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[bookmark: _Toc111071355]7	Study of signalling for improved lower MSD
7.x Possible MSD reporting approaches
7.x.x Candidate solution 1: MSD reporting depending on frequency region
On the way to feasibility study on how much MSD improvement to be expected, it was found that it is feasible to reduce drastically MSD, in some cases, it takes a cost, e.g., increasing PCB isolation alone may not be able to achieve MSD to be zero. With this outcome in mind, there were discussion on how many thresholds to be defined for reporting MSD as well as how reported lower MSD value(s) to be utilized by gNB. All the aforementioned discussion is based on MSD in Block A according to a specified test scenario as illustrated in top right in Figure 7.x.x-1, where RAN4 has selected a combination of an aggressor UE channel bandwidth (also # of RBs) and a victim channel bandwidth so as to enable 2nd UL harmonic to hit the entire spectrum in Block A as well as most of the power to be contained in Block A. 
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Figure 7.x.x-1: MSD test condition for 2nd UL harmonic
It’s noted that with respect to 2nd UL harmonic case for at least PC3, it is very likely that MSD in Block C would be zero if lower MSD capability is reported provided that specified MSD for this region would be a few dB. Still, however, MSD in Block B remains undefined or unpredicted. This is quite an unfortunate situation since even if a lower MSD, e.g., 15 dB is reported, if e.g., RSRP doesn’t reach a threshold, the network may avoid configuring the UE with CA, may try to configure the UE with CA using DL resource in Region C as shown in Case 1 in Figure 7.x.x-1, and/or may try to schedule UL resources in a way to minimize 2nd UL harmonic impact on scheduled DL resources, but if there are other users in the same network, it may not be possible for the network to take any measures to the UE. If the network, however, clearly knows that e.g., Block B has no MSD, the UE might get higher possibility to configured with CA using DL resource in Block B and/or C as shown in Case 2 in Figure 7.x.x-1 since the network can have more flexibility in terms of available resources. Hence, clarifying MSD = 0 dB region gives network more flexibility in terms of resource allocation and UE higher possibility in terms of CA configuration as depicted in case 2 in Figure 7.x.x-1.
Observation 1: Reporting from where MSD = 0 dB with respect to the center of a victim channel bandwidth in the specification(s) provides a network more flexibility to decide CA configuration as well as frequency resource scheduling, and this would increase possibility for the UE to get CA configured with. 
Another aspect would be there may be cases, e.g., an operator whose band doesn’t have MSD in a way that the entire channel bandwidth is impacted by an MSD root cause, but rather only an upper part of the channel has MSD as can be seen in Figure 7.x.x-2. 
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Figure 7.x.x-2: A case where a part of victim channel bandwidth is affected by MSD
Observation 3: Reporting MSD = 0 dB region can provide NW with more flexibility in terms of resource scheduling even if an operator has MSD in a limited part of their spectrum.
If a UE doesn’t have so-called lower MSD capability being discussed, a network may assume that the upper part of the channel bandwidth is affected by the specified MSD, e.g., 30 dB as the worst case. Even if a UE has the lower MSD capability of e.g., 15 dB, still network may consider that the upper part of the victim channel bandwidth has 15 dB MSD as the worst case while actually, the UE may not have MSD in the upper part of the operator’s spectrum at all, i.e., MSD = 0 dB. If somehow this information is reported to the network, the operator’s network resource schedule can be free from MSD of 
Observation 3: Reporting MSD = 0 dB region can provide NW with more flexibility in terms of resource scheduling even if an operator has MSD in a limited part of their spectrum.
A question may arise that if a noise due to MSD root cause is actually not flat? Figure 7.x.x-3 shows 2nd UL harmonic spectrum, where horizontal axis of -1 to +1 is corresponding to a victim channel bandwidth size. It can be seen that the noise due to 2nd UL harmonic sharply decrease as the position becomes close to the channel edges from the center. Hence, it would be likely that a UE with lower MSD capability can have wider MSD zero region than the UE without lower MSD capability.
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Figure 3: H2 spectral extracted from [3]
Hence, even if a UE cannot indicate MSD = 0 dB based on the existing MSD test condition, i.e., in the entire Block A in the top in Figure 7.x.x-4, some part of Block B may have MSD = 0 dB as shown in the middle in Figure 7.x.x-4. Or if a UE has better lower MSD capability, the UE may have MSD = 0 dB region even in inside Block A as shown in the bottom in Figure 7.x.x-4. 
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Figure 7.x.x-4: relationship of MSD existence region between specification and a UE with lower MSD
Observation 4: Even if a UE with better isolation still may have challenges in achieving MSD = 0 dB based on the existing MSD definition, i.e., Block A in Figure 7.x.x-4, but the UE can have MSD = 0 dB region than UEs with poorer isolation.
The information that MSD is 0 dB can be easily treated by a network since as far as a network allocates frequency resources to MSD = 0 dB region in the victim channel bandwidth or adjacent channel bandwidth (if CA is possible), the resources are not affected by aggressor’ uplink power(s) in the UE. 
Observation 5: The information on where MSD = 0 dB outside a victim channel bandwidth or even inside the victim channel bandwidth can be easily treated by a network since MSD in this region is not affected by aggressor’s power(s) in a UE.
Conclusion: Reporting distance between the centre of a defined victim channel bandwidth and a starting point of MSD = 0 dB region can be a possible way to enable network to utilize the reported information easily and to produce a complementary effect with a case that reported MSD is a non-zero value base on existing test configurations.
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