Type B vs Type A.
[bookmark: _Toc131673383]For TDLC 300-100 scenarios, the same requirements shall be used for PUSCH Mapping Type A and Type B.

Antenna Configuration
As can be observed from the results shown in [3] for the case of TDLA 30-10 channels, between 4T4R and 4T8R there is a discernable performance gain favoring 4T8R between 8.5 and 9.5 dB; this is to be expected with the increased antenna diversity with 4T8R.
[bookmark: _Toc131673384]In TDLC 300-100 there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
[bookmark: _Toc131673385]For TDLC 300-100 scenarios, requirements shall be set for both 4T4R and 4T8R separately.


[bookmark: _Toc116995848]Conclusion
During this paper, we have highlighted some of the initial views from 4Tx BS Demodulation requirements following agreement of simulation parameters at RAN4 #106.
Furthermore, we have highlighted the potential requirement to specify denser TPMI for vehicular use cases with medium-correlation channels, which was explicitly identified as FFS at RAN4 #106.
Specifically, in the paper, the following Observations and Proposals were made:
Observation 1: BW, SCS, Propagation and MCS choices were agreed at RAN4#106 and should remain unchanged, as detailed in Table 1.
Observation 2: In TDLA 30-10 there is no observed performance degradation between PUSCH Mapping Type B vs Type A. Hence, requirements do not need to be set for both PUSCH Mapping Type A and Type B separately.
Proposal 1: For TDLA 30-10 scenarios, the same requirements shall be used for PUSCH Mapping Type A and Type B.
Observation 3: In TDLA 30-10 there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
Proposal 2: For TDLA 30-10 scenarios, requirements shall be set for both 4T4R and 4T8R separately.
Observation 4: In TDLB 100-400 there is an observed performance degradation for PUSCH Mapping Type B vs Type A.
Proposal 3: For TDLB 100-400 scenarios, requirements shall be set for both PUSCH Mapping Type A and Type B separately.
Observation 5: In TDLB 100-400 there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
Proposal 4: For TDLB 100-400 scenarios, requirements shall be set for both 4T4R and 4T8R separately.
Observation 6: When utilising medium correlation, to provide representative antenna port correlation, we have shown TPMI 4 offers on average 4.8 dB performance gain over TPMI 0.
Proposal 5: Performance requirements shall be set for TPMI 4 in ‘medium correlation’ channel conditions.
Observation 7: In TDLA 300-100 there is no observed performance degradation between PUSCH Mapping Type B vs Type A.
Proposal 6: For TDLC 300-100 scenarios, the same requirements shall be used for PUSCH Mapping Type A and Type B.
Observation 8: In TDLC 300-100 there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
Proposal 7: For TDLC 300-100 scenarios, requirements shall be set for both 4T4R and 4T8R separately.
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Table 6.3.1.5-7: Precoding matrix 77~ for four-layer transmission using four antenna ports with
transform precoding disabled.
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