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1	Introduction
The demodulation part of Rel-18 NR RF FR1 enhancements will start in this meeting. In this paper, we present our view on BS demodulation requirements for enabling 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices. In [1], the objective of BS demodulation with 4Tx has been stated as follows: 

4.1	Objective of SI or Core part WI or Testing part WI
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
· 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.

4.2	Objective of Performance part WI
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.
In this contribution, general view on 4Tx demodulation requirements are discussed. 
2	Discussion 
2.1 Scenario and channel model 
Based on the description in WI [1], only different types of UE would be used compared with legacy TN scenarios. The new type of UE including CPE/FWA/vehicle/industrial would have quite different output power and mobility speed. Anyway, it seems still in the similar scope as legacy TN scenario. In that case, same network deployment would be applied.
Observation 1: No new deployment scenario is introduced for 4Tx transmission. 
To achieve higher layer transmission, the corresponding channel condition should be good enough to get high SNR. In that case, LOS channel and relative low UE speed would be more typical. But from the performance checking perspective, worse case with NLOS channel and higher Doppler shift would be better if they are feasible. Considering no new scenario is introduced here, same channel models used in TN BS demodulation, such as TDLA30-10, TDLB100-400 and TDLC300-100, can be applied for 4Tx initial simulations. In legacy BS demodulation requirements, different channel models would check performance in different coverage scenarios. The similar approach could be applied here too. Companies can furtherly consider reducing the number of test case if necessary, for example only introduce requirements for one or two channel models.
Proposal 1: Re-use the legacy channel models, e.g., TDLA30-10/TDLB100-400/TDLC300-100, for initial 4Tx demodulation simulations. 

2.2 Requirement impact
Enabling 4Tx on single carrier would primarily impact PUSCH performance in [2]. By checking legacy requirements in [2], 2Tx requirements are only introduced in normal PUSCH requirements. Similar approach could be reused for introducing 4Tx demodulation requirements. 
Proposal 2: Only new normal PUSCH demodulation requirements are considered for 4Tx. 
The following specific parameters are some analyses for initial simulations.
· Channel bandwidth and SCS: As the initial simulation, minimum channel bandwidth for each SCS can be considered. If big performance difference is seen, typical channel bandwidth or even the largest channel bandwidth can also be considered to keep a good test coverage. Following configurations are proposed:
· 15KHz SCS with 5 and 20 MHz CBW
· 30 KHZ SCS with 10 and 100 MHz CBW
· Modulations: Similar as 2Tx requirements, QPSK, 16QAM and 64QAM can be considered to keep the same test coverage. Legacy MCS index could be used for initial simulations and can be further discussed based on simulation results. To be more specific, following candidate configurations can be considered: 
· TDLA30-10: for low delay spread and doppler shift scenario, high modulation (up to 64 QAM) and coding rate (R = 567/1024) would be typical. Thus MCS = 20 is expected.
· TDLB100-400: for medium delay spread and high doppler shift scenario, MCS = 2 (with QPSK modulation). 
· TDLC300-100: for high delay spread and medium doppler shift scenario, MCS = 16 (with 16QAM modulation).
Higher MCS index per modulation level could also be considered for the initial simulation regarding the high throughput is expected for 4Tx scenario.   
· Number of receiver antenna: For 1Tx and 2Tx, 2/4/8 Rx are considered for the requirements. But only 4 UL layers performance are interested in this WI, therefore, 4Tx * 4Rx and 4Tx * 8Rx antenna configurations are proposed for initial simulations. 
· Waveform: only CP-OFDM is suggested.
· PUSCH mapping type: Both mapping type A and B are considered for 1Tx and 2Tx requirement. From checking the receiver performance perspective, only mapping type A might be enough.
· DM-RS configuration: 1+1 DMRS configuration can be taken for initial simulations.  
· Test metric: 70% normalized throughput.
Proposal 3: Take following parameter table 2-1 for initial simulations. 	
· If large performance difference can be seen between CBWs for each SCS, more typical CBWs could be considered for requirement to keep good test coverage. 
· Companies could also check the feasibility of higher MCS per each modulation level. 
Table 2-1 Initial simulation parameters for 4Tx PUSCH demodulation 
	nTx
	nRx
	Mapping type
	precoding
	DM-RS
	Channel model
	MCS
	SCS [kHz]
	CBW [MHz]
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Proposal 4: Companies furtherly check if it is necessary to reduce the number of test cases, e.g., only keep TDLA30-10 with high modulation level. 

2.3 Specification impact
Rather than creating separate tables for 4Tx, adding new test cases in the same table as 1Tx/2Tx given in section 8.2.1 and 8.2.2 of [2] would be preferred regarding most of parameters could be possibly reused. However, it depends on the discussion agreements. 
Observation 4: It is possible to add 4Tx PUSCH requirements to the same table of 1Tx /2Tx PUSCH requirements.  

3	Conclusion
In this contribution, we gave our views on the detailed BS demodulation assumptions for initial evaluation. We provided following observations to reach agreement between companies: 
Observation 1: No new deployment scenario is introduced for 4Tx transmission. 
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· If large performance difference can be seen between CBWs for each SCS, more typical CBWs could be considered for requirement to keep good test coverage. 
· Companies could also check the feasibility of higher MCS per each modulation level. 
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Proposal 4: Companies furtherly check if it is necessary to reduce the number of test cases, e.g., only keep TDLA30-10 with high modulation level. 
Observation 4: It is possible to add 4Tx PUSCH requirements to the same table of 1Tx /2Tx PUSCH requirements.  
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