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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-bis-e a WF was agreed with the following issues agreed [2].
	Issue 1-1-1: Bandwidth selection between 20MHz and 50MHz
Agreement: 
· For 15kHz: 
· Introduce requirements for 5MHz and 50MHz, FFS on 20MHz
· For 30kHz: 
· Introduce requirements for 10MHz and 100MHz, FFS on 40MHz 

Issue 1-1-2: MCS
Agreement: 
· For TDLB100-400: MCS2
· For TDLA30-10: MCS 17
· For TDLC300-100: MCS12

Issue 1-1-3: Antenna configuration
Agreement: 
· Define requirements for both 4Rx and 8Rx.

Issue 1-1-4: Whether to define same requirement for PUSCH mapping type A and B
Agreement: 
· Define separate requirements for PUSCH mapping type A and mapping type B.

Issue 1-1-5: Precoding for vehicular cases
Agreement: 
· Only consider TPMI index 0 for all 4Tx PUSCH demodulation requirements.




Several issues remain open and in this contribution we present our view on the open issues of BS demodulation aspects regarding 4Tx and “NR_ENDC_RF_FR1_enh2”.

[bookmark: _Toc116995842]Discussion
During this contribution Nokia will provide their views on open issues regarding 4Tx BS Demodulation requirements, including high level details of simulation results, of which the detail will be included in our companion simulation contribution
Issue 1-1-3: Antenna configuration
	Agreement: 
· Define requirements for both 4Rx and 8Rx.




For the agreed antenna configurations simulation results from Nokia have been included in our companion TDoc.
As can be observed from the results shown in [6] for the case of all channels, between 4T4R and 4T8R there is a discernable performance gain favoring 4T8R between 3.4 and 9.5 dB; this is to be expected with the increased antenna diversity with 4T8R.
[bookmark: _Toc131673374][bookmark: _Toc134788626]In all channels there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
Issue 1-1-4: Whether to define same requirement for PUSCH mapping type A and B
	Agreement: 
· Define separate requirements for PUSCH mapping type A and mapping type B.



For the agreed mapping types simulation results from Nokia have been included in our companion TDoc.
As can be observed from the results shown in [6] for the case of TDLA 30-10 no noticeable performance difference between PUSCH mapping type A and type B was observed.
[bookmark: _Toc131673372][bookmark: _Toc134788627]In TDLA 30-10 there is no observed performance degradation between PUSCH Mapping Type B vs Type A.
As can be observed from the results shown in [6] 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][bookmark: _Toc134788628]In TDLB 100-400 there is an observed performance degradation for PUSCH Mapping Type B vs Type A.
As can be observed from the results shown in [6] for the case of TDLC 300-100 no noticeable performance difference between PUSCH mapping type A and type B was observed
[bookmark: _Toc131673382][bookmark: _Toc134788629]In TDLA 300-100 there is no observed performance degradation between PUSCH Mapping Type B vs Type A.

Issue 1-1-5: Precoding for vehicular cases
	Agreement: 
· Only consider TPMI index 0 for all 4Tx PUSCH demodulation requirements.



Simulations were conducted in both low and medium correlation channels to show the variability of differing TPMIs, 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 [7].
[bookmark: _Toc131673380][bookmark: _Toc134788630]When utilising medium correlation, to provide representative antenna port correlation, we have previously shown TPMI 4 offers on average 4.8 dB performance gain over TPMI 0.
However we note that due to time constraints of this work item, that TPMI 0 will be utilised for RAN4 performance requirements for 4Tx, we further note that due to use of low correlation channels the performance will not vary across different pre-coders (TPMI indices) as no spatial channel component is included in the channel model, this is discussed in the Nokia contribution for RAN4#106-bis-e [3]. 
Issue 1-1-6: Applicability rule
	Way forward: 
· Option 1: 
Unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the 4 Tx antenna tests with low MIMO correlation level shall apply only for the 4 connectors and the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
· Option 2:
Unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the 4 Tx antenna tests with low MIMO correlation level shall apply only for the highest numbers of supported connectors which is larger or equal to 4, and the specific connectors used for testing are based on manufacturer declaration.



As has been shown from simulation results in [6] the performance between 4T4R and 4T8R showed significant performance difference, therefore any applicability rule should such include both options as part of the applicability
[bookmark: _Toc134788631]The performance between 4 connectors and 8 (4T4R and 4T8R) has been shown to have a noticeable difference.
[bookmark: _Toc134788632]We propose that option 1 shall be taken forward for the applicability rule, including the text ,“4 connectors and the highest numbers of supported connectors”.
Issue 1-2-1: Testing limit
The following was captured as part of the WF from RAN4 #106-bis-e
	· No OTA 4Tx demodulation requirements will be defined. 



As proposed in the Nokia contribution for 4Tx at RAN4 #106 [4] we note the following.
Within [5] 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 [5] (Figure E.3-3 – copied below). Therefore, only conductivity testing can be completed for this feature.
[bookmark: _Toc127523590][bookmark: _Toc134788633]Extant OTA testing set ups will not enable 4Tx OTA testing.
[image: ]
Issue 1-1-7: Specification structure
	· For the cases of bandwidth 50MHz, add a new table to capture the requirement
· For the cases of agreed bandwidths other than 50MHz, adding 4Tx requirements to the same table as 1Tx/2Tx requirements.



We prefer to add 4Tx requirements to the same table as 1Tx/2Tx requirements, where possible. We also note that there is no extant 50MHz requirements for 1Tx/2Tx for 15 kHz SCS, there this would require an additional table just for 4Tx requirements.
[bookmark: _Toc134788634]No extant table exists for 50MHz within the specifications.
[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 demodulation.
Explicitly, in this contribution, the following Observations and Proposals were made:
Observation 1: In all channels there is an observed performance degradation for 4T4R vs 4T8R antenna configurations.
Observation 2: In TDLA 30-10 there is no observed performance degradation between PUSCH Mapping Type B vs Type A.
Observation 3: In TDLB 100-400 there is an observed performance degradation for PUSCH Mapping Type B vs Type A.
Observation 4: In TDLA 300-100 there is no observed performance degradation between PUSCH Mapping Type B vs Type A.
Observation 5: When utilising medium correlation, to provide representative antenna port correlation, we have previously shown TPMI 4 offers on average 4.8 dB performance gain over TPMI 0.
Observation 6: The performance between 4 connectors and 8 (4T4R and 4T8R) has been shown to have a noticeable difference.
Proposal 1: We propose that option 1 shall be taken forward for the applicability rule, including the text ,“4 connectors and the highest numbers of supported connectors”.
Observation 7: Extant OTA testing set ups will not enable 4Tx OTA testing.
Observation 8: No extant table exists for 50MHz within the specifications.
[bookmark: _Toc116995849]
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Figure E.3-3: Measurement set up for dual TX, dual polarization radiated performance requirements




