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Introduction
Reference sensitivity has been defined for intra-band EN-DC with dual simultaneous uplink.  However, the specifications are not completed for the case where only a single uplink is active, yet both downlinks are active in the EN-DC configuration.  The following EN-DC configurations in the Rel-15 specifications are potentially impacted.
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	DC_(n)71AA
	DC_(n)71AA (Single Uplink)

	DC_2A-(n)71AA
	DC_2A_n71A
DC_(n)71AA

	DC_66A_(n)71AA
	DC_66A_n71A
DC_(n)71AA

	DC_2A-66A-(n)71AA
	DC_2A_n71A
DC_66A_n71A
DC_(n)71AA



Discussion
Intra-band contiguous EN-DC reference sensitivity is defined in sub-clause 7.3B.2.1 of 38.101-3 as follows
7.3B.2.1	Intra-band contiguous EN-DC
For intra-band contiguous EN-DC configurations, the reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports at which the throughput for the carrier(s) of the E-UTRA and NR CGs shall meet or exceed the requirements for the specified E-UTRA and NR reference measurement channels.
Sensitivity degradation is allowed for Intra-band contiguous EN-DC configurations listed in Table 7.3B.2.1-1 the reference sensitivity is defined only for the specific uplink and downlink test points which are specified in Table 7.3B.2.1-1 and E-UTRA and NR single carrier requriements do not apply.
Table 7.3B.2.1-1: Reference sensitivity (MSD) for intra-band contiguous EN-DC
EN-DC configuration / channel allocations /MSD 
EN-DC configuration
E-UTRA/NR band
FC (UL)
(MHz)
Channel bandwidth
(MHz)
UL
allocation (LCRB)
FC (DL)
(MHz)
MSD
(dB)
Duplex mode
DC_(n)71AA
71
665.5
5
5 (RBend =24)
619.5
0
FDD

n71
675.5
15
15 (RBstart = 0)
629.5
1.8

DC_(n)71AA
71
670.5
15
15 (RBend = 74)
624.5
0


n71
680.5
5
5 (RBstart = 0)
634.5
1.6

DC_(n)71AA
71
668
10
10 (RBend = 49)
622
0


n71
678
10
10 (RBstart = 0)
632
1.7

DC_(n)71AA
71
668
10
10 (RBstart = 0)
622
17.2


n71
678
10
10 (RBend = 51)
632
29.4





It can be seen that for both MCG and SCG uplink carriers are active generating IM products which impinge upon the downlink band.  Therefore, MSD has been specified for specific uplink and downlink test points to verify reference sensitivity performance.  Moreover, it is stated that single carrier reference sensitivity requirements do not apply, even outside of these specific test points since these test points are not intended to exhaustively cover all conditions where IM products degrade single carrier reference sensitivity.
Observation:  The existing specifications for intra-band contiguous EN-DC are defined for the case of simultaneous uplink in each cell group.  For the case where uplink is available in only one of the cell groups, the same MSD requirement could be made to apply but would not be meaningful.  
Single uplink channel configuration
What is missing from the specification, however, is the reference sensitivity requirement in case only one uplink is active, but both MCG and SCG downlinks are active.  This scenario can arise in two ways.  The first is for the case of single UL transmission only, for example, TDM uplink transmission for a UE that does not support dynamic power sharing.  The second is for a case of EN-DC with inter-band DL CA.  An example is DC_2A_(n)71AA.  In this case, the EN-DC configuration consists of the E-UTRA MCG in CA_2A-71A and the NR SCG in n71A.  The MCG in this case is a DL CA configuration with PCC only in Band 2; hence, there is no uplink in Band 71A.  As for all EN-DC configurations, reference sensitivity is expected to be measured with all uplink carriers in all cell groups active as well as all downlink carriers in all cell groups active.  In the band 71/n71, since uplink is not supported in Band 71A in the example configuration, the only uplink present is from Band n71A while downlink carriers are present in both n71A and 71A.  Since only a single uplink carrier is present, the MSD as specified for DC_(n)71AA does not apply and no other requirement is available since the specification states that single carrier reference sensitivity requirements do not apply.  While it may be tempting to simply apply single carrier reference sensitivity requirements in this case where only a single uplink is active, Band 71 exhibits a narrow Tx-Rx separation so the uplink potentially interferes with the downlink.  Therefore, especially in the case that the E-UTRA downlink channel is closer to the NR uplink channel, further consideration is required.  The possible configurations are illustrated below
[image: ]
Figure 1. MCG and SCG configuration possibilities for reference sensitivity
Analogous cases can be envisioned with LTE as the single uplink carrier instead of NR, but the following discussion focuses on the case of NR uplink.  The first configuration in the diagram illustrates the reference sensitivity configuration for standalone NR in Band n71.  It has already been recognized that due to the close Tx-Rx separation, the uplink configuration shown in the dark shaded portion is restricted to 25, 20, and 20 RB’s for 5, 10, and 15 MHz channels.  Additionally, the reference sensitivity for 15 and 20 MHz channels for standalone operation are also relaxed due to counter-IM and other Tx noise.  For the partial EN-DC configuration with uplink only in the NR SCG in the second figure, the LTE channel is located higher in frequency than the NR channel.  In this configuration, the NR uplink will be closer to the LTE downlink than in a standalone configuration.  It is therefore expected that reference sensitivity in the LTE downlink will be degraded as further described below.  In the third figure, the LTE channel is placed lower in frequency than the NR channel.  For this configuration, the separation from uplink to downlink is guaranteed to be no smaller than that afforded for standalone operation.  The LTE downlink is further away from the NR uplink than standalone operation so it is expected that standalone reference sensitivity can be met or exceeded
Observation:  Two options for placement of LTE channel relative to NR channel exist.  For LTE channel below the NR channel when NR is transmitting, the standalone reference sensitivity definition can be reused.  For LTE channel above the NR channel when NR is transmitting, a new reference sensitivity definition is required to account for smaller separation between Tx and Rx.
The same situation arises in intra-band uplink carrier aggregation.  In that case, the specifications were written only for the case where the SCC receive channel is placed further away from the uplink than the PCC receive channel in LTE 36.101 specifications and in the NR 38.101-1 Rel-16 specifications.  Therefore, single-carrier reference sensitivity could be reused.
In case downlink CA configuration has additional SCC(s) compared to uplink CA configuration those are configured furthers away from uplink band. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than any of the downlink SCC center frequency.  (Excerpt from 36.101 sub-clause 7.3.1A)
For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.2-3 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than any of the downlink SCC center frequency.  (Excerpt from 38.101-1 version 16.0.0, sub-clause 7.3A.2.1)
The same approach of placing the DL-only carrier further from the uplink for the purpose of reference sensitivity could be followed here as well.
Proposal:  Define reference sensitivity according to the option where the additional downlink-only channel is further away from the uplink than the standalone Tx-Rx separation.
MSD evaluation
On the other hand, if it is required to define reference sensitivity for the configuration where the LTE channel is higher than the NR channel, then several factors require consideration.  Due to the narrow duplex separation in Band 71/n71, it has already been identified that degradation from Tx to Rx will exist requiring MSD.  The standalone reference sensitivity requirements for NR in Band n71 include MSD for 15 and 20 MHz channel bandwidths accounting for spectral regrowth from the transmitter as well as spurious products such as counter-IM from the transmitter and receiver IP2.  For a configuration where the Rx channel is closer, these effects will be even more pronounced.  While the Tx to Rx encroachment was limited to 15 and 20 MHz channels for standalone reference sensitivity, it is expected that MSD will be required even for 5 and 10 MHz channels.
Channel bandwidths for DC_(n)71AA are defined in 38.101-3 and shown below
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths for NR carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_(n)71AA
	DC_(n)71AA
	15
	5
	
	20
	0

	
	
	10
	5, 10
	
	
	

	
	
	5
	5, 10, 15
	
	
	

	
	
	
	5
	15
	
	

	
	
	
	5, 10
	10
	
	

	
	
	
	5, 10, 15
	5
	
	



The worst case channel bandwidth configurations are those where the aggregated bandwidth is 20 MHz; i.e., 5 + 15, 10 + 10 and 15 + 5 MHz.  It is proposed to focus on these worst case bandwidth combinations, recognizing that other combinations may also exhibit reference sensitivity degradation even if they are not worst case.  
	NR Tx fc
	665.5
	668
	670.5

	NR CBW
	5
	10
	15

	Refsens UL config (15 kHz SCS)
	25
	25
	20

	LTE Rx fc
	629.5
	632
	634.5

	LTE CBW
	15
	10
	5

	
	
	
	

	C-IM5
	No
	No
	Yes

	C-IM7
	No
	Yes
	Yes

	
	
	
	

	Spectral regrowth (normalized Tx/Rx separation)
	5.5
	4.92
	5.425



Clearly, a more sophistical analysis is required if MSD is to be properly defined for the configuration where the downlink channel is placed closer to the uplink channel.  Since the base configuration for the DC_(n)71AA configuration is already defined in the Rel-15 specifications, a simpler approach of clarifying the location of the downlink carrier further away from the uplink carrier would be a less invasive modification to the specification as described below.
Specification
If it is agreed to write specifications assuming that the DL-only channel is placed further away from the uplink than its own paired downlink (no requirement would apply if placed otherwise) similar to intra-band UL CA specifications, then the following adjustments are proposed
· Uplink configuration according to SA specification,
· No additional MSD needs to be specified, the SA reference sensitivity can apply, and
· Uplink power for all uplink carriers is limited by EN-DC PCMAX.
If it is agreed to write specifications according to worst case placement of the DL-only channel, then the following adjustments are proposed.  The MSD calculations would need to be performed for each intra-band EN-DC combination with single uplink, though for the current release of the specification DC_(n)71AA is the only configuration impacted.
· Uplink configuration according to SA specification,
· Uplink power for all uplink carriers is limited by EN-DC PCMAX,
· The worst case MSD is specified among all channel bandwidth combinations,
· The worst case MSD is specified for either NR transmit or LTE transmit,
· The lowest SCS supported in the band is specified (assuming mixed-numerology not supported),
Conclusion
For intra-band contiguous EN-DC in FDD bands, it has been identified that reference sensitivity is not adequately specified in case a single uplink is active, but both downlinks are active.  If one of the active downlink channels is closer to the uplink channel (for example, the LTE downlink channel is closer to the NR uplink channel) than the standalone duplex separation, then the standalone reference sensitivity cannot be met.  It is proposed that for the purpose of reference sensitivity, any downlink-only channels are placed further away from the uplink than the paired channels following the approach used for intra-band contiguous DL CA.  A CR is provided in [1].  On the other hand, if this approach cannot be agreed, then MSD would need to be defined.  The contribution outlines MSD evaluation for the DC_(n)71AA configuration for further study.
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