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1. Introduction
In recent meetings, there has been ongoing discussion about mandating or enabling UE capability signaling to disallow simultaneous 2Tx for NSA operation.  This contribution provides a viewpoint on the discussions and presents a recommendation on how to discern “difficult” band combinations.
2. Discussion

2.1. Background

According to agreement in [1], RAN4 is to define a rule for categorization of band combinations, including channel assignments, to distinguish easy band/channel combinations from intermediate band/channel combinations from difficult band/channel combinations.  For easy and intermediate band/channel combinations, simultaneous 2Tx would be mandatory to support at the UE, whereas for difficult band/channel combinations, the simultaneous 2Tx feature could be subject to UE capability signaling for optionality.  The distinction between easy, intermediate, and difficult band combinations are illustrated to be defined by increasing MSD; however, it is also suggested that a rule using the presence of IMD and harmonics might also be considered.  
The first observation to be made is that “easy”, “intermediate”, or “difficult” does not refer to UE implementation complexity or design challenge.  Indeed, the need to suppress IM products found in some 2UL configurations can make the UE RF front-end design quite challenging.  However, in those cases, the problem is recognized and addressed in the specifications by allowing a degradation in sensitivity; i.e., an MSD.  Assuming that the MSD is computed properly, based on the technical analysis and contributions from multiple companies, the fact that IM products exist for a particular band combination does not indicate that it is particularly difficult since an MSD is available.  Therefore, the value of specified MSD has no correlation with the ease or difficulty of UE implementation.  It is erroneous to believe that capability signaling will enable a larger set of UE’s to support a band combination or that the lack of capability signaling will prevent UE’s from supporting a particular band combination with IM products and MSD.
Observation 1:  MSD is not well correlated with UE implementation complexity or challenge.  Capability signaling based on MSD or IM will not enable a larger set of UE’s to support a particular band combination.
On the other hand, it has been argued [2] that the reason for allowing a UE to signal that it cannot support simultaneous 2Tx for a given band/channel combination is to avoid self desense and poor performance in the network.  Indeed, for band/channel combinations where the MSD can be in excess of 30 dB, it is difficult to imagine a scenario that at 30 dB degraded refsens, the UE can still provide a satisfactory user experience.  However, it is important to recognize that the MSD is the maximum sensitivity degradation; in other words, it provides a lower limit on UE performance in the worst possible condition.  In many other conditions, the UE can perform well above its lower limit in performance.  For example, as described in [2], the MSD only applies to power-limited UE’s such as those UE’s located at the cell edge furthest away from their serving basestation.  Moreover, it only applies for specific uplink and downlink allocations.  When that same UE moves in closer proximity to the basestation or hands over to another basestation where it subsequently moves closer to cell center, transmit powers will not be at their maximum and receive power levels not at their minimum.  For occasions where the UE is not at the cell edge, the degradation due to IM interference may be significantly reduced, perhaps not even detectable, compared to the 30 dB worst case specification.  Even at cell edge, for different uplink and/or downlink allocations scheduled by the network, the degradation may also be significantly reduced.  However, since the proposed UE capability signaling is static or semi-static, it will never be scheduled for 2Tx transmission even if it dynamically moves away from the cell edge or the uplink/downlink allocation could be  scheduled differently and would otherwise be perfectly capable of good performance.  Moreover, in practice, most UE’s exceed the minimum performance requirement so even at the cell edge with the worst case allocation, the degradation will not be as large as 30 dB.  

Observation 2:  The MSD is a specified worst case performance under a restricted set of conditions.  Actual performance of the UE under other sets of conditions found in the network can be significantly better to the point of experiencing little to no degradation in receiver performance.

Observation 3:  The proposed capability signaling does not enable the scheduler to maximize performance of the UE, especially when it is under conditions that sensitivity degradation would not apply.

In a draft document [3] discussed during ad-hoc session of RAN4 NR AH3 in Nagoya, it was stated by the operators that a number of mitigation methods are available to reduce the impact of MSD.  The following example methods were cited in [3] for consideration
· Enable single-Tx UL from the UE on a dynamic basis, directed by the network or requested by the UE.

· For any LTE-NR band combinations, specific deployment scenarios including UE placement within the cell, needs to be considered.  For small cells or for UEs in the inner part of a cell, the Tx power is not high, making the probability of IMD issues much lower.  Lower UE Tx power can reduce possible IMD.

· For UEs in small cells, indoor cells, or near cell centre, the Rx SNR may be sufficiently high to mitigate any MSD issues.

· For many bands, if IMD exists in one location in the band, the network can direct or schedule the UE to tune to a different part of the band in order to avoid IMD.  And, latency UE MSD requirement which applies with IMD product(s) could come to a decision of scheduling operation.
· The UE could utilize power amps with better linearity and better dynamic range compared to the PA models used by RAN4. This would reduce IMD and hence, the MSD.
· The UE could use more advanced in-device-coexistence (IDC) techniques to mitigate issues related to MSD even for band combinations that could potentially have an MSD issue.
Without making commentary about the feasibility and efficacy of these particular examples, it is clear that there are additional options available in the event that IMD interference is impacting a band combination than merely by the UE reporting that it cannot support simultaneous 2Tx operation.  In fact, it may be that for the particular UE and network conditions at the moment, single Tx transmission is the desired solution.  The network scheduler can make that decision based on a number of inputs including its knowledge of the band, channel, and UL/DL RB assignment, CQI reporting, IDC signaling, or other available information [4] to schedule the UE for single Tx operation.  As described in [2], RAN1 is currently developing methods to enable single Tx operation in a TDM fashion between NR and LTE.  However, if the UE signals a capability that it does not support simultaneous 2Tx, then the network scheduler has no other choice but to revert to TDM single Tx operation for that UE.  There is no opportunity to employ other techniques to reduce the IMD interference or to use other technique to preserve the benefits of 2Tx transmission, such as improved latency, when UE and network conditions allow.  In fact, this view is not contradictory to the view expressed by the proponents of UE capability signaling where the specific proposal is 

“For LTE-NR DC band combinations with potential Rx MSD issues due to IMD, both single UL transmission and dual UL transmission are supported by the UE and network to avoid the REFSENS degradation”  (Proposal 1 from [2])
The proposal is that both single and dual UL transmission are to be supported by the UE even for those bands with potential Rx MSD issues.  

Observation 4:  Allowing a UE to signal that it does not support simultaneous 2Tx removes the opportunity for the network to employ other techniques besides single Tx operation to mitigate IMD interference.
2.2. Recommendation
Based on the above observations, it is recommended that 2Tx should be predominantly mandatory for most band combinations.  Following the parlance of [1], most band/channel combinations should be categorized is either “easy” or “intermediate”.  However, it is recognized that for cases of very large IMD interference where the worst case MSD approaches or exceeds 30 dB, then the opportunities to avoid significant receiver degradation are limited.  In these cases, it is agreeable to categorize the combination as “difficult” since the receiver degradation is not likely to be recoverable by network scheduling or when the UE moves away from the cell edge.  These largest MSD cases are found when IM2 products from the transmitters land into the receive band.  As summarized in [5] for 2UL/2DL LTE, the average MSD for IM2 is 28.05 dB whereas it is only 14.03 dB for IM3 and even smaller for lower IM orders.  It is important and consistent with [1], however, to localize even these IM2 cases to specific channels for which IM products land in the receive band, rather than to apply the UE capability signaling of optional 2Tx to all channels within the band combination.  

Proposal:  Band and channel combinations which suffer from IM2 can be categorized as “difficult” so that UE capability signaling of simultaneous 2Tx support for these band and channel combinations can be enabled.  All other band and channel combinations should be categorized as either “easy” or “intermediate” for which the UE should mandatorily support simultaneous 2Tx.
An inspection of the DC band combinations listed in [6] reveals that the following may be affected by IM2 interference for some channels.
	LTE band
	UL frequency range
	DL frequency range
	NR frequency range
	Potentially impacted Rx frequency range

	1
	1920 – 1980 MHz
	2110 – 2170 MHz
	3.3 – 4.2 GHz
	2110 – 2170 MHz

	3
	1710 – 1785 MHz
	1805 – 1880 MHz
	3.3 – 4.2 GHz
	1805 – 1880 MHz

	3
	1710 – 1785 MHz
	1805 – 1880 MHz
	3.3 – 3.8 GHz
	1805 – 1880 MHz

	39
	1880 – 1920 MHz
	1880 – 1920 MHz
	3.3 – 3.8 GHz
	1880 – 1920 MHz

	18
	815 – 830 MHz
	860 – 875 MHz
	3.3 – 4.2 GHz
	4115 – 4200 MHz

	28
	703 – 748 MHz
	758 – 803 MHz
	n50 (1432 – 1517 MHz)
	758 – 803 MHz


Table 1.  DC band combinations potentially impacted by 2UL IM2 self desense
Identification of specific channels within the bands of the band combination where IM products land is more complex.  Whether IM2 lands in the receive channel depends on the uplink channel and uplink allocation within the LTE band and the NR band, as well as the location of the receive channel.  The above table computes potential IM frequency ranges based on the limits of the band definition.  Therefore, the IM product may not actually land for all channels (LTE and NR) within the band.  Such a detailed analysis may not be warranted in a general sense for specification, but specific operator-specified channel configurations could be studied.  How to enable signaling of 2Tx capability for these particular channel-based configurations is TBD.
MSD should be specified for all combinations, including those impacted by IM2 and those impacted by other IM orders.  In the interest of time, interference levels used to compute MSD can be reused from LTE UL CA for combinations that are similar [7].
3. Conclusion

In this contribution, the following observations are made
Observation 1:  MSD is not well correlated with UE implementation complexity or challenge.  Capability signaling based on MSD or IM will not enable a larger set of UE’s to support a particular band combination.

Observation 2:  The MSD is a specified worst case performance under a restricted set of conditions.  Actual performance of the UE under other sets of conditions found in the network can be significantly better to the point of experiencing little to no degradation in receiver performance.

Observation 3:  The proposed capability signaling does not enable the scheduler to maximize performance of the UE, especially when it is under conditions that sensitivity degradation would not apply.

Observation 4:  Allowing a UE to signal that it does not support simultaneous 2Tx removes the opportunity for the network to employ other techniques besides single Tx operation to mitigate IMD interference.

Based on this observations, it is recommended that a UE capability to allow a UE to indicate that it cannot support simultaneous 2Tx is allowed for the cases with highest MSD since those are the cases where network mitigation strategies are least likely to recover the degradation in receiver performance.  Those cases with highest MSD are the ones affected by IM2 products.  In addition, it is important to consider channelization within the band since not all channels will experience such interference.  The IM2 is dependent on the frequency channel of each of the two uplinks as well as the downlink.  How to specify this remains TBD but defining all possible channels is not practical; therefore, one possibility is to evaluaate only for channelizations provided by interested operators.  However, for any other combinations other than the ones impacted by IM2 products, the UE should be mandated to support simultaneous 2Tx for the network to enable optimum performance.
Proposal:  Band and channel combinations which suffer from IM2 can be categorized as “difficult” so that UE capability signaling of simultaneous 2Tx support for these band and channel combinations can be enabled.  All other band and channel combinations should be categorized as either “easy” or “intermediate” for which the UE should mandatorily support simultaneous 2Tx.
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