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1   Background
During RAN4#87 Melbourne meeting, WF[1] about NR BS demodulation performance requirements was approved. The general work methods and scopes were outlined.

In this contribution, we would like to share our view about those general and common issues for NR BS demodulation performance requirements definition.

2   Discussion
2.1   Propagation Condition
In the WF[1], two options were listed:
· Option1: Consider to use the conclusions from UE demod discussions, if feasible

· Option 2: consider the BS demod independently from UE discussion

As per section 7.7.2 of TR 38.901, we can know TDL model is designed for simplified evaluation, such as non-MIMO, in NR, with the introduction of massive MIMO, especially for FR2, the TDL channel cannot reflect the spatial characteristics, such as departure and arrival angles, the cross polarization power ratios, antenna array, topology and etc., we need to careful consider how to model and test the cases with massive MIMO.
Proposal 1: Adopt Option 2: consider the BS demod independently from UE discussion and company provide further investigations on how to correctly model the channel models for massive MIMO cases.
2.2   Duplex mode
From TS 38.104 Table 5.2-1: NR operating bands in FR1, we can know there are 3 types duplex mode:  FDD, TDD and SUL for UL. There are semic-static and dynamic configuration methods for TDD UL:DL configuration, it is very flexible to configure different slot formats as per the different services requirements, thus it makes NR to adapt to different scenarios and services very flexibly, it should be one big characteristic for NR, we think that all of them should be covered in Rel-15 for NR BS demodulation performance requirements definition for FR1. Currently only TDD bands are introduced for FR2, we can only consider TDD for FR2.
Proposal 2:  Define FDD, TDD and SUL demodulation performance for FR1 and only TDD demodulation performance for FR2.
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} with 5ms periodicity that is widely used in the existing LTE network should be selected for NR FR1 SCS 15kHz. 

The downlink-to-uplink transmission periodicity of 2.5ms for FR1 with SCS 30kHz corresponds to FR1 with SCS 15kHz with 5ms periodicity; Special subframe configuration 4, i.e. DwPTS:GP:UpPTS = 12:1:1 , is using in LTE, the corresponding S slot format is. To keep consistent with the periodicity and S slot format with LTE UL:DL configuration 2 and special subframe configuration, the slot format pattern for NR FR1 with SCS 30kHz can be: {D D D S U} with S slot format: nrofDownlinkSymbols = 10, nrofUplinkSymbols = 2; 
To keep at least 2 symbols for the guard period and relationship between SCS and length of symbol, we can select the same slot format {D D D S U} with S slot format: nrofDownlinkSymbols = 10, nrofUplinkSymbols = 2 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 2 of LTE for NR FR1 with SCS 15kHz; slot format {D D D S U} with S slot format: nrofDownlinkSymbols = 8~10, nrofUplinkSymbols = 2 and dl-UL-TransmissionPeriodicity 2.5ms for NR FR1 with SCS 30kHz, 

Proposal 4: Use slot format {D D D S U} with S slot: nrofDownlinkSymbols = 8~10, nrofUplinkSymbols = 2 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.
Proposal 5: Both normal CP and extended CP should be considered.
2.5   Antenna configuration
The 1T2R, 1T4R, 1T8R and 2T2R, 2T4R, 2T8R antenna configuration are same as LTE, NR firstly should support all the configurations supported by LTE, at the same time, NR should support higher antenna configurations, such as 32Rx, to reflect NR higher performance and capability to support high frequency range.
Proposal 5: Consider Tx: 1, 2; Rx: 2, 4, 8 and 32 for NR BS demodulation performance requirements.
2.6   CBW/SCS

As per Table 5.3.2-1 and Table 5.3.2-2 in TS 38.104, the following channel bandwidth and subcarrier spacing combinations are defined for FR1 and FR2 respectively:
Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1
	SCS [kHz]
	5

MHz
	10

MHz
	15

MHz
	
	20 MHz
	25 MHz
	30

MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	
	106
	133
	[160]
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	
	51
	65
	[78]
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	
	24
	31
	[38]
	51
	65
	79
	[93]
	107
	[121]
	135


Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


In LTE, only subcarrier spacing 15kHz with BW 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz and 20MHz are defined, the demodulation performance requirements are specified for all of them. In the real testing, only tests for the lowest and the highest channel bandwidths supported by the BS are applicable.
Now NR defined more subcarrier spacing types: 15kHz, 30kHz and 60kHz for FR1; 60kHz and 120kHz for FR2, at the same time, more channel bandwidths are introduced: 13 bandwidth types for FR1 and 4 bandwidth types for FR2. If we follow LTE and define demodulation performance requirements for all channel bandwidth and subcarrier spacing combinations, it is a real challenge and heavy load work for RAN4 to complete the performance work at the end of year.
From the BS channel bandwidth and SCS definition per band in FR1 and FR2 in Table 5.3.5-1 and 5.3.5-2 of TS 38.104 as shown below: 

Table 5.3.5-1: BS channel bandwidths and SCS per operating band in FR1

	NR band / SCS / BS channel bandwidth

	NR Band
	SCS

kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n5
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n7
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n38
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	

	n51
	15
	Yes
	
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	n70
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n76
	15
	Yes
	
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n77
	15
	
	Yes
	Yes 
	Yes
	
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	n80
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n81
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n82
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n83
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n84
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	


Table 5.3.5-2: BS channel bandwidths and SCS per operating band in FR2

	NR band / SCS / BS channel bandwidth

	NR Band
	SCS

kHz
	50 MHz
	100 MHz
	200

MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n261
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes


For FR1, except Band n79, all other bands support 5MHz, 10MHz, 15MHz and 20MHz bandwidth; For FR2, only 4 bandwidth types: 50MHz, 100MHz, 200MHz and 400MHz, as per the agreements made in RAN4#86 Athens meeting: Agreement: 200MHz as mandatory channel bandwidth for FR2. To reduce the workload and to facilitate the alignments of simulation results from companies, we can focus on those common and mandatory bandwidth at the first stage and add others if needed later.

Proposal 6: Consider to prioritize the following CBW and SCS combinations:
· FR1: CBW: 5MHz, 10MHz, 15MHz and 20MHz; SCS 15kHz and 30kHz

· FR2: CBW: 50MHz, 100MHz and 200MHz; SCS 60kHz and 120kHz
2.7   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 7: Use MMSE in the related NR BS demodulation performance evaluations.
2.8   Consider how to capture CA, EN-DC and SUL based on single carrier cases

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 8: 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.
3   Proposals
In this contribution, we further analyses the RAN1 agreements about UE further NB-IoT enhancements[1] for TDD, and give our proposals are:

Proposal 1: Adopt Option 2: consider the BS demod independently from UE discussion and company provide further investigations on how to correctly model the channel models for massive MIMO cases.

Proposal 2:  Define FDD, TDD and SUL demodulation performance for FR1 and only TDD demodulation performance for FR2.
Proposal 3: Use UL:DL configuration #2 of LTE for NR FR1 with SCS 15kHz; slot format {D D D S U} with S slot format: nrofDownlinkSymbols = 8~10, nrofUplinkSymbols = 2 and dl-UL-TransmissionPeriodicity 2.5ms for NR FR1 with SCS 30kHz, 

Proposal 4: Use slot format {D D D S U} with S slot: nrofDownlinkSymbols = 8~10, nrofUplinkSymbols = 2 for NR FR2 with SCS 60KHz and SCS 120KHz with dl-UL-TransmissionPeriodicity 1.25ms and 0.625ms respectively.
Proposal 5: Consider Tx: 1, 2; Rx: 2, 4, 8 and 32 for NR BS demodulation performance requirements.
Proposal 6: Consider to prioritize the following CBW and SCS combinations:

· FR1: CBW: 5MHz, 10MHz, 15MHz and 20MHz; SCS 15kHz and 30kHz

· FR2: CBW: 50MHz, 100MHz and 200MHz; SCS 60kHz and 120kHz
Proposal 7: Use MMSE in the related NR BS demodulation performance evaluations.
Proposal 8: 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.
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