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1   Background
During RAN4#87 Busan meeting, WF[1~2] were approved for NR UL general part and PUSCH demodulation performance. In this contributions, we would like to share our views about those listed open issues.

2   Discussion

2.1   Rx
In WF[1], the following options for number of Rx is listed:
· Option 1: For conducted, 2, 4 and 8Rx are included
· Other options are not precluded
In RAN4#86Bis meeting, we propose to test 32Rx besides 2, 4 and 8Rx [3], but during the online and offline discussions, companies think that the number of diversity branches for baseband after beamforming is not that many, usually 2Rx, 4Rx and 8Rx is the reasonable number even considering the massive MIMO. Here we would like to know how to connect the gNB with TE during the test for the gNB with 32Rx test? Which Rx antenna ports within the 32 Rx ports should be connected together? Different number of diversity branches may exist for different implementations, and which antenna ports will be precoded together may also depend on the implementations. We do not know how much performance difference considering the different implementation and connect methods, so it is hardly feasible in the real test. Considering massive MIMO is very important for NR, we suggest to consider it in the demodulation performance requirements.
Proposal 1: Consider 32Rx in the gNB demodulation performance requirements definition.
2.2   Duplex mode
In WF[1], the following options for FR1 duplex mode is listed:

· Duplex mode
· FR1: 
· Option 1: FDD, TDD
· Option 2: FDD, TDD and SUL
As per Table 5.2-1 in TS 38.104 core specification as shown below:
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL


We can know that there are FDD, TDD and SUL duplex modes for uplink operation. Although we suggest to reuse the FDD performance requirements for SUL, but we should admit that it is quite true that SUL is duplex mode that is different from FDD and TDD, RAN4 should consider it in the demodulation performance requirements.
Proposal 2: Consider FDD, TDD and SUL in the gNB demodulation performance requirements.
2.3   TDD UL-DL configuration
Because there are many refarming bands for FR1, the coexistence between LTE and NR needs to be taken into account seriously, to avoid the interference between LTE and NR, the LTE UL-DL configuration #2 {D S U D D D S U D D} and special subframe configuration #7 of {D10, G2, U2} with 5ms periodicity that is widely used in the existing LTE network, NR should select the same configuration for NR FR1 SCS 15kHz. Also RAN4 has agreed to use this configuration for 15kHz subcarrier spacing for both UE REFSENS and UE demodulation performance.
The downlink-to-uplink transmission periodicity of 2.5ms for FR1 with SCS 30kHz corresponds to FR1 with SCS 15kHz with 5ms periodicity; To keep consistent with the periodicity and special slot format with LTE UL/DL configuration #2 and special subframe configuration #7, the UL/DL configuration for NR FR1 with SCS 30kHz can be: {D D D S U} with S slot format {D10, G2, U2}, i.e. nrofDownlinkSymbols = 10, nrofUplinkSymbols = 2; 

To keep the logic consistent and also match the real life requirements, we can select the same slot format {D D D S U} with special slot format {D10, G2, U2} for FR2 with SCS 60kHz and 120kHz, but with dl-UL-TransmissionPeriodicity of 1.25ms and 0.625ms respectively.

Proposal 3: Use UL/DL configuration {D S U D D D S U D D} and special slot format {D10, G2, U2} for NR FR1 with SCS 15kHz; 
Proposal 4: Use UL/DL configuration {D D D S U} with special slot format {D10, G2, U2} and dl-UL-TransmissionPeriodicity 2.5ms for NR FR1 with SCS 30kHz; 

Proposal 5: Use UL/DL configuration {D D D S U} with special slot format {D10, G2, U2} for NR FR2 with SCS 60KHz and SCS 120KHz with dl-UL-TransmissionPeriodicity 1.25ms and 0.625ms respectively.
2.4   Cyclic Prefix

If we refer to LTE, both normal CP and extended CP are considered from the beginning, to avoid any duplicated work in the future, we suggest NR follows the same logic as did for LTE. But taken into account the workload, as RAN4 agreed that we can prioritize normal CP target for this December, but it does not mean we preclude extended CP forever, now the core part including the late drops has been extended to this December, correspondingly the performance will target for Next June, so we can consider to set the completion date for ECP to Next June.
Proposal 6: Consider to work on extended CP before June 2019.

2.5   Channel Model

In LTE, the same channel model is used in both UE and BS demodulation performance requirements, to simplify the work and improve the work efficiency, we propose to reuse the channel model studied for NR UE demodulation performance requirements.
Proposal 7: Reuse the channel model studied for NR UE demodulation performance requirements.
2.6   Phase noise impact on FR2

Phase noise has impact in high frequency band by 20log( ) degradation, generally we think that phase noise should be considered in the NR BS demodulation performance requirements, but how to model it in the simulation setup is very complex and how much impact to the final demodulation performance need detailed study, especially different phase noise model for different frequency range is needed as per the study during SI phase and two examples model are captured in TR 38.801 section 6.1.10 and 6.1.11, whether those example model are still feasible? Which models is more suitable to use for the demodulation performance requirements if RAN4 decides to use the example model at last after further investigation? Also other possible models should not be precluded before any further investigations to justify the example model.
Proposal 8: Further investigation is needed about the phase noise impact in different high frequency ranges and specific phase model.
2.7   Applicability rule for CA, EN-DC and SUL
For CA, we think that same approach as LTE can be reused: For a BS supporting UL carrier aggregation, only the CC combination with largest aggregated bandwidth is used for the test. If there is more than one combination the CC combination with the largest number of component carriers is used for the test. For this CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs
For EN-DC, maybe BS just needs to test the separate LTE demodulation performance requirements defined in TS 36.104 for E-UTRAN and NR demodulation performance requirements defined in TS 38.104 for NR per CC basis; How to select the corresponding LTE test cases, we think that it is enough to only select one LTE test case with similar condition as NR.

For SUL, considering SUL is a specific duplex mode, but from demodulation performance point of view, the performance for SUL band and FDD band may be same, no separate performance requirements need to be defined, corresponding FDD performance requirements can be reused.

Proposal 9: The demodulation performance for CA, EN-DC and SUL scenarios:

· CA: Reuse the LTE approach;

· EN-DC: Separate demodulation performance for LTE and NR per CC basis but just select one LTE case from TS 36.104 with similar condition as NR during the test;

· SUL: Reuse FDD performance requirements.

2.8   Reference receiver
As we agreed [1] “only noise is modeled in the tests (no explicit interferer modeled) in Rel-15” in the simulation, MMSE-IRC receiver is not needed, because its strength is to reject and cancel the external interferer, now no interferer is modeled, we think MMSE reference receiver is enough for the demodulation performance evaluation.

Proposal 10: Use MMSE in the related NR BS demodulation performance evaluations.

3   Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: Consider 32Rx in the gNB demodulation performance requirements definition.
Proposal 2: Consider FDD, TDD and SUL in the gNB demodulation performance requirements.

Proposal 3: Use UL/DL configuration {D S U D D D S U D D} and special slot format {D10, G2, U2} for NR FR1 with SCS 15kHz; 

Proposal 4: Use UL/DL configuration {D D D S U} with special slot format {D10, G2, U2} and dl-UL-TransmissionPeriodicity 2.5ms for NR FR1 with SCS 30kHz; 

Proposal 5: Use UL/DL configuration {D D D S U} with special slot format {D10, G2, U2} for NR FR2 with SCS 60KHz and SCS 120KHz with dl-UL-TransmissionPeriodicity 1.25ms and 0.625ms respectively.
Proposal 6: Consider to work on extended CP before June 2019.

Proposal 7: Reuse the channel model studied for NR UE demodulation performance requirements.
Proposal 8: Further investigation is needed about the phase noise impact in different high frequency ranges and specific phase model.
Proposal 9: The demodulation performance for CA, EN-DC and SUL scenarios:

· CA: Reuse the LTE approach;

· EN-DC: Separate demodulation performance for LTE and NR per CC basis but just select one LTE case from TS 36.104 with similar condition as NR during the test;

· SUL: Reuse FDD performance requirements.

Proposal 10: Use MMSE in the related NR BS demodulation performance evaluations.
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