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1 Introduction
Based on the agreed work plan for NR UE demodulation [1], the discussion for SDR requirements will be started from the Oct. meeting and finalized by Nov. meeting. In this contribution, we discuss high level aspects for SDR requirements to effectively finalize the specifications in future meetings. In our companion contribution, the initial simulation results for SDR requirements are provided [2].
2 Discussion
In LTE, the purpose of SDR requirements is verification of the Layer 1 and Layer 2 as follows [3].

	The purpose of the test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated. The sustained downlink data rate shall be verified in terms of the success rate of delivered PDCP SDU(s) by Layer 2.


Above purpose should be also reused for NR SDR requirements. For LTE SDR tests, the test condition was chosen so that the bit size of transmission packet is maximized. For NR, on the other hand, many parameters impact on the maximum transmission bits. In the following we provide our views on each parameter. Note that in this section single carrier operation is assumed as a first step.
2.1. Channel bandwidth and SCS
For NR, the many channel bandwidths and corresponding NPRB are introduced for each SCS [4, 5]. Note that for single carrier operation, 90MHz for FR1 and 400MHz for FR2 are optional bandwidths. The maximum channel bandwidth for each band (except for SUL bands) are shown below.

Table 1. Maximum channel bandwidth for each FR1 band
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	n51, n76
	
	n12, n34
	n1, n2, n5, n7, n8, n20, n25, n28, n38, n71, n75
	n70
	n3
	n39, n66
	n40, n41, n77, n78, n79
	N/A
	N/A
	N/A
	N/A

	30
	
	
	n12, n34
	n1, n2, n5, n7, n8, n20, n25, n28, n38, n71 n75
	n70
	n3
	n39, n66
	
	
	n40
	Opt
	n41, n77, n78, n79


Table 2. Maximum channel bandwidth for each FR2 band

	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	
	
	all bands
	N/A

	120
	
	
	all bands (mandatory)
	all bands (optional)


Note that 60kHz SCS is omitted here since this is optional feature. We also note that all channel bandwidths except for maximum mandatory has capability (IOdT) bit. It is UE capability which band UE supports, for example, the maximum channel bandwidth is 20MHz if UE supports only band n5. Thus, all of above listed maximum channel bandwidths should be configured for SDR requirements.

Proposal 1: The channel bandwidths for SDR requirements are as follows.

· 15kHz SCS: 5, 15, 20, 25, 30, 40, 50 MHz

· 30kHz SCS: 15, 20, 25, 30, 40, 80, 100 MHz

· 60kHz SCS: 200MHz

· 120kHz SCS: 200MHz

2.2. Slot duration

Slot number has impact on the TBS calculation. But slot with 14 OFDM symbols is mandatory feature, then only this value is sufficient for SDR requirements.

Proposal 2: Slot duration for SDR requirement is 14 OFDM symbols

2.3. CORESET size

Similar to LTE, CORESET size in frequency domain can be set to 1 symbol. On the other hand, CORESET size in time domain and FDM of CORESET/PDSCH can be discussed further.
Proposal 3: CORESET size in frequency domain is 1 OFDM symbol.

· FFS: COREST size in time domain and FDM of COREST and PDSCH

2.4. MIMO layer

The candidate values are {1, 2, 4, 8} and it is UE capability. Also, 4 MIMO layer is mandatory feature for 4Rx mandatory bands. Thus, the SDR requirements for {1, 2, 4} should be specified in FR1 and {1, 2} in FR2.

Proposal 4: MIMO layer for SDR requirements are {1, 2, 4} for FR1, and {1, 2} for FR2. 

2.5. Modulation order

For FR1, both 64QAM and 256QAM are mandatory features but 256QAM has UE capability signalling. For FR2, up to 64QAM is mandatory without capability. 
Proposal 5: Modulation order for SDR requirements are as follows.

· FR1: both 64QAM and 256QAM

· FR2: 64QAM
2.6. DMRS configuration

Unlike LTE, DMRS configuration has impact on TBS determination for NR [6]. Firstly, NR can configure additional DMRS in addition to front loaded DMRS. But additional DMRS has impact TBS in the slot, so no additional DMRS should be used for SDR requirements. Also, for up to 2 MIMO layers, FDM of DMRS and PDSCH can be possible. If such FDM is configured, the TBS can be increased since the transmission resources can be increased. 

Proposal 6: No additional DMRS for SDR requirement. 

Proposal 7: For up to 2 MIMO layers, consider FDM of DMRS and PDSCH to increase TBS in a slot. 
2.7. Overhead size due to other reference signals 

For TBS determination, one parameter related overhead due to other reference signals, 
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,  QUOTE ,N-oh-PRB. can be configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig [6]. The candidate value is {0, 6, 12, 18}, but for SDR requirement only 0 should be configured.

Proposal 8: For SDR requirement, 
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 for TBS determination is set to 0.

2.8. Max date rate and scaling factor 
In the section 4.1.2 of [7], “Max data rate without ue-CategoryDL and ue-CategoryUL” is specified.
	For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.
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wherein

J is the number of aggregated component carriers in a band or band combination

Rmax = 948/1024

For the j-th CC,
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 is the maximum number of layers
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 is the maximum modulation order
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is the scaling factor

The scaling factor can take the values 1, 0.8, 0.75, and 0.4.
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is signalled per band and per band per band combination
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 is the numerology (as defined in TS 38.211 [6])


[image: image9.wmf]m

s

T

 is the average OFDM symbol duration in a subframe for numerology 
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, as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where 
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 is the UE supported maximum bandwidth in the given band or band combination.
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is the overhead and takes the following values

[0.14], for frequency range FR1 for DL

[0.18], for frequency range FR2 for DL

[0.08], for frequency range FR1 for UL

[0.10], for frequency range FR2 for UL

NOTE:
Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.

The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.


The max date can be scaled by scaling factor 
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, and the candidate values are {1, 0.8, 0.75, 0.4}. As mentioned above, the date rate computed by this formula is approximate maximum date rate. However, it is a bit unclear that how to limit maximum date rate is limited by this formula. For example, if scaling factor is 0.4, maximum TBS in all slots are limited or only averaged data rate are limited (i.e. TBS in each slot is not explicitly limited). This fact has large impact on the design of SDR requirements, so we propose to send LS to RAN1 to clarify this point.

Proposal 9: Send LS to RAN1/2 to clarify the usage of max date rate and scaling factor described in the section 4.1.2 in TS38.306.
· Ex. maximum TBS in all slots are limited by this formula or only averaged data rate are limited (i.e. TBS in each slot is not explicitly limited).

3 Conclusion

In this contribution, we discuss high level aspects for SDR requirements to smoothly finalize the specification.
Proposal 1: The channel bandwidths for SDR requirements are as follows.

· 15kHz SCS: 5, 15, 20, 25, 30, 40, 50 MHz

· 30kHz SCS: 15, 20, 25, 30, 40, 80, 100 MHz

· 60kHz SCS: 200MHz

· 120kHz SCS: 200MHz 
Proposal 2: Slot duration for SDR requirement is 14 OFDM symbols

Proposal 3: CORESET size in frequency domain is 1 OFDM symbol.

· FFS: COREST size in time domain and FDM of COREST and PDSCH

Proposal 4: MIMO layer for SDR requirements are {1, 2, 4} for FR1, and {1, 2} for FR2.
Proposal 5: Modulation order for SDR requirements are as follows.

· FR1: both 64QAM and 256QAM

· FR2: 64QAM
Proposal 6: No additional DMRS for SDR requirement. 

Proposal 7: For up to 2 MIMO layers, consider FDM of DMRS and PDSCH to increase TBS in a slot. 
Proposal 8: For SDR requirement, 
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 for TBS determination is set to 0.

Proposal 9: Send LS to RAN1/2 to clarify the usage of max date rate and scaling factor described in the section 4.1.2 in TS38.306.

· Ex. maximum TBS in all slots are limited by this formula or only averaged data rate are limited (i.e. TBS in each slot is not explicitly limited).
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