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[bookmark: _Toc116995841]Introduction
This document extends the discussion on the 8Rx UE demodulation and CSI requirements introduced in RAN4 #105 summarized in [1], discussions were continued through to RAN4 #107 where the latest way forward was summarized in [9].
The agreements reached during the previous meetings regarding 8 RX and CSI requirements are captured on the WFs [2], [8], and [9].
The major open topics being:
	· PDSCH requirements
· SDR requirements
· CQI requirements



This paper presents Nokia’s views on the open issues related to the 8Rx UE PDSCH demodulation, extending the previous discussion introduced in [7], and [10]. We also discuss the critical outcome include two different MCS requirements in case of 2 CWs to model real deployment cases for 8 Rx.
This discussion is supported by simulation results provided in [[5]. 
The following open items were agreed at RAN4#107 regarding PDSCH requirements  [9], whilst a number of issues remain open, which will be discussed in this contribution.
	Issue 2-1: Propagation conditions and antenna correlation for Rank 2 test
· TDLC300-100 ULA Medium B

Issue 2-2: MCS for Rank 2 test
· Agree [MCS 20] (Table 2) for this meeting, if any issues are figured out for next meeting, MCS 19 (Table 1) will be selected 

Issue 2-3: MCS for Rank 4 test
· Agree [MCS 26] (Table 1) for this meeting, if any issues are figured out for next meeting, MCS 17 (Table 1) will be selected

Issue 2-4: MCS configuration for Rank 8 test
·  MCS 17 



Further to this, there are open issues regarding FDD and CA which will be discussed within this contribution.
[bookmark: _Toc116995842]Discussion
Within this paper, we discuss the parameters defined for simulation and definition of requirements for PDSCH, furthermore we make a series of observations and recommendations based on Nokia’s activities thus far.
Discussion within this contribution will be focussed on open issues following the WF identified at RAN4 #107 [9].
Issue 2-1: Propagation conditions for Rank 2 test
Following RAN4 #107 a single option was presented in the WF for propagation conditions for Rank 2 tests, these were as follows.
	· TDLC300-100 ULA Medium B



Our simulations in our companion simulation TDoc [5] show that all MCS choices can provide a 70% TPUT at a feasible SNR.
[bookmark: _Toc142490146]TDLC300-100 propagation conditions provide feasible test points for all MCS.

Issue 2-2: MCS and antenna correlation for Rank 2 test
Following RAN4 #107 one set of options was presented in the WF for MCS for Rank 2 tests, these were as follows.
	Agree [MCS 20] (Table 2) for this meeting, if any issues are figured out for next meeting, MCS 19 (Table 1) will be selected 



TDLC300-100 ULA Medium B does provide testable results at both MCS 20 (Table 2) and 19 (Table 1), as is shown in the companion TDoc [5] therefore in these propagation and correlation conditions both MCS provide a reasonable choice.
However, in a practical deployment, with TxEVM considerations, it is worth noting that MCS 20 (Table 2) may present issues at it’s SNR operating point. This is because whilst a TxEVM of 3.5% corresponding to a BS capable of 256 QAM enables a SNR of 29.1 dB to be reached without impairment, (defined using the approximation found in [12]), the transmitter is required to back-off in accordance with PAPR constraints to avoid samples of the CP-OFDM waveform of PDSCH to be effected by the EVM impaired region. To ensure that no samples of the CP-OFDM waveform enter the region of the RF components that cause EVM this would require 12 dB backoff, hence reducing the maximum operating SNR for no EVM impairment to 17.1 dB. 
Alternatively, if negligible demodulation performance loss is acceptable, some samples of the CP-OFDM waveform from PDSCH may be allowed to enter this EVM impairment region, for example with a 9 dB back-off the CP-OFDM waveform (assuming equiprobable transmission bits) has 20% of it’s samples entering the TxEVM affected region, this enables an SNR operating region to 20.1 dB with negligible performance loss.
[bookmark: _Toc142490147]MCS 20 (Table 2) and 19 (Table 1), do provide a testable and reasonable result in TDLC 300-100 ULA Medium B conditions. However, MCS20 results in 21.7 dB in our simulations (inc. impairment), which is rather close to the EVM saturation point of 23.1dB where 100% of the samples of CP-OFDM will be within the TxEVM degraded region.
[bookmark: _Toc142490148]Specifically at the SNR test point from Nokia’s simulations for MCS 20 (Table 2), 21.7 DB, more than 90% of the CP-OFDM symbols (assuming equiprobable bits) would be within the TxEVM degraded region
[bookmark: _Toc142490149]RAN4 shall use MCS 19 (Table 1) to define requirements for Rank 2.

Issue 2-3: MCS for Rank 4 test
Following RAN4 #107 one set of options was presented in the WF for MCS for Rank 4 tests, these were as follows.
	Agree [MCS 26] (Table 1) for this meeting, if any issues are figured out for next meeting, MCS 17 (Table 1) will be selected



For Rank4 in TDLA 30-10 does provide testable results at both MCS 26 and MCS 17 as is shown in the companion TDoc [5] therefore in these propagation and correlation conditions both MCS provide a reasonable choice in a simulated environment. 
However, in a practical deployment, with TxEVM considerations, it is worth noting that MCS 26 may present issues at it’s SNR operating point. This is because whilst a TxEVM of 3.5% corresponding to a BS capable of 256 QAM enables a SNR of 29.1 dB to be reached without impairment, (defined using the approximation found in [12]), the transmitter is required to back-off in accordance with PAPR constraints to avoid samples of the CP-OFDM waveform of PDSCH to be effected by the EVM impaired region. To ensure that no samples of the CP-OFDM waveform enter the region of the RF components that cause EVM this would require 12 dB backoff, hence reducing the maximum operating SNR for no EVM impairment to 17.1 dB. 
Alternatively, if negligible demodulation performance loss is acceptable, some samples of the CP-OFDM waveform from PDSCH may be allowed to enter this EVM impairment region, for example with a 9 dB back-off the CP-OFDM waveform (assuming equiprobable transmission bits) has 20% of it’s samples entering the TxEVM affected region, this enables an SNR operating region to 20.1 dB with negligible performance loss.
[bookmark: _Toc142490150]TxEVM constraints create an maximum operating region for no demodulation performance loss until 17.1 dB and negligible performance loss until 20.1 dB.
Alternatively, if a 6dB backoff is used, which would enable the SNR to reach 23.1 dB then this would cause all samples of the CP-OFDM waveform to be received within the TxEVM degraded region. Therefore, the performance of MCS 26 observed by Nokia simulations at 23.4 dB falls within this region, in turn meaning that this result is unfeasible.
[bookmark: _Toc142490151]SNR operating points above 23.1 dB fall completely within the TxEVM impaired region and are therefore unsuitable for use for performance requirements.
[bookmark: _Toc142490152]Nokia impairment simulation results for MCS 26 with Rank4 show an operating region of 23.4 dB SNR which is in this unsuitable region.
[bookmark: _Toc142490153]RAN4 shall use MCS 17 (table 1) to define rank 4 tests.

Issue 2-4: Single MCS configuration for Rank 8 test
Following RAN4 #107 one option was presented in the WF for MCS for Rank 8 tests, this was as follows.
	· MCS 17



Whilst MCS 17 (on both Codewords) provides a reasonable result for Rank 8 cases in simulation, as shown in our companion TDoc [5], it presents itself as a reasonable option as the MCS for Rank 8 test. However, much like the discussion on Rank 2 and Rank 4 MCS, in a realistic deployment the measurement provided by Nokia (with impairment) would fall within the SNR operating region above 23.1 dB where 100% of samples would be in the TxEVM impaired region for CP-OFDM.
[bookmark: _Toc142490154]Nokia Simulations have shown that MCS 17 provides impairment results that are within the TxEVM impaired region for PDSCH using CP-OFDM.
At RAN4 #107 MCS 13 was also an option for Rank 8 MCS that all interested companies provided results for, therefore this should still remain a practical option for RAN4 to choose this MCS for Rank 8 without increased simulation burden to companies.
[bookmark: _Toc142490155]All interested companies presented simulation results for Rank 8 using MCS 13 at RAN4#107
[bookmark: _Toc142490156]RAN4 shall use MCS 13 to define rank 8 tests.
Summary of MCS, Channel Correlation and Propagation Conditions for PDSCH (TDD)
In summary Table 1 provides an overview of all the proposed MCS, Channel Correlation and Propagation Conditions for PDSCH following RAN4#107, the MCS which are highlighted in italics are proposed to not be taken forward, with a preference for MCS 20 (table 2) on Rank 2 and MCS 26 (table 1) for Rank 4 (assuming that impairment results < 24.4dB). We have provided results for all cases in our companion TDoc [5].
[bookmark: _Ref133938773]Table 1 : Summary of MCS, Channel Correlation and Propagation Conditions for PDSCH
	Rank
	Antenna Configuration
	MCS
	Channel Correlation
	Propagation Condition

	2
	2T8R
	19 (Table 1)
	ULA Medium B
	TDLC 300-100

	
	
	20 (Table 2)
	
	

	4
	4T8R
	17 (Table 1)
	
	

	
	
	26 (Table 1) 
	ULA Low
	TDLA 30-10

	8
	8T8R
	17 (Both CW) (Table 1)
	
	

	
	
	13 (Both CW) (Table 1)
	
	



Summary of MCS, Channel Correlation and Propagation Conditions for PDSCH (FDD)
Due to the demodulation contingent of RAN4 making good progress of TDD requirements for FDD it was agreed at RAN4#107 that interested companies would proceed to look at FDD requirements.
In order to expedite the definition of FDD requirements and remain aligned with TDD requirements, a provisional agreement was taken to utilise the same channel, propagations, rank and MCS configuration as FDD. 
For Carrier BW and SCS the CBW of 10MHz with 15 KHz SCS was tentatively agreed for simulations.
Table 2 : Summary of MCS, Channel Correlation and Propagation Conditions for PDSCH, with Simulation Results (FDD)
	Rank
	Antenna Configuration
	MCS
	Channel Correlation
	Propagation Condition
	SNR (@ 70% TPUT, inc. Impairment)

	2
	2T8R
	19 (Table 1)
	ULA Medium B
	TDLC 300-100
	12.6

	
	
	20 (Table 2)
	
	
	20.9

	4
	4T8R
	17 (Table 1)
	
	
	12.5

	
	
	26 (Table 1) 
	ULA Low
	TDLA 30-10
	23.1

	8
	8T8R
	17 (Both CW) (Table 1)
	
	
	21.3

	
	
	13 (Both CW) (Table 1)
	
	
	15.9



[bookmark: _Toc142490157]FDD Configurations which mirror the agreed TDD Configurations all produce feasible results.
[bookmark: _Toc142490158]RAN4 shall define FDD requirements for PDSCH with 8Rx
[bookmark: _Toc142490159]RAN4 shall define FDD requirements for PDSCH with Rank 2, Rank 4, and Rank 8
[bookmark: _Toc142490160]For Rank 2 FDD requirements RAN4 shall use ULA Medium B, TDLC 300-100 and MCS 19 (Table 1).
[bookmark: _Toc142490161]For Rank 4 FDD requirements RAN4 shall use ULA Low, TDLA 30-10 and MCS 17 (Table 1)
[bookmark: _Toc142490162]For Rank 8 FDD requirements RAN4 shall use ULA Low, TDLA 30-10 and MCS 13 for both codewords (Table 1)
CA requirements
The RF contingent of RAN4 is under discussion whether to revise the WID relating to 8Rx to include CA[11]. If it is agreed by RAN, interesting companies were requested to bring simulation results for additional channel bandwidths with the same parameters as used for single carrier. The WID was not updated at RAN#100 and no clear WF was presented in [11], however to ensure that the good progress of the demodulation contingent is maintained Nokia have prepared results for CA in our relevant PDSCH contribution.
Observation 1: [bookmark: _Toc141784125][bookmark: _Toc142490163]No clear decision has been made in the RF contingent or RAN Plenary on CA for 8Rx
As no clear decision has been made, but the Time Unit (TU) allocation of the performance part of 8Rx will not increase Nokia believes that it is beneficial to conduct simulations and align on Component Carriers (CC) performance that may become part of the CA performance requirements.
[bookmark: _Toc142490164]RAN4 should define performance requirements for CA based on CC performance
To support all possible CA options Nokia has conducted simulations for all possible Carrier BWs with 15 KHz SCS for FDD and 30 KHz for TDD carriers, the results for these are presented in our companion TDoc [5]. A table of all the configurations used is shown below in Table 3.
[bookmark: _Ref141799357]Table 3 : Configurations for CC Simulations
	Duplex Mode
	SCS (kHz)
	CBW (MHz)
	Rank
	MCS
	Propagation Conditions

	TDD
	30kHz
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	8
	MCS 13, 17 (Table 1)
	TDLA30-10 Low

	FDD
	15kHz
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50
	8
	MCS 13, 17 (Table 1)
	TDLA30-10 Low



[bookmark: _Toc142490165]It is unclear due to the lack of decision within RF which CBW will be chosen for CA of this WI.
[bookmark: _Toc142490166]RAN4 shall agree the CBW for CA configuration following RF decision.

[bookmark: _Toc116995848]Conclusion
In this paper, we have assessed the current direction of the 8Rx WI, specifically PDSCH UE Demodulation performance. We have provided recommendations where agreements need to be made and requirements defined. Furthermore, we have provided updated results and analysis based on prior agreements at RAN4 #1060-bis-e in order to specify the performance of PDSCH demodulation.
Specifically, in the paper, the following Observations and Proposals were made:
Observation 1: TDLC300-100 propagation conditions provide feasible test points for all MCS.
Observation 2: MCS 20 (Table 2) and 19 (Table 1), do provide a testable and reasonable result in TDLC 300-100 ULA Medium B conditions. However, MCS20 results in 21.7 dB in our simulations (inc. impairment), which is rather close to the EVM saturation point of 23.1dB where 100% of the samples of CP-OFDM will be within the TxEVM degraded region.
Observation 3: Specifically at the SNR test point from Nokia’s simulations for MCS 20 (Table 2), 21.7 DB, more than 90% of the CP-OFDM symbols (assuming equiprobable bits) would be within the TxEVM degraded region
Proposal 1: RAN4 shall use MCS 19 (Table 1) to define requirements for Rank 2.
Observation 4: TxEVM constraints create an maximum operating region for no demodulation performance loss until 17.1 dB and negligible performance loss until 20.1 dB.
Observation 5: SNR operating points above 23.1 dB fall completely within the TxEVM impaired region and are therefore unsuitable for use for performance requirements.
Observation 6: Nokia impairment simulation results for MCS 26 with Rank4 show an operating region of 23.4 dB SNR which is in this unsuitable region.
Proposal 2: RAN4 shall use MCS 17 (table 1) to define rank 4 tests.
Observation 7: Nokia Simulations have shown that MCS 17 provides impairment results that are within the TxEVM impaired region for PDSCH using CP-OFDM.
Observation 8: All interested companies presented simulation results for Rank 8 using MCS 13 at RAN4#107
Proposal 3: RAN4 shall use MCS 13 to define rank 8 tests.
Observation 9: FDD Configurations which mirror the agreed TDD Configurations all produce feasible results.
Proposal 4: RAN4 shall define FDD requirements for PDSCH with 8Rx
Proposal 5: RAN4 shall define FDD requirements for PDSCH with Rank 2, Rank 4, and Rank 8
Proposal 6: For Rank 2 FDD requirements RAN4 shall use ULA Medium B, TDLC 300-100 and MCS 19 (Table 1).
Proposal 7: For Rank 4 FDD requirements RAN4 shall use ULA Low, TDLA 30-10 and MCS 17 (Table 1)
Proposal 8: For Rank 8 FDD requirements RAN4 shall use ULA Low, TDLA 30-10 and MCS 13 for both codewords (Table 1)
Observation 10: No clear decision has been made in the RF contingent or RAN Plenary on CA for 8Rx
Proposal 9: RAN4 should define performance requirements for CA based on CC performance
Observation 11: It is unclear due to the lack of decision within RF which CBW will be chosen for CA of this WI.
Proposal 10: RAN4 shall agree the CBW for CA configuration following RF decision.
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