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1. Introduction
The EN-DC combination DC_25_n41 is already included in the Rel-15 specifications.  However, the specifications do not correctly account for degradation in sensitivity in Band 25 due to either single carrier transmission in Band n41 or simultaneous transmission in bands 25 and n41.  This contribution discusses the mechanisms which may cause receiver sensitivity degradation.
2. Discussion

The EN-DC band combination DC_25_n41 is already defined in Rel-15 38.101-3 without any specific MSD relaxation according to [1].  However, no analysis was provided in this bulk-approved text proposal document.  After a more careful study of this combination, it was found that there are several mechanisms which may degrade the reference sensitivity and for which MSD should be defined.  These are described below.

When the LTE DL CA configuration CA_25A-41A was defined in Rel-12, the uplink was only defined in Band 25.  One reason is that it was recognized that uplink in Band 41 would cause desense in the FDD receive band due to flyback behavior observed in the Band 41 filter.  The same was observed for CA_1A-41A which was originally defined with uplink only in Band 1 (uplink in Band 41 was recently added as an optional BCS1) and in CA_3A-41A where an MSD of 3 dB [2] was defined for Band 3 when the uplink is present in Band 41, as well as elevated TIB and RIB.  The uplink and downlink frequency ranges of these bands is shown below
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD


It can be seen that the edge-to-edge separation from UL in Band 41 to DL in the FDD bands is 326 MHz, 501 MHz, and 616 MHz for Bands 1, 25, and 3, respectively.  The same phenomenon of transmitter noise in Band n41 corrupting the receiver in Band 25 is present for EN-DC as well.  In fact, the effect is even more severe since the bandwidth for NR in Band n41 is much wider than for LTE CA.  Band n41 is defined with up to 100 MHz channel bandwidth, compared to a maximum of 20 MHz for LTE in Band 41.  Therefore, a much lower order non-linearity from the transmitter in n41 reaches the receiver in Band 25 causing more noise than was observed for LTE.
Receiver blocking is also a factor in this configuration that can degrade sensitivity.  The DC_25_n41 configuration is defined with maximum output power of 23 dBm (power class 3).  For a UE capable of dynamic power sharing, the total power (or very nearly so) might possibly appear at either Band 25 or Band n41 transmitters.  The potential receiver blocking degradation in Band 25 is dependent on the Band 25 Rx filter rejection in the Band n41 frequency range when the Band n41 transmitter claims the majority of the available transmit power.

Another source of receiver degradation comes from simultaneous transmission on LTE Band 25 and NR Band n41 in the EN-DC configuration.  When both uplinks are active, a cross-modulation term potentially impinges upon the Band 25 receive channel since the Band 25 Tx-Rx separation is smaller than the bandwidth of transmission on Band n41.  Band 25 supports up to 20 MHz channels with a Tx-Rx separation of 80 MHz.  Therefore, a transmission on the upper edge of the channel is only 60 MHz removed from the lower edge of the downlink channel.  A modulated transmission on Band n41 with bandwidth greater than or equal to 60 MHz can couple to the output of the Band 25 PA through the antenna and generate a third order cross-modulation term landing within the Band 25 Rx channel.
Observation:  Degradation in Band 25 receiver sensitivity can occur due to Band n41 PA noise, transceiver noise and spurious products, Band 25 receiver IP2 noise, and cross modulation interference.
Proposal 1:  MSD is revisited for DC_25_n41.
The mechanisms causing receiver desensitization have been described above, however, quantitative analysis to estimate the MSD requires careful measurement, definition of reference architecture (i.e., dual PA, 10 dB antenna isolation), and component performance assumptions (i.e., filter response, linearity parameters).  Moreover, the conditions for deriving MSD also need consideration.  For example, for a dynamic power sharing capable UE and EN-DC power class 3, the allocation of power between the two transmitters will influence the MSD.  For example, allocating most of the uplink power to Band 25 will not produce any MSD.  However, allocating most of the uplink power to Band n41 will cause the greatest cross-band transmitter noise and worst Rx IP2, but little cross modulation interference.  Moreover, the self noise generated in Band 25 will be negligible if the transmission power is mostly allocated to Band n41.  Allocating power equally between Band 25 and n41 will have lower cross band noise, lower IP2, but the greatest cross modulation and some generation of self-band noise.  

The following MSD assumptions are proposed:  

· Dual PA and separate antenna for each band (without separate diplexer) with 10 dB antenna isolation and 4 dB front-end loss,

· Full band n41 filter with Band 25 Rx band rejection of 32 dB, representing neither best case nor worst case of available filter performance,

· Band 25 rejection of Band n41 Tx is 50 dB

· Noise figure, IP2, IP3, transceiver spurious products according to each companies assumptions,

· Band n41 Tx bandwidth (uplink RB configuration) reduced to no more than approximately 60 MHz (160 RB’s for 30 kHz SCS) placed closest to B25 Rx band.  This is consistent with the approach taken for FDD reference sensitivity.
· Band n41 SCS is 30 kHz.  This is the only common SCS that is available for all bandwidths in n41.  Alternatively, the lowest SCS supported for a given channel bandwidth in the band could be used.  The difference in MSD between 30 kHz or lowest supported SCS is not expected to be significant; therefore, the simpler approach of fixed 30 kHz SCS is recommended.
· Evaluate both equal power of 20 dBm on each transmitter and 23 dBm on NR transmitter.  Specify the worst of the two as the MSD.
· The cross-band interference terms are correlated and equal power into each of the primary and diversity receivers of Band 25

Proposal 2:  The above assumptions are used for the purpose of estimating MSD with side conditions (i.e., uplink bandwidth, Tx power per carrier) reflected in the specification accordingly.

With these assumptions, an analysis for full 100 MHz uplink bandwidth in n41 and 5 MHz Rx in Band 25 with all of the power in n41 shows an MSD of 0.6 dB.  The cross modulation component of the analysis has not been completed yet so the case of equal power transmission on each carrier has not been run, so the results provided herein are tentative.  The specification for MSD in 38.101-3 (Table 7.3B.2.3.3-1) is defined as a function of receiver bandwidth in the victim band, but independent of transmitter bandwidth in the aggressor band.  Therefore, the worst case transmitter channel bandwidth should be evaluated; in the case of Band n41, the maximum channel bandwidth is 100 MHz.  
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
	
	
	
	
	
	
	

	n41
	25
	[-95.9]
	[-92.9]
	[-91.1]
	[-89.9]
	
	
	
	
	
	
	

	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
	
	
	
	
	
	
	

	n41
	3
	30
	160
	160
	160
	160
	
	
	
	
	
	
	

	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.


3. Conclusion

Although the EN-DC configuration DC_25-n41 has already been completed in the Rel-15 specifications without MSD, a closer study reveals several mechanisms that are likely to degrade receiver performance.  Due to the relatively close separation between Band 25 and Band n41, the flyback filter response of the Band n41 filter below the ISM band, and the wider bandwidths available for NR, receiver degradation is expected with uplink in Band n41 and/or simultaneous uplink in both bands.  Proposals for assumptions on parameters for MSD calculation are provided.
Proposal 1:  MSD is revisited for DC_25_n41.
Proposal 2:  The above assumptions are used for the purpose of estimating MSD with side conditions (i.e., uplink bandwidth, Tx power per carrier) reflected in the specification accordingly.
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