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Introduction
An effort to reduce MSD for PC2 CA and DC combinations has been discussed for the last several meetings.  Although strong support has been received for the proposal with most companies recognizing the benefit, there are still concerns raised about the feasibility of reduced MSD for UE implementation.  
Discussion
A way forward proposal for improved MSD [1] was discussed but not agreed in RAN4#99e.  Because the proposal had already been discussed for several RAN4 working group meetings without progress, despite strong support from the operator community, the topic was raised at RAN#92e [2].  The outcome from the RAN plenary discussion resulted in the following agreement [3]
	Proposal #5: RAN can task RAN4 to do study on the objectives below in Q3 and come back to RAN in September to decide how to handle the topic
· Study feasibility of improving defining ”low MSD” for CA and DC band combinations
· Study the feasibility of specifying “low MSD” for CA/DC band combinations with MSD caused by H2/IM2/IM3. 
· One example band combination can be selected for feasibility study. 
· Discuss the capability signaling for network to distinguish UE with different MSD performance if RAN4 conclude specifying “low MSD” is feasible
· Discuss the way to introduce the improved ”low MSD” requirements and capability signaling in a release independent manner if RAN4 conclude specifying “low MSD” is feasible



Low MSD
The first sub-bullet in the above agreement states that fesaibility of specifying “low MSD” should be studied when MSD is caused by H2, IM2, and/or IM3.  One example band can be selected for the feasibility study.  Before feasibility is addressed, it is necessary to first understand whether the “low MSD” will be a mandatory requirement replacing the existing MSD value, or whether it will be an additional optional requirement (the existing requirement is still mandatory and is not replaced).  This distinction is important because if the low MSD will be a new minimum requirement, then feasibility should be verified for all UE’s.  On the other hand, if the low MSD is an additional optional requirement, then feasibility only requires that a subset of UE’s can meet it.  Our understanding is that low MSD would be an additional specification that is optional for the UE.
Observation:  Low MSD would be an additional optional specification fo the UE.  Not all UE’s are required or expected to meet it as it is proposed to be met based on a signaled capability.
The RAN plenary agreement is to study feasibility of specifying MSD for band combinations impacted by H2, IM2, and/or IM3.  An analysis [4] has previously been provided for Band n77 PC2 CA combinations.  The approach in [4] to improve the MSD is to assume a more aggressive PCB isolation of 90 dB compared to the assumed value of 60 or 65 dB when MSD was first derived.  No other parameter changes were assumed including the PC3 power level, the 2nd harmonic output of the PA, the front-end filtering rejection, etc.  This led to an H2 MSD improved specification of 2.3 dB compared to the original value of approximately 24 dB, a more than 20 dB improvement!  To confirm this result, a measurement was taken on a prototype device where an MSD of 1.6 dB was observed for a single device which is consistent with the analysis.  Similarly an IM2 MSD of 14.2 dB was derived by considering only the PCB isolation improvement.  The measurement on a prototype devices shows 1.8 dB IM2 MSD, so there is further room for improvement in the analysis.  
While the approach in [4] was to enhance the PCB isolation without improving anything else in the transmitter or the receiver, it is not the intention of this paper to suggest that improved PCB isolation is mandatory or is the only method by which MSD can be improved.  It is merely an example to illustrate the feasibility of MSD improvement and the magnitude of improvement available.  In fact, it is more likely that improved MSD will be met by also enhancing performance in other aspects of the transmit and receive chains rather than relying solely on PCB isolation as well as by more careful design practices taking into account the necessary isolation between Tx and Rx.  Device measurements on prototype devices as well as commercial devices [5][6] have been observed where there is zero actual MSD for configurations where the specification allows 20 dB.  In other words, the commercial devices are performing 20 dB better than specified by 3GPP.  It was also acknowledged by an OEM vendor “It is no surprise to see some UEs in the market perform better than the 3GPP minimum requirements. Typically high-end UEs are expected to perform better than low-end ones.” [7] that there will be some UE’s that perform much better than the current specification.  Thus, it is evident that significant MSD improvement is feasible for some devices in some band combinations.  How this is achieved is a matter of implementation.
Observation:  Significant MSD improvement is feasible for some devices in some band combinations.
One question to resolve is how to specify the MSD improvement and how to signal it.  Concerns have been raised on the amount of effort to specify MSD for the large number of combinations in the specification, especially if they are to be specified case-by-case.  However, the level of effort to specify the improved MSD does not need to be the same as the mandatory requirement.  Since the requirement is capability signaling based, the specification could be written with greater emphasis on the requirement of the network rather than the feasibility for all UE’s.  For example, it was proposed in [5] to signal “little or no MSD” and in [1] “low single digit.”  For the sake of discussion, we propose that the low MSD specification could be 6 dB for those band combinations where the current requirement is 10 dB and higher and 0 dB for those combinations where the current requirement is less than 10 dB.
Proposal:  “Low MSD” is specified as [6] dB for those band combinations where the current MSD is 10 dB or higher and [0] dB for those band combinations where the current MSD is below 10 dB.
Capability signaling
As described above, the ability of a UE to meet the low MSD requirement is not mandatory, but is capability signaled.  It is not anticipated that the entirety of all UE’s in a cell will be able to meet an aggressive MSD requirement, and therefore is recognized that a capability indication may be beneficial to the network scheduler to optimize performance across all UE’s.  However, the details of the capability signaling need to be agreed.  
The first consideration is whether the capability signaling is per-UE, per-band combination, or even further divided.  There is a tradeoff between how finely the capability should be defined.  A very fine capability allows the greatest flexibility for the UE to meet the requirement, but introduces the largest overhead in signaling and places a larger processing burden on the network scheduler.  On the other hand, a very gross capability is simpler, but lowers the likelihood that a UE will meet it since it must meet the requirement over a larger set of conditions (i.e., it might need to meet the MSD for all band combinations and/or for all MSD types).  Although many different approaches to divide the signaling can be envisioned, we list two for consideration
1. Per band combination
2. Per MSD type and order (i.e., H2, IM2, IMD3, etc)
Option 1 – per band combination signaling
If signaling is defined per band combination, then for a given band combination (CA or DC), the UE indicates that it can meet the conventional MSD (low MSD capability is FALSE) or low MSD (low MSD capability is TRUE) for each band combination that it supports.  If there are multiple MSD values for a single band combination, for example, one for H2, one for H4, and one for IM2, the UE should be able to meet low MSD as specified for all of them before it can signal the capability for the band combination.  In case there is MSD for UL CA that is not present for DL CA (for example, 2UL IMD), it is not proposed to signal UL and DL separately so if the UE signals the low MSD capability and it declares support for UL CA, then it should also meet the UL CA MSD.  If the UE does not declare support for UL CA, then the UL CA MSD is irrelevant to it.  
Option 2 – per MSD type and order signaling
Another option is to define capability signaling according to MSD type and order.  For example, if the UE indicates capability of low MSD for H2, then it should meet the low MSD for all second order harmonic based MSD for all band combinations that the UE supports.  If there is a single band combination for which the type and order of MSD cannot be met, then the UE should not signal the capability.
Between these two, option 1 is preferable.  Bands and band combinations are often designed in the UE with specific filtering, PA, and other front-end components that will impact their performance.  Thus, the band and band combination performance may not be inferred even if the MSD type and order are the same across other band combinations.  Moreover, configuration and verification of UE performance is generally done on a band and band combination basis.  Therefore, it is more natural to have the capability defined according to the band combination.
Proposal:  Low MSD capability signaling is per band combination.
Release independence
UE RF requirements for CA and DC are already included for release independence in 38.307 clause B.4.2 and B.4.6.  These include reference sensitivity and reference sensitivity exceptions for MSD.  Since the low MSD specification will be appended to the current reference sensitivity exceptions for MSD, it will also be included in these release independent requirements for CA and DC.  Furthermore, NR inter-band CA within FR1 for both power class 2 and power class 3 has been identified to be release independent to Rel-15 in Table 5.2.2-0 for 38.307.  Similarly, interband EN-DC within FR1 for both power class 2 and power class 3 has been identified to be release independent to Rel-15 in Table 8.1.2.1-0 for 38.307.  Thus, the UE RF requirements are already available to be release independent to Rel-15.  Whether the signaling can be release independent to Rel-15 remains to be determined.
Conclusion
This contribution discusses how the idea of UE capability signaling for a low MSD capability could be introduced into the 3GPP specifications according to the guidance received from RAN plenary.  The feasibility of low MSD is demonstrated by example analysis and observation of commercial device performance with the understanding that not all UE’s are mandated to support this capability.  Indeed, it is capability signaled.  It is proposed that the capability signaling is defined per band combination.  Finally, it is observed that CA and DC requirements (of which MSD is one) for the UE are already captured as part of the release independent specification to Rel-15.
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