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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



In this contribution we present our view on the BS demodulation aspects, how 4Tx layers differ from 2Tx layers and how those differences may influence the performance requirements of PUSCH. We further include discussion regarding the use cases with respect to simulation configurations to specify the performance in CPE, FWA, Vehicular and Industrial use cases. This discussion of configurations provides the basis for our requirement proposals.

[bookmark: _Toc116995842]Discussion
General 4Tx Description
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.
This 4Tx capability enables the UE to utilize a singular Modulation and Coding Scheme across either 1, 2 or 4 MIMO layers, which are in turn mapped to 4 antenna ports, the Transmit Precoding Matrix Indicator (TPMI) defines these mappings and the mappings for 4 layers can be seen in Table 1 Error! Reference source not found., these TPMIs are allocated to UEs from the BS via the DCI based upon the sounding reference signal.
[bookmark: _Ref125383238][bookmark: _Ref125383229]Table 1 : TPMI for 4Tx with 4 layers
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)
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The feature of 4Tx enables the user to achieve a diverse channel in the spatial/antenna domain via antenna diversity. Such that the receiver observes the signal as transmitted through more diverse channel realizations, this diversity gain allows a series of unpredictable fading channel realizations to be demodulated by the receiver with a performance closer to a stable and predictable frequency-selective fading channel. This increases the throughput for a given reference channel, due to the reduced likelihood of the MCS exceeding the capacity of the instantaneous channel realization.
In order to characterize the gain over 2Tx for the increased diversity of 4Tx, and cover the new use cases, this WI shall conduct analysis to define and specify the performance requirements for BS demodulation from this feature for a variety of use cases as specified in [1].
Demodulation impact
In this section we introduce different aspects and implementation consideration for demodulation regarding the introduction of 4Tx capability on BS demodulation in a variety of use cases.
Since Rel-15 minimum performance requirements for 5G NR have been set that cover up to two Tx antenna with up to two layers, whereby the test parameters were defined in Table 2, from [3], N.B. the Transmit Precoding Matrix (TPMI) for 2Tx was fixed at index 0, which corresponds to a scaled identity matrix.
[bookmark: _Ref125384270]Table 2 : Test parameters for testing PUSCH ([TS 38.104])
	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
	-3 dB

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

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

	Time domain
	PUSCH mapping type
	A, 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 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

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



We note that in TS 38.331 [4] it is defined to be a UE capability to support 4 MIMO layers with regards to PUSCH (FeatureSetUplinkPerCC>maxNumberMIMO-LayersCB-PUSCH>MIMO-LayersUL), as a possible UE enhancement above two layers and above the minimum requirements of one.
Furthermore, the TPMI for these 4 Tx cases are defined in TS 38.211, table(s) 6.3.1.5 (repeated for the 4 layer case in Table 1 above), these TPMIs range from a relatively sparse identity matrix to a dense matrix where all layers are mapped to all ports (with power normalization scaled appropriately).
Whilst up to four layers with four Tx elements are defined within TS 38.211 [2], there only exists two- and one-layer performance with two Tx elements currently within TS 38.104 [3].
This specific element of the WI aims to specify demodulation performance characteristics and extend upon the requirements already defined in TS 38.104 [3].
The 4Tx specification in [2] dictates TPMIs for mapping of 1,2,3 and 4 layers, we expected that the SNR/BLER performance will change as more layers are able to be utilized, which in turn creates a more diverse channel with better TPUT performance and removes TPUT limitations in favorable environments, while increasing the computational load on the receiver.
We expect the biggest changes to be between 1,2 and 4 layers; therefore we recommend that 1, 2 and 4 layers are specified for performance requirements, with 3 layer BS demodulation performance requirements being kept for further study.
[bookmark: _Toc127523560]4 Tx with up to 4 layers have been specified under TS 38.211 [2], yet performance requirements have not been set for four layers for BS demodulation. 
[bookmark: _Toc127523561]We propose that 1, 2 and 4 layers shall be used to define performance requirements for 4Tx.
It is important to also note that previous minimum requirements for PUSCH have been defined at 70% of maximum throughput for the Fixed Reference Channel (FRC), therefore it is recommended that simulations for 4Tx BS demodulation of PUSCH should further be defined at 70% of maximum throughput for the given FRC.
[bookmark: _Toc127523562]Extant performance requirements for PUSCH are defined at 70% of maximum throughput for FRC.
[bookmark: _Toc127523563]We propose that performance requirements are set at 70% of maximum throughput for a given FRC.
Use cases
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 use cases will be discussed in the following sections, where each use case provides unique performance parameters and channel variations.
CPE/FWA
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.
Due to this high throughput requirement, it is recommended that a wide Carrier Bandwidth should be chosen to meet the implied requirements for this use case, out of the carrier bands provided to this study from [1] and specified in [5, TS 38.101], n1 offers maximum 50MHz, and both n41 and n77/78 offer 100MHz. Therefore, either band n41 or n77/78 should be chosen for this reason; equally in the FWA use case, the CPE is looking to optimize link budget, so the lower of these frequency bands would enable less free space path loss, which presents n41 as the most viable band.
As FWA use cases imply a high uplink data throughput and potentially large antenna gain/link budget, hence a relatively high MCS is recommended to be chosen.
Furthermore, as it is likely the CPE and FWA link will likely be deployed as part of a prepared equipment deployment, rather than a mobile ad-hoc deployment, there will be low to no mobility, and a moderate amount of multipath will be observed. Note: the multipath is expected to be moderate/low, as it is expected that the operator will do prior link planning to reduce the multipath and maximize signal strength to the CPE. 

[bookmark: _Toc127523564]For FWA, a carrier with a wide CBW is recommended to be chosen for high throughput performance requirements.
[bookmark: _Toc127523565]We propose that a 100 MHz CBW be chosen for simulation, representing band n41.
[bookmark: _Toc127523566]A relatively high MCS should be defined for this use case in order to maximise throughput.
[bookmark: _Toc127523567]We propose that MCS 20 (table 2) be used for simulation of FWA use cases.
[bookmark: _Toc127523568]CPE equipment is likely to have low to no mobility, with moderate to low multipath
[bookmark: _Toc127523569]We propose that TDLA 30-10 should be utilized for characterizing performance for FWA.
Vehicle
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.
Due to this expected high doppler, we recommend that for these scenarios we would wish to include at least one additional DM-RS (addpos1 or addpos2) to allow the BS to compensate for high-doppler.
In this use case, in comparison to FWA, end user performance is likely to come from reliability and coverage rather than maximum throughput, therefore a lower frequency band, with lower bandwidth could be chosen to optimize performance for the user.
Due to this requirement for reliability and coverage, it would be desirable to understand and define the performance of differing TPMIs for 4 layers in 4Tx in complex channels as we expect that with a more complex multipath performance a denser TPMI will provide enhanced performance of a sparse one.
[bookmark: _Toc127523570]In complex multipath environments a denser TPMI is likely to provide enhanced performance.
[bookmark: _Toc127523571]We propose that for vehicular use cases both TPMI index 0 and index 4 should be utilised for requirements.
[bookmark: _Toc127523572]For vehicular communications, the coverage area is likely to be greater than that of FWA, whilst the desire for data rate is likely to be more modest. Therefore, it is recommended a moderate CBW is chosen, with a lower frequency for maximising coverage.
[bookmark: _Toc127523573]We propose that a 5 MHz CBW with 15kHz SCS, and 10MHz with 30kHz, be chosen for simulation, representing band n1.
[bookmark: _Toc127523574]A modest MCS is recommended for this use case, as the end user wishes to target reliability and coverage whilst travelling.
[bookmark: _Toc127523575]We propose that MCS 2 (table 2), be used for simulation of vehicular use cases within this WI
[bookmark: _Toc127523576]Vehicular use cases are likely to have high mobility (expected speed 120 km/h), and potentially exist in a complex multi-path environment
[bookmark: _Toc127523577]We propose TDLC 300-600 should be utilized for characterizing performance for Vehicular use cases
[bookmark: _Toc127523578]High Doppler from a vehicular use case will likely necessitate additional DM-RS.
[bookmark: _Toc127523579]We propose that an additional DM-RS (pos2 and pos1) be utilised for vehicular use cases.
Industrial
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. 
Due to the implied low-latency requirement, it is feasible that a wide sub-carrier spacing and CBW be chosen for this use case to enable the shortest slot period; because of this reason either n41 or n77 with a CBW of 100 MHz would be suitable. Due to the moderate ranges and cluttered RF environment, it is recommended that n77 would be the optimal choice of carrier band from those proposed in [1]. Within this carrier, it is proposed that a relatively high MCS is utilized to provide high data rate transfer within a short time period to enable the low-latency Command and Control (C2) of autonomous devices.
We expect that within an Industry 4.0 environment that there will be lots of devices and a complex RF propagation environment that will cause severe multi-path and delay spread, whereas we expect there will be limited mobility, so doppler is expected to be low within the reference channel.
[bookmark: _Toc127523580]For Industrial use cases, latency is likely to be the biggest driver for user requirements, with a desire for high data rate. Therefore, it is recommended a moderate CBW is chosen, with 30kHz SCS to reduce latency.
[bookmark: _Toc127523581]We propose that a 20 MHz CBW be chosen for simulation, representing band n77
[bookmark: _Toc127523582]A high data rate MCS is recommended to be chosen for the industrial use case, both for latency and implied data requirements
[bookmark: _Toc127523583]We propose MCS 13 (table 2) be used for simulation of industrial use cases
[bookmark: _Toc127523584]Industrial environments are likely to have low to moderate mobility, yet have a complex multipath environment
[bookmark: _Toc127523585]We propose that TDLC 300-30 should be utilized for characterizing performance for Industrial use cases


Proposed configurations
Within [3, TS 38.104], PUSCH test parameters have already been defined for both the 1Tx and 2Tx cases; in order to retain legacy performance requirements and extend these with those of the 4Tx case as defined within this WI, we propose that we build upon these extant test parameters.
Therefore, we proposed the new test parameters in accordance with Table 3.
[bookmark: _Ref125537315]Table 3 : Proposed new test parameters for testing PUSCH (including 4Tx capability)
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern 
	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
	[ pos2, pos1 ]

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

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

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

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

	Time domain
	PUSCH mapping type
	A, 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 2Tx two-layer spatial multiplexing transmission 
	0

	TPMI index for 4Tx two-layer spatial multiplexing transmission
	[ 0 ]

	Additional TPMI index for 4Tx four-layer spatial multiplexing transmission
	[ 0 , 4 ]

	Code block group based PUSCH transmission
	Disabled



In order to maintain alignment with extant performance specifications we wish to keep the following parameters exactly the same as used previously for testing PUSCH:
· Transform Precoding - Disabled
· TDD UL-DL pattern 
· HARQ Parameters
· DM-RS Configuration type, Duration, CDM group, Ratio of PUSCH EPRE to DM-RS EPRE, and DM-RS sequence generation
· Time domain resource assignments
· Frequency domain resource assignments
· Code block group based PUSCH transmission
Further, we would like to introduce TPMIs beyond index 0 for 4Tx with four layers, including two TPMIs for requirements with four layers, a sparse TPMI (TPMI index 0) and a dense TPMI (TPMI index 4) to define performance requirements in both complex and benign spatial channels, as may be expected in the vehicular use case.
It is open for discussion whether we wish to extend section 8.2.1 of 38.104 [3] directly for the new PUSCH requirements, or define separate new PUSCH requirements for 4Tx, as we note the requirements may wish to be specified only for mapping type B (or A); which would not enable a directly extension of these prior requirements (as the extant requirements cover both mapping types).
[bookmark: _Toc127523586]For this WI, a number of parameters are common for both 2Tx and 4Tx; therefore, in order to maintain commonality with legacy test requirements for PUSCH, these may wish to remain constant for the 4Tx PUSCH parameters
[bookmark: _Toc127523587]We propose that for testing several parameters remain consistent with legacy requirements for PUSCH in TS 38.104 including: Transform Precoding, TDD UL-DL pattern, HARQ Parameters, DM-RS parameters (excluding DM-RS position, and DM-RS Port), Time domain resource assignments, and Frequency domain resource assignments
[bookmark: _Toc127523588]For this WI, if only one type PUSCH mapping type is chosen for requirements, it would not allow for directly expansion of legacy requirements in TS 38.104, where both type A and type B are defined.
[bookmark: _Toc127523589]We propose that within this WI an agreement is made on the PUSCH mapping type chosen, with consideration to extant test parameters for PUSCH requirements.
Comment regarding OTA testing
We would like to further note, that within [6] only 2 Tx elements are able to be specified for OTA testing (along with associated 2 independent demodulation branches), therefore it is only possible to perform conductivity conformance testing for this feature; unless modifications are made to the OTA conformance set up in [6] (Figure E.3-3 – copied below). Therefore only conductivity testing can be completed for this feature as is.
[bookmark: _Toc127523590]Extant OTA testing set ups will not enable any 4Tx OTA testing.
[bookmark: _Toc127523591]We propose that initially conductivity testing is conducted of this feature, FFS on OTA test set-ups to enable OTA testing for this feature.
[image: ]
[bookmark: _Toc116995848]Conclusion
In this contribution, we have explored the implied user requirements for 4Tx BS Demodulation, discussed relevant aspects and made a series of observations and proposals to define the performance requirements of 4Tx BS b demodulation.
Explicitly, in this contribution, the following Observations and Proposals were made:
Observation 1: 4 Tx with up to 4 layers have been specified under TS 38.211 [2], yet performance requirements have not been set for four layers for BS demodulation.
Proposal 1: We propose that 1, 2 and 4 layers shall be used to define performance requirements for 4Tx.
Observation 2: Extant performance requirements for PUSCH are defined at 70% of maximum throughput for FRC.
Proposal 2: We propose that performance requirements are set at 70% of maximum throughput for a given FRC.
Observation 3: For FWA, a carrier with a wide CBW is recommended to be chosen for high throughput performance requirements.
Proposal 3: We propose that a 100 MHz CBW be chosen for simulation, representing band n41.
Observation 4: A relatively high MCS should be defined for this use case in order to maximise throughput.
Proposal 4: We propose that MCS 20 (table 2) be used for simulation of FWA use cases.
Observation 5: CPE equipment is likely to have low to no mobility, with moderate to low multipath
Proposal 5: We propose that TDLA 30-10 should be utilized for characterizing performance for FWA.
Observation 6: In complex multipath environments a denser TPMI is likely to provide enhanced performance.
Proposal 6: We propose that for vehicular use cases both TPMI index 0 and index 4 should be utilised for requirements.
Observation 7: For vehicular communications, the coverage area is likely to be greater than that of FWA, whilst the desire for data rate is likely to be more modest. Therefore, it is recommended a moderate CBW is chosen, with a lower frequency for maximising coverage.
Proposal 7: We propose that a 5 MHz CBW with 15kHz SCS, and 10MHz with 30kHz, be chosen for simulation, representing band n1.
Observation 8: A modest MCS is recommended for this use case, as the end user wishes to target reliability and coverage whilst travelling.
Proposal 8: We propose that MCS 2 (table 2), be used for simulation of vehicular use cases within this WI
Observation 9: Vehicular use cases are likely to have high mobility (expected speed 120 km/h), and potentially exist in a complex multi-path environment
Proposal 9: We propose TDLC 300-600 should be utilized for characterizing performance for Vehicular use cases
Observation 10: High Doppler from a vehicular use case will likely necessitate additional DM-RS.
Proposal 10: We propose that an additional DM-RS (pos2 and pos1) be utilised for vehicular use cases.
Observation 11: For Industrial use cases, latency is likely to be the biggest driver for user requirements, with a desire for high data rate. Therefore, it is recommended a moderate CBW is chosen, with 30kHz SCS to reduce latency.
Proposal 11: We propose that a 20 MHz CBW be chosen for simulation, representing band n77
Observation 12: A high data rate MCS is recommended to be chosen for the industrial use case, both for latency and implied data requirements
Proposal 12: We propose MCS 13 (table 2) be used for simulation of industrial use cases
Observation 13: Industrial environments are likely to have low to moderate mobility, yet have a complex multipath environment
Proposal 13: We propose that TDLC 300-30 should be utilized for characterizing performance for Industrial use cases
Observation 14: For this WI, a number of parameters are common for both 2Tx and 4Tx; therefore, in order to maintain commonality with legacy test requirements for PUSCH, these may wish to remain constant for the 4Tx PUSCH parameters
Proposal 14: We propose that for testing several parameters remain consistent with legacy requirements for PUSCH in TS 38.104 including: Transform Precoding, TDD UL-DL pattern, HARQ Parameters, DM-RS parameters (excluding DM-RS position, and DM-RS Port), Time domain resource assignments, and Frequency domain resource assignments
Observation 15: For this WI, if only one type PUSCH mapping type is chosen for requirements, it would not allow for directly expansion of legacy requirements in TS 38.104, where both type A and type B are defined.
Proposal 15: We propose that within this WI an agreement is made on the PUSCH mapping type chosen, with consideration to extant test parameters for PUSCH requirements.
Observation 16: Extant OTA testing set ups will not enable any 4Tx OTA testing.
Proposal 16: We propose that initially conductivity testing is conducted of this feature, FFS on OTA test set-ups to enable OTA testing for this feature.
[bookmark: _Toc116995849]References
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Figure E.3-3: Measurement set up for dual TX, dual polarization radiated performance requirements




