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1. Introduction
A number of FDD-TDD EN-DC configurations have been defined in the Rel-15 38.101-3 specifications.  However, for some FDD-TDD EN-DC configurations, MSD due to close proximity of uplink to downlink has not been defined.  
2. Discussion

It is well understood that for band combinations where the uplink channel is in close proximity to the downlink channel, the reference sensitivity is expected to be degraded if simultaneous transmission on the uplink is present.  The particular scenario discussed in this contribution is an NR uplink in close proximity to an LTE downlink in the connected band for an EN-DC configuration.  The EN-DC configurations identified in this contribution place the NR in the TDD band and the LTE in an FDD or TDD band.  Typically, UE implementations employ gentler filters in the TDD band since there is no self-band Tx rejection required which enables lower front-end insertion loss.  However, one consequence is that the rejection to nearby bands is also generally lower.  More importantly, NR offers much wider bandwidths than LTE with some bands supporting up to 100 MHz channel bandwidth.  The most obvious manifestation of the wider bandwidth is  higher Tx spectral regrowth noise at larger frequency offsets removed from the transmission channel.  Other effects are also present.  For example, the cross modulation effect when simultaneous wideband transmission on NR is present with narrowband transmission on LTE reaches further due to the wider channels or NR.  Therefore, third order cross modulation terms are more likely to impact receiver bands, especially for those FDD bands with relatively narrow duplex.  Lastly, baseband spurious products such as C-IM3 or Tx DAC sampling images extend further due to wider channel bandwidths available for transmission and are more likely to impinge upon receive bands when they might not have previously reached for LTE carrier aggregation.

The 36.101 and 38.101 specifications have made accommodations for cross band Tx-to-Rx degradation in several different ways.  An MSD table has been created in Table 7.3B.2.3.3-1: Reference sensitivity exceptions due to close proximity of bands for EN-DC in NR FR1 in TS 38.101-3, but so far, only a single entry DC_3_n1 has been populated in this table.  A separate table for MSD due to insufficient cross-band isolation has been created in Table 7.3B.2.3.4-1: Reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1 with bands in DC_41_n77 and DC_41_n78 included so far.  In 36.101, several FDD-TDD CA combinations of this nature were defined restricting uplink to only the FDD band or to allow uplink in the TDD band as a distinct BCS option in one case.  However, the option to restrict uplink to only the FDD band cannot be applied to dual connectivity since both uplinks are required.  Lastly, for TDD-TDD bands, a signaling capability has been created to allow the UE to indicate that it cannot support simultaneous Tx-Rx.  When signaled as such, the UE is only capable of meeting performance when Tx is orthogonal to Rx in the time domain, so no interference to Rx occurs.  It is observed that some EN-DC combinations have been specified in 38.101-3 as mandatory simultaneous Tx-Rx but presumably those combinations either do not have an MSD problem or those bands already have MSD defined.  While signaling that simultaneous Tx-Rx is not supported can be a solution to TDD-TDD EN-DC where the MCG and SCG might be synchronized for example, the same solution may not be feasible for FDD-TDD EN-DC since it would require tight scheduling of FDD grants to align with TDD grants yet at the same time adhering to the hybrid ARQ timelines.  MSD may be a more preferred solution to FDD-TDD EN-DC.
Proposal 1:  Define MSD for those FDD-TDD EN-DC configurations where cross-band Tx-Rx interference may occur.

Proposal 2:  For those TDD-TDD EN-DC configurations where cross-band Tx-Rx interference may occur, either define MSD or allow the UE to signal that it is not capable of meeting performance requirements for simultaneous Tx/Rx.  The choice between these two depends on whether it is anticipated that the two TDD cells will be synchronized with each other.
The following table is a summary of the FDD-TDD and TDD-TDD EN-DC configurations for two bands.  The highlighted entries have been identified as requiring MSD.  For the TDD-TDD configurations, either MSD can be defined or the configuration can allow for non-simultaneous Tx-Rx operation.

	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed
	NR Tx to LTE Rx Sep
	Normalized Sep

	
	
	
	
	
	

	DC_1_n40
	1
	n40
	No
	130
	1.625

	DC_1_n51
	1
	n51
	No
	678
	135.6

	DC_1_n773
	1
	n77
	DC_1_n77
	1130
	11.3

	DC_1_n783
	1
	n78
	No
	1130
	11.3

	DC_1_n793
	1
	n79
	No
	2230
	22.3

	DC_2_n78
	2
	n78
	DC_2_n78
	1310
	13.1

	DC_3_n40
	3
	n40
	No
	420
	5.25

	DC_3_n51
	3
	n51
	No
	373
	74.6

	DC_3_n773
	3
	n77
	DC_3_n77
	1420
	14.2

	DC_3_n783
	3
	n78
	DC_3_n78
	1420
	14.2

	DC_3_n793
	3
	n79
	No
	2520
	25.2

	DC_5_n40
	5
	n40
	No
	1406
	17.575

	DC_5_n783
	5
	n78
	No
	2406
	24.06

	DC_7_n51
	7
	n51
	No
	1188
	237.6

	DC_7_n783
	7
	n78
	No
	610
	6.1

	DC_7-7_n783
	CA_7-7
	n78
	No
	#N/A
	#N/A

	DC_8_n40
	8
	n40
	No
	1340
	16.75

	DC_8_n773
	8
	n77
	No
	2340
	23.4

	DC_8_n783
	8
	n78
	No
	2340
	23.4

	DC_8_n793
	8
	n79
	No
	3440
	34.4

	DC_11_n773
	11
	n77
	No
	1804.1
	18.041

	DC_11_n783
	11
	n78
	No
	1804.1
	18.041

	DC_11_n793
	11
	n79
	No
	2904.1
	29.041

	DC_18_n773
	18
	n77
	No
	2425
	24.25

	DC_18_n783
	18
	n78
	No
	2425
	24.25

	DC_18_n793
	18
	n79
	No
	3525
	35.25

	DC_19_n773
	19
	n77
	No
	2410
	24.1

	DC_19_n783
	19
	n78
	No
	2410
	24.1

	DC_19_n793
	19
	n79
	No
	3510
	35.1

	DC_20_n51
	20
	n51
	No
	606
	121.2

	DC_20_n77
	20
	n77
	No
	2479
	24.79

	DC_20_n783
	20
	n78
	No
	2479
	24.79

	DC_21_n773
	21
	n77
	No
	1789.1
	17.891

	DC_21_n783
	21
	n78
	No
	1789.1
	17.891

	DC_21_n793
	21
	n79
	No
	2889.1
	28.891

	DC_25_n41
	25
	n41
	No
	501
	5.01

	DC_26_n413
	26
	n41
	No
	1602
	16.02

	DC_26_n773
	26
	n77
	No
	2406
	24.06

	DC_26_n783
	26
	n78
	No
	2406
	24.06

	DC_26_n793
	26
	n79
	No
	3506
	35.06

	DC_28_n51
	28
	n51
	No
	624
	124.8

	DC_28_n773
	28
	n77
	No
	2497
	24.97

	DC_28_n783
	28
	n78
	No
	2497
	24.97

	DC_28_n793
	28
	n79
	No
	3597
	35.97

	DC_66_n78
	66
	n78
	No
	1100
	11

	 
	 
	 
	 
	 
	 

	DC_38_n78
	38
	n78
	No
	680
	6.8

	DC_39_n781,3
	39
	n78
	No
	1380
	13.8

	DC_39_n793
	39
	n79
	No
	2480
	24.8

	DC_40_n77
	40
	n77
	No
	900
	9

	DC_41_n77
	41
	n77
	No
	610
	6.1

	DC_41_n78
	41
	n78
	No
	610
	6.1

	DC_41_n792,3
	41
	n79
	No
	1710
	17.1

	DC_42_n51
	42
	n51
	No
	1968
	393.6

	DC_42_n775
	42
	n77
	N/A
	-800
	-8

	DC_42_n785
	42
	n78
	N/A
	-400
	-4

	DC_42_n795
	42
	n79
	N/A
	800
	8


Proposal 3:  Evaluate MSD for DC_1_n40, DC_3_n40, DC_7_n78, DC_25_n41 and provide correction to the specification, as appropriate.  Apply the MSD’s for higher order EN-DC combinations that include these two-band combinations.
In order to compute MSD, however, it may be beneficial to understand what assumptions should be taken.  For example, MSD will be a function of the separation between Tx and Rx as well as the uplink and downlink bandwidths.  Moreover, for the uplink the RB configuration will also play an important role.  For example, MSD specifications in the past have been defined separately for different separations between uplink and downlink channels (i.e., greater than 60 MHz or less than 60 MHz), as a function of the receiver bandwidth but agnostic of the transmitter bandwidth assuming a restricted UL RB configuration.  Looking at the tables in 38.101-3, it can be seen that the tables were built assuming that the MSD would be a function of the receiver channel bandwidth, but independent of the uplink channel bandwidth.  Note 1 in Table 7.3B.2.3-2 states that the UL configuration applies regardless of the channel bandwidth of the UL band.  This suggests that the UL configuration (number of RB’s) must be a value that fits within the smallest uplink channel bandwidth supported in the EN-DC configuration.  For example, if the uplink band supports bandwidths 5, 10, 15, and 20 MHz, then a single UL configuration value would apply for all uplink channel bandwidths since the table is only a function of downlink channel bandwidths.  If only a single value can apply, then the value must be no larger than 25 RB’s for 15 kHz SCS since a value any larger than that would not fit inside a 5 MHz channel.  However, limiting the uplink configuration to 25 RB’s in a 20 MHz channel is perhaps too restrictive.  The note should be revised to set the uplink configuration as the smaller of the value specified in the table or the largest UL configuration allowed in the channel.

Table 7.3B.2.3.3-1: Reference sensitivity exceptions due to close proximity of bands for EN-DC in NR FR1

	E-UTRA or NR Band / Channel bandwidth of the affected DL band

	UL band
	DL band
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	25 MHz

(dBm)
	40 MHz

(dBm)
	50 MHz

(dBm)
	60 MHz

(dBm)
	80 MHz

(dBm)
	90 MHz

(dBm)
	100 MHz

(dBm)

	n1
	3
	-94
	-91.5
	-90
	-89
	
	
	
	
	
	
	

	n1
	3
	-97
	-94
	-92.2
	-91
	
	
	
	
	
	
	

	NOTE 1:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band n1 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.

NOTE 2:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band n1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.


Table 7.3B.2.3-2: Uplink configuration for reference sensitivity exceptions due to close proximity of bands for EN-DC in NR FR1

	E-UTRA or NR Band / SCS / Channel bandwidth of the affected DL band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz


	10 MHz


	15 MHz


	20 MHz


	25 MHz


	40 MHz


	50 MHz


	60 MHz


	80 MHz


	90 MHz


	100 MHz



	n1
	3
	
	25
	25
	25
	25
	
	
	
	
	
	
	

	n1
	3
	
	25
	45
	45
	45
	
	
	
	
	
	
	

	NOTE 1:
The UL configuration applies regardless of the channel bandwidth of the UL band. UL resource blocks allocation in the table shall be further limited to that specified in Table 7.3.1-2 in TS 36.101 [4] or Table 7.3.2-3 in TS 38.101-1 [2].

NOTE 2:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz.

NOTE 3:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz.


Proposal 4:  Uplink configuration in Table 7.3B.2.3-2 should be the smaller of the transmission bandwidth configuration and the value specified in the table.  Note 1 should be modified accordingly.

Since the specified MSD value is independent of uplink channel bandwidth, then the value should be based on the uplink bandwidth that gives the largest MSD.  Generally, this should be the widest UL channel bandwidth.  As specified for FDD reference sensitivity, the uplink configuration may be reduced to minimize the effect of Tx PA spectral regrowth noise to properly test the noise figure of the receiver.  The uplink RB’s should be placed at the edge of the channel closest to the receive band.
Proposal 5:  For FDD-TDD MSD evaluation and specification when the uplink is in the TDD band, the widest channel supported in the uplink shall be used with reduced RB allocation to minimize Tx spectral regrowth noise and placed at the edge of the band closest to the FDD downlink band.
Proposal 6:  For TDD-TDD EN-DC combinations DC_38_n78 and DC_40_n77, decide whether MSD should be defined or whether to continue to allow non-simultaneous Tx-Rx UE capability.

3. Conclusion

FDD-TDD EN-DC combinations may be subjected to MSD due to close proximity between uplink in NR TDD and downlink in LTE FDD or TDD bands.  The specifications do not currently account for this and evaluation should be done to add the appropriate MSD.  Several proposals are made in this contribution related to MSD for FDD-TDD and TDD-TDD EN-DC configurations where there is the possibility of cross-band Tx-Rx interference.

Proposal 1:  Define MSD for those FDD-TDD EN-DC configurations where cross-band Tx-Rx interference may occur.

Proposal 2:  For those TDD-TDD EN-DC configurations where cross-band Tx-Rx interference may occur, either define MSD or allow the UE to signal that it is not capable of meeting performance requirements for simultaneous Tx/Rx.  The choice between these two depends on whether it is anticipated that the two TDD cells will be synchronized with each other.
Proposal 3:  Evaluate MSD for DC_1_n40, DC_3_n40, DC_7_n78, DC_25_n41 and provide correction to the specification, as appropriate.  Apply the MSD’s for higher order EN-DC combinations that include these two-band combinations.
Proposal 4:  Uplink configuration in Table 7.3B.2.3-2 should be the smaller of the transmission bandwidth configuration and the value specified in the table.  Note 1 should be modified accordingly.

Proposal 5:  For FDD-TDD MSD evaluation and specification when the uplink is in the TDD band, the widest channel supported in the uplink shall be used with reduced RB allocation to minimize Tx spectral regrowth noise and placed at the edge of the band closest to the FDD downlink band.

Proposal 6:  For TDD-TDD EN-DC combinations DC_38_n78 and DC_40_n77, decide whether MSD should be defined or whether to continue to allow non-simultaneous Tx-Rx UE capability.
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