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1	Introduction
In RAN4-84bis meeting, the WF [1] was approved in which RAN4 agreed on a methodology how to identify difficult intra-band combination to support dual UL transmission in LTE-NR DC. It was also agreed that for intra-band contiguous DC_71-n71 with 20 MHz maximum aggregated bandwidth, simultaneous dual UL transmission is mandatory. Even with the previous agreement, we have identified some technical challenges which we believe preventing the simultaneous dual UL transmission.
In this paper, we share the identified technical challenges.
2	Discussion
In the past couple of meetings, RAN4 had extensive discussions regarding a single or dual UL transmission mode in LTE-NR DC and the WF [1] was agreed. The main agreement was how to identify difficult band combinations so that UE has an option to support a single UL transmission mostly for the inter-band difficult combination. In addition to this agreement, simultaneous dual UL transmission had been agreed as mandatory for intra-band contiguous DC_71-n71 with up to 20 MHz aggregated bandwidth.

Observation 1: Simultaneous LTE Band 71 and NR Band n71 operation was agreed as mandatory in RAN4#84bis.


In Band 71, since DL (617 – 652 MHz) and UL (663 – 698 MHz) frequencies are quite closed each other and duplexer gap is only 11 MHz (from the edges) or 46 MHz (from the centers), Rx desense from Tx is obviously expected.

Single-Tx chain architecture
With 24 dBm Tx power and 55 dB duplexer isolation assumption, expected Rx desense (due to Tx noise in Rx band) is analyzed for different contiguous RB allocations for each of 25 (5 MHz BW), 50 (10 MHz), and 100 RB (20 MHz) cases. For 25 RB case, Tx noise in Rx band = -85 dBm/100 kHz + … + -80 dBm/100 kHz = -58 dBm/20 MHz. Considering duplexer isolation, actual Tx noise in Rx band is -113 dBm/20 MHz. This is an acceptable level. With similar calculation, -93dBm/20MHz (50 RB; 10 MHz BW) and -78dBm/20MHz (100 RB; 20 MHz BW) could be derived. From the analysis, Rx operation is already expected to suffer from desense with 50 RB case. For 100 RB allocation case, no Rx operation could be possible without a significant Tx power back-off, i.e. 10 – 15 dB.
Figure 1 shows an exemplary analysis for 100 RB case. When transmitting max power, Tx noise due to non-linear distortion effects is leaking into Rx band. Measured Tx PSDs in Rx band are -60 dBm/100 kHz at lower edge and -45 dBm/100 kHz at the higher edge. Integrated over 20 MHz Rx band gives -23 dBm/20 MHz and considering 55 dB duplexer isolation, actual Tx noise in Rx band is -78 dBm/20 MHz.
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Figure 1. Example of Rx desense analysis with 100 RB allocation case


Table 1. shows the summary of expected desense for each of 25, 50, and 100 RB cases.

	RB allocation
	BW
	Tx noise in Rx band
(w/o duplexer)
	Tx noise in Rx band
(w/ duplexer)

	25
	5 MHz
	-58 dBm/20 MHz
	-113 dBm/20 MHz

	50
	10 MHz
	-38 dBm/20 MHz
	-93 dBm/20 MHz

	100
	20 MHz
	-23 dBm/20 MHz
	-78 dBm/20 MHz


Table 1. Summary of expected desense for 25, 50, and 100 RB cases.


Observation 2: Single Tx simultaneous operation of LTE Band 71 and NR Band n71 is causing very high Rx dense due to Tx ACLR and noise in 1-Tx chain architecture.


Dual-Tx chain architecture
With dual-Tx chain, i.e. 2-PA and 2-ANT architecture, the desense issue would be mitigated but it does not solve the problem because reverse intermodulation products of the front-end components get critical for the Rx performance.
In our preliminary observation where PA transmits 26 dBm (1 RB allocation) and 0 dBm interferer is being injected at the output of the PA. With 36 dBm OIP3 assumption, Tx noise in Rx band (~-132dBm/Hz) is significant. Thus, depending on MSD, UE requires additional 40 – 50 dB isolation between PA outputs which is very challenging. To avoid IM3 hitting one of the Rx channels, network should limit the RB allocation (excluding full RB allocation) and configure Rx and Tx channels so that IM3 products do not hit the Rx . Subsequently, the Rx-Tx frequency separation should be kept to 46 MHz. In addition to IM3, IM5 level should be maintained less than -130dBm/MHz at PA output assuming 55 dB duplexer isolation. Alternatively, a significant power back-off is needed. However, this comes with throughput degradation. From implementation perspective, additional power amplifier modules and antenna cause additional cost and area increase on PCB for UE design which OEMs and operators have to decide.

Observation 3: Simultaneous LTE Band 71 and NR Band n71 with 2-Tx chain requires additional LB PA (e.g. integrated into SPAD) and antenna design. Such a configuration would be required only for LTE Band 71 and NR Band n71 simultaneous operation which requires additional cost and PCB area overhead for UE design.

Observation 4: Even with 2-Tx chain implementation, such a design cannot guarantee sufficient performance due to backward IM-products on FE components.


In fact, the DC_71-n71 scenario with simultaneous Tx operation performance issues in Rx is similar to selected low bands with similar Rx-Tx frequency separation in LTE. From LTE specification (Table 7.3.1-2 and Table 5.7.4-1 in TS 36.101) it is observed that for reference sensitivity testing of Band 20 where 20 MHz is specified with 20 RBs, the number of resource blocks is limited to 20 RBs only. Band 71 also has 20 MHz and 20 RBs specified together with a significant REFSENS degradation for more than 25 RBs due to PA out of band emissions. There are a couple of more examples, i.e. Band 8 (default Tx-Rx frequency separation of 45 MHz), Band 21 (default Tx-Rx frequency separation of 48 MHz), Band 26 (default Tx-Rx frequency separation of 45 MHz), and Band 28 (default Tx-Rx frequency separation of 55 MHz).
In the DC_71-n71 case the same limitations apply, while the Rx-Tx frequency separation is reduced from 46 MHz (1x10 MHz) to 36 MHz (2x10 MHz) which will further degrade REFSENS on the upper Rx channel. In this case 20 RBs (like in Band 13 with 31MHz duplex distance) should be the maximum RB allocation for reference sensitivity.

Observation 5: The DC_71-n71 scenario with simultaneous Tx operation performance issues in Rx are similar to selected low bands with similar Rx-Tx frequency separation in LTE. For more than 25RBs a degradation of ref sense due to PA out of band emissions is observed.

Observation 6: If the Rx-Tx frequency separation is reduced from 46 MHz to smaller, i.e 36 MHz (2x10 MHz) which will further degrade REFSENS on the upper Rx channel.  In this case, 20 RBs should be the maximum RB allocation for reference sensitivity.


From the observations above, we suggest the following proposals:

Proposal 1.1: Allow for capability signaling to enable DC_71-n71 Tx operation:
· with TDM switching between LTE and NR signal in the UL via the same Tx path up to antenna, or
· with simultaneous Tx operation with dedicated UL configuration for reference sensitivity testing and MPR/A-MPR relaxation

Proposal 1.2: Enable simultaneous DC_71-n71 Tx operation with a reference architecture of 1PA/1Tx defined. It is necessary to investigate and define allowed RB allocations for REFSENS as in the LTE case, MPR/A-MPR values and enable SCS alignment between LTE and NR for power control alignment. Implications on the link budget shall be understood.

Eventually, RAN4 needs to down select between the two proposals. 

3	Conclusions
In this contribution, we shared the technical challenges to support DC_71-n71 with simultaneous UL transmission. We made the following observations and proposals:

Observation 1: Simultaneous LTE Band 71 and NR Band n71 operation was agreed as mandatory in RAN4#84bis.

Observation 2: Single Tx simultaneous operation of LTE Band 71 and NR Band n71 is causing very high Rx dense due to Tx ACLR and noise in 1-Tx chain architecture.

Observation 3: Simultaneous LTE Band 71 and NR Band n71 with 2-Tx chain requires additional LB PA (e.g. integrated into SPAD) and antenna design. Such a configuration would be required only for LTE Band 71 and NR Band n71 simultaneous operation which requires additional cost and PCB area overhead for UE design.

Observation 4: Even with 2-Tx chain implementation, such a design cannot guarantee sufficient performance due to backward IM-products on FE components.

Observation 5: The DC_71-n71 scenario with simultaneous Tx operation performance issues in Rx are similar to selected low bands with similar Rx-Tx frequency separation in LTE. For more than 25RBs a degradation of ref sense due to PA out of band emissions is observed.

Observation 6: If the Rx-Tx frequency separation is reduced from 46 MHz to smaller, i.e 36 MHz (2x10 MHz) which will further degrade REFSENS on the upper Rx channel.  In this case, 20 RBs should be the maximum RB allocation for reference sensitivity.


Proposal 1.1: Allow for capability signaling to enable DC_71-n71 Tx operation:
· with TDM switching between LTE and NR signal in the UL via the same Tx path up to antenna, or
· with simultaneous Tx operation with dedicated UL configuration for reference sensitivity testing and MPR/A-MPR relaxation

Proposal 1.2: Enable simultaneous DC_71-n71 Tx operation with a reference architecture of 1PA/1Tx defined. It is necessary to investigate and define allowed RB allocations for REFSENS as in the LTE case, MPR/A-MPR values and enable SCS alignment between LTE and NR for power control alignment. Implications on the link budget shall be understood.
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Eventually, RAN4 needs to down select between the two proposals. 
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