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1. Introduction
In this contribution, we specify intra-band contiguous and non-contiguous EN-DC RX requirements.
2. Discussion

In [1], there was a general WF to discuss how to handle EN-DC RX requirements. This was followed by a discussion on how to handle some of the specification details in [2]. In this contribution, we focus on specifying the requirements. EN-DC configurations for intra-band operation are shown in sub-clause 5.5B.2 and 5.5B.3 in TS 38.101-3 [5] for bands n41 and n71. We would like to propose RX requirements for intra-band contiguous and intra-band non-contiguous operation for these bands and other bands that could be potentially added in the future.
The requirements are meant for bands < 2.7GHz, since intra-band EN-DC do not exist in NR only bands above 3.3GHz for now.

2.1. Intra-band contiguous
For intra-band contiguous operation, it is expected to have both LTE and NR uplink active for RX tests. The Tx power is set such that PCMAX_L,c – 4dB for LTE uplink and PCMAX_L,f,c – 4dB for NR uplink. We discuss the details for maximum input, ACS, IBB, narrow band blocking, OBB, wide band intermodulation and spurious response.
2.1.1.  Maximum input
Refer to the requirements in sub-clause 7.4.1A with the following amendment:
Table 2.1.1-1: Maximum Input

	Power in Largest CC, E-UTRA or NR, dBm
	X1

	Power in each other CC, dBm
	X1 – 10*log10(Nx/Ny)

	NOTE 1:   Table 7.4-1 in 38.101 [3]

NOTE 2:
Nx is the number of RB’s in the largest carrier bandwidth and could be LTE or NR carrier

NOTE 3:
Ny is the number of RB’s in any other carrier.
NOTE 4:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L as defined in subclause 6.2.4 from 38.101-1.

NOTE 5:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


2.1.2.  ACS

Refer to the requirements in sub-clause 7.5.1A with the following amendment:
Table 2.1.2-1: ACS test case 1
	EN-DC Aggregated Bandwidth, MHz
	<=100
	>100, <=120
	>120, <=140
	>140, <=160

	ACS, dB
	X1
	19.2
	18.5
	17.9

	Pinterferer, dBm
	PI 2
	Aggregated power + 17.7 dB
	Aggregated power + 17 dB
	Aggregated power + 16.4dB

	Pw in Transmission BW configuration, per CC, dBm
	REFSENS +14dB

	NOTE 1:   X is ACS level from Table 7.5.1A-1 in 36.101
NOTE 2:
PI is from Table 7.5.1A-2 in 36.101
NOTE 3:
Jammer BW and offset is from Table 7.5.1A-2 and is applied from the lowest edge of the lowest carrier and the highest edge of the highest carrier
NOTE 4:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L,f,c as defined in subclause 6.2.4 from 38.101-1.

NOTE 5:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L,c at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L,c as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


Table 2.1.2-2: ACS test case 2

	EN-DC Aggregated Bandwidth, MHz
	<=100
	>100, <=120
	>120, <=140
	>140, <=160

	Pw in Transmission Bandwidth Configuration, perCC, dBm
	PW 1
	-42.7 +10log10(NRB,c/ NRB agg)
	-42 +10log10(NRB,c/NRB agg)
	-41.4 +10log10(NRB,c/NRB agg)

	Pinterferer, dBm
	-25

	NOTE 1:   PW is wanted signal power level from Table 7.5.1A-3 in 36.101
NOTE 2:
Jammer BW and offset is from Table 7.5.1A-3 and is applied from the lowest edge of the lowest carrier and the highest edge of the highest carrier
NOTE 3:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L,f,c as defined in subclause 6.2.4 from 38.101-1.
NOTE 4:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L,c at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L,c as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


2.1.3. IBB

Refer to the requirements in sub-clause 7.6.1.1A with the following amendment:
Table 2.1.3-1: In-band blocking 
	EN-DC Aggregated Bandwidth, MHz
	<=100
	>100, <=120
	>120, <=140
	>140, <=160

	Pw in Transmission Bandwidth Configuration, perCC, dBm
	REFSENS + Aggregated BW specific value below

	
	PW 1
	16.8
	17.5
	18

	NOTE 1:   PW is wanted signal power level from Table 7.6.1.1A-1 in 36.101

NOTE 2:   Interferer values are specified from Table 7.6.1.1A-2 in 36.101
NOTE 3:
Jammer BW and offset is from Table 7.6.1.1A-1 and is applied from the lowest edge of the lowest carrier and the highest edge of the highest carrier
NOTE 4:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L,f,c as defined in subclause 6.2.4 from 38.101-1.
NOTE 5:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L,c at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L,c as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


2.1.4. OBB

Refer to the requirements in sub-clause 7.6.2.1A with the following amendment:
Table 2.1.4-1: Out-of-band blocking 
	EN-DC Aggregated Bandwidth, MHz
	<=100
	>100, <=120
	>120, <=140
	>140, <=160

	Pw in Transmission Bandwidth Configuration, perCC, dBm
	REFSENS + Aggregated BW specific value below

	
	PW 1
	9
	9
	9

	NOTE 1:   PW is wanted signal power level from Table 7.6.2.1A-1 in 36.101

NOTE 2:   Interferer values are specified from Table 7.6.2.1A-2 in 36.101
NOTE 3:
Jammer BW and offset is from Table 7.6.2.1A-1 and is applied from the lowest edge of the lowest carrier and the highest edge of the highest carrier
NOTE 4:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L,f,c as defined in subclause 6.2.4 from 38.101-1.
NOTE 5:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L,c at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L,c as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


2.1.5. Narrow Band Blocking
Refer to the requirements in sub-clause 7.6.3.1A, since there is no narrow band requirement for bands < 2.7GHz for channel BW or aggregated BW > 100MHz.
2.1.6. Spurious Responses

Refer to the requirements in sub-clause 7.7.1A with the following amendment:
Table 2.1.6-1: Spurious Response Parameters 
	EN-DC Aggregated Bandwidth, MHz
	<=100
	>100, <=120
	>120, <=140
	>140, <=160

	Pw in Transmission Bandwidth Configuration, perCC, dBm
	REFSENS + Aggregated BW specific value below

	
	PW 1
	9
	9
	9

	Pinterferer, dBm (CW)
	-44

	NOTE 1:   PW is wanted signal power level from Table 7.7.1A-1 in 36.101

NOTE 2:   Interferer values are specified from Table 7.7.1A-1 in 36.101
NOTE 3:
Spurious frequencies is from Table 7.7.1A-1 in 36.101
NOTE 4:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L,f,c as defined in subclause 6.2.4 from 38.101-1.
NOTE 5:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L,c at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L,c as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


2.1.7. Intermodulation
Refer to the requirements in sub-clause 7.8.1A with the following amendment:
Table 2.1.7-1: Wide band intermodulation

	EN-DC Aggregated Bandwidth, MHz
	<=100
	>100, <=120
	>120, <=140
	>140, <=160

	Pw in Transmission Bandwidth Configuration, perCC, dBm
	PW 1
	16.8
	17.5
	18.0

	Pinterferer 1, dBm (CW)2
	-46

	Pinterferer 2, dBm (Modulated)2
	-46

	NOTE 1:   PW is wanted signal power level from Table 7.8.1A-1 in 36.101
NOTE 2:
Jammer BW and offsets is from Table 7.8.1A-1 and is applied from the lowest edge of the lowest carrier and the highest edge of the highest carrier
NOTE 3:
For NR carrier, the transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L,f,c as defined in subclause 6.2.4 from 38.101-1.
NOTE 4:
For E-UTRA carrier, the transmitter shall be set to 4dB below PCMAX_L,c at the minimum uplink configuration specified in Table 7.3-1-2 with PCMAX_L,c as defined in subclause 6.2.5 for single carrier and in Table 7.3-1A-1 with PCMAX_L as defined in subclause 6.2.5A for LTE-CA from 36.101.


Proposal 1: For intra-band contiguous, the following requirements are proposed:

· Maximum Input, the requirements are specified in Table 2.1.1-1.

· ACS, the requirements are specified in Table 2.1.2-1, 2.1.2-2.

· IBB, the requirements are specified in Table 2.1.3-1.

· Out of band blocking, the requirements are specified in Table 2.1.4-1.

· Narrow band blocking, the requirements are specified in section 2.1.5.
· Spurious responses, the requirements are specified in Table 2.1.6-1.

· Wide band inter-modulation, the requirements are specified in Table 2.1.7-1.

2.2. Intra-band noncontiguous

· Blocker tests shall be tested with 1 DL at a time, even though both NR and LTE DL’s are configured.

· The blocker shall be applied from the lowest edge of the lowest carrier and from the highest edge of the highest carrier, provided Wgap ≥ 2∙|FInterferer (offset),j|  – BWChannel(j). So, no blocker shall be tested in the gap if this condition is false.
· TX power shall be reduced to PCMAX_L,f,c – 7dB. 

· So, for each carrier, we have PCMAX_L,f,c – 3dB, to make sure the total power is below the power class limit. 

· Then, the TX power is reduced to [PCMAX_L,f,c – 3dB] -4dB to meet the following RX requirements.
· Currently, the supported EN-DC intra-band cases, such as DC_3A_n3A, DC_41A_n41A, DC_41C_n41A, DC_41D_n41A in TS 38.101-3 do not have any suspect cases where MSD is required for varying Wgap sizes. DC_3A_n3A is only switched uplink for now.
· In future, the spec would need to be revised to account for cases, where spec relaxation or REFSENS adjustment is needed for various Wgap sizes.
2.2.1. Maximum Input

For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.4.1 in for single carrier and sub-clause 7.4.1A for LTE-CA respectively from 36.101.  
For the NR sub-block, refer to the requirements in sub-clause 7.4 from 38.101-1.
2.2.2.  ACS

For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.5.1 for single carrier and sub-clause 7.5.1A for LTE-CA respectively from 36.101.

For the NR sub-block, refer to the requirements in sub-clause 7.5 from 38.101-1.

2.2.3. IBB

For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.6.1.1 for single carrier and sub-clause 7.6.1.1A for LTE-CA respectively from 36.101.

For the NR sub-block, refer to the requirements in sub-clause 7.6.2 from 38.101-1.

2.2.4. OBB

For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.6.2.1 for single carrier and in sub-clause 7.6.2.1A for LTE-CA respectively from 36.101.

For the NR sub-block, refer to the requirements in sub-clause 7.6.3 from 38.101-1.

2.2.5.  Narrowband blocking
For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.6.3.1 for single carrier and in sub-clause 7.6.3.1A for LTE-CA respectively from 36.101.

For the NR sub-block, refer to the requirements in sub-clause 7.6.4 from 38.101-1.

2.2.6. Spurious Response
For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.7.1 for single carrier and in sub-clause 7.7.1A for LTE-CA respectively from 36.101.

For the NR sub-block, refer to the requirements in sub-clause 7.7 from 38.101-1.

2.2.7. Intermodulation
For the E-UTRA sub-block containing 1 or multiple CC’s, refer to the requirements in sub-clause 7.8.1 for single carrier and in sub-clause 7.8.1A for LTE-CA respectively from 36.101.

For the NR sub-block, refer to the requirements in sub-clause 7.8.2 from 38.101-1.

Proposal 2: For intra-band non-contiguous, the following requirements are proposed:

· Maximum Input, the requirements are specified in Section 2.2.1.

· ACS, the requirements are specified in Section 2.2.2.

· IBB, the requirements are specified in Section 2.2.3.

· OBB, the requirements are specified in Section 2.2.4.
· Narrow band blocking, the requirements are specified in Section 2.2.5.

· Wide band inter-modulation, the requirements are specified in Section 2.2.6.

· Spurious responses, the requirements are specified in Section 2.2.7.

3. Conclusion
Proposal 1: For intra-band contiguous, the following requirements are proposed:

· Maximum Input, the requirements are specified in Table 2.1.1-1.

· ACS, the requirements are specified in Table 2.1.2-1, 2.1.2-2.

· IBB, the requirements are specified in Table 2.1.3-1.

· Narrow band blocking, the requirements are specified in Table 2.1.4-1.

· Out of band blocking, the requirements are specified in Table 2.1.5-1.

· Spurious responses, the requirements are specified in Table 2.1.6-1.

· Wide band inter-modulation, the requirements are specified in Table 2.1.7-1.

Proposal 2: For intra-band non-contiguous, the following requirements are proposed:

· Maximum Input, the requirements are specified in Section 2.2.1.
· ACS, the requirements are specified in Section 2.2.2.
· IBB, the requirements are specified in Section 2.2.3.
· OBB, the requirements are specified in Section 2.2.4.
· Narrow band blocking, the requirements are specified in Section 2.2.5.

· Wide band inter-modulation, the requirements are specified in Section 2.2.6.

· Spurious responses, the requirements are specified in Section 2.2.7.

References:
[1] R4-1811814 “WF on handling of receiver requirements in EN-DC”, Qualcomm, Inc.,3GPP TSG-RAN WG4 Meeting #88, Gothenburg, Sweden, 20-24 August, 2018
[2] R4- 1813355 “EN-DC RX Requirements”, 3GPP TSG-RAN WG4 Meeting #88Bis, Qualcomm, Inc Chengdu, China, 8-12 October, 2018
[3] 3GPP TS 38.101-1 V15.3.0, 2018-09

[4] 3GPP TS 36.101-1 V15.4.0, 2018-09
[5] 3GPP TS 38.101-3 V15.3.0, 2018-09

1
2

