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[bookmark: OLE_LINK25]1 Introduction
[bookmark: OLE_LINK33]The objectives for 4Tx of further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1) are listed in the following [1]:
[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
· NOTE1: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
· NOTE2: It is assumed the devices are equipped with 4Rx antennas for band n1 requirement definition.
In RAN4# 106 meeting, some agreements were reached for 4Tx evaluation and the following evaluation setups need further discussion.
Sub-topic 2-5 MCS
Agreement: Use MCS table 1 for the evaluation. The following MCS can be used as starting point for evaluation.
· TDLA30-10: MCS16, MCS17 and MCS20
· TDLB100-400: MCS2
· TDLC300-100: MCS12 and MCS16
Sub-topic 2-8 Precoding
Agreement:
Take TPMI index 0 in Table 6.3.1.5-7 of 38.211 for performance requirement definition. 


FFS on TPMI index 4 in Table 6.3.1.5-7 of 38.211 for vehicular use cases. 


[bookmark: OLE_LINK18]In this contribution, we share our understanding for the above issues and we give initial simulation results for 4Tx. 
2	Discussion
[bookmark: OLE_LINK41][bookmark: OLE_LINK6][bookmark: OLE_LINK23][bookmark: OLE_LINK66]2.1 MCS
It was agreed that MCS index table 1(Table 5.1.3.1-1 in TS 38.214) is used to select MCS for evaluation and the concerned MCS is list in Table 1.
Table 1: Concerned MCS index for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	2
	2
	193
	0.3770

	12
	4
	434
	1.6953

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	20
	6
	567
	3.3223


It was also agreed that only one MCS for each propagation condition will be selected for performance requirements definition. As MCS2 is selected for TDLB100-400, the remaining MCSs are MCS12 MCS16 for 16QAM and MCS17 and MCS20 for 64QAM.
Figure 2-1 shows the throughput comparison between MCS16, MCS17 and MCS20 for TDL-A30-10, 
[image: ]
Figure 2-1 Throughput comparison between different MCS for TDL-A 30-10
From figure 2-1 we can see that MCS20 is feasible when TDL-A 30-10 is considered. Therefore it reasonable to select MCS20 for TDL-A30-10. If MCS20 is selected for TDLA30-10, a MCS corresponding to 16QAM should be considered. Figure 2-2 shows the throughput comparison between MCS12 and MCS16 for TDL-C 300-100.
[bookmark: OLE_LINK28][bookmark: OLE_LINK11][image: ]
Figure 2-2Throughput comparison between MCS12 and MCS16 for TDL-C 300-100
From figure 2-2 we can see that MCS16 is feasible when TDL-C 300-100 is considered. Therefore it reasonable to select MCS16 for TDL-C 300-100. Some initial simulation results are appended in Annex for reference. 
Proposal 1: To use the following MCS and channel model for demodulation requirement:
· TDLA30-10: MCS20
· TDLB100-400: MCS2
· TDLC300-100: MCS16
2.2 TPMI
It was agreed to take TPMI index 0 in Table 6.3.1.5-7 of 38.211 for performance requirement definition. 
Another TPMI of index 4 in Table 6.3.1.5-7 of 38.211 is FFS for vehicular use cases. 


The difference between TPMI index 0 and TPMI index 4 is that the precoder of TPMI index 4 carries each layer on different antennas which may bring diversity comparing with the precoder of TPMI index 0.
With regard to demodulation requirement, a fixed precoder is used by companies and this precoder is not matched with CSI as no CSI feedback is concerned for requirements definition. In other words, there is not a TPMI index which is more suitable for channel conditions than other PMI indices.
On the other hand, TPMI index 4 is full coherent precoder, which is related to UE capability. Therefore, TPMI index 4 may not be feasible for UE without the capability of full coherent precoder.
Proposal 2: To only use the TPMI index 0 for demodulation requirement.
3 Conclusion
In this contribution, we give some conclusion for 4Tx of NR_ENDC_RF_FR1_enh2 :
Proposal 1: To use the following MCS and channel model for demodulation requirement:
· TDLA30-10: MCS20
· TDLB100-400: MCS2
· TDLC300-100: MCS16
[bookmark: _GoBack]Proposal 2: To only use the TPMI index 0 for demodulation requirement.
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Annex
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Figure A-1 Throughput for 5MHz BW 15kHz SCS TDL-A 30-10 mapping type A
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Figure A-2 Throughput for 5MHz BW 15kHz SCS TDL-B 100-400 mapping type A
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Figure A-3 Throughput for 5MHz BW 15kHz SCS TDL-C 300-100 mapping type A
[image: ]

Figure A-4 Throughput for 20MHz BW 15kHz SCS TDL-A 30-10 mapping type A
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Figure A-5 Throughput for 20MHz BW 15kHz SCS TDL-B 100-400 mapping type A
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Figure A-6 Throughput for 20MHz BW 15kHz SCS TDL-C 300-100 mapping type A
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Figure A-7 Throughput for 50MHz BW 15kHz SCS TDL-A 30-10 mapping type A
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Figure A-8 Throughput for 50MHz BW 15kHz SCS TDL-B 100-400 mapping type A
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Figure A-9 Throughput for 50MHz BW 15kHz SCS TDL-C 300-100 mapping type A
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Figure A-10 Throughput for 10MHz BW 30kHz SCS TDL-A 30-10 mapping type A
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Figure A-11 Throughput for 10MHz BW 30kHz SCS TDL-B 100-400 mapping type A
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Figure A-12 Throughput for 10MHz BW 30kHz SCS TDL-C 300-100 mapping type A
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Figure A-13 Throughput for 100MHz BW 30kHz SCS TDL-A 30-10 mapping type A
[image: ]

Figure A-14 Throughput for 10MHz BW 30kHz SCS TDL-B 100-400 mapping type A
[image: ]
Figure A-15 Throughput for 100MHz BW 30kHz SCS TDL-C 300-100 mapping type A
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