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Background
Though a TP of [1] was submitted in RAN4#105, the TP was not treated at all. During the discussion, the rapporteur of the WI expressed that they didn’t have motivation to capture anything on signalling related aspects into TR 38.881, but rather the TR captures only lower MSD feasibility aspect, i.e., if a UE can achieve lower MSD than the specified MSD value(s). 
Though we don’t know the intention of the rapporteur, perhaps, the rapporteur may consider that signalling itself belongs to RAN2 domain and TR led by RAN4 WI shouldn’t capture something signalling into it.
We understand that pure signalling design itself should be handled by RAN2. RAN4, however, has often discussed what should be reported and/or what is associated side conditions in many topics, and RAN4 sends an LS to RAN2 on what is needed. In fact, the WI has been discussing signaling aspect that from RAN4 angle. Furthermore, the WI (RP-223478) clearly capture a following text coloured in yellow.
[image: ] Overall, we believe capturing what RAN4 has discussed in terms of capability angle must be allowed. 
Proposal: Allow TR 38.881 to capture UE capability aspect from RAN4 angle.
Finally, a TP based on [2] is proposed.
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[bookmark: _Toc111071355]7	Study of signalling for improved lower MSD
7.x Possible MSD reporting approach
7.x.x 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. 
[image: Diagram

Description automatically generated]
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.
[image: ]
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. 
[image: A screenshot of a computer

Description automatically generated with medium confidence]
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.
7.y Possible signalling overhead reduction approach
7.y.y Reporting Lower MSD capabilities of only specific fallback BCs
Normally, UE capabilities for the highest order band configurations are reported to a network while accordingly, UE capabilities for the corresponding fallback band configurations are not reported since the capabilities reported in the highest order configurations are inherited to the fallback configurations. And this avoids redundant signaling to the network. 
When it comes to lower MSD capability, however, the story is different. Since MSD per victim band per MSD type per BC per PC in 38.101-1/-3 have been defined only for 1UL/2DL, 2UL/2DL and 2UL/3DL depending on MSD types assuming that they are inherited to all the higher order band combinations that a UE supports. Hence, if the UE reports lower MSD capabilities e.g., per victim band per MSD types/order per BC per PC through all the highest order BCs, the same capabilities will be reported multiple times since the highest order BCs supported by a UE include common BCs as fallbacks. In order to concretize this, assume that UE supports
-	Parent or highest order BCs: CA_n1-n3-n5-n78, CA_n1-n3-n7-n78, CA_n1-n3-n28-n78 and CA_n1-n3-n8-n78
-	For simplicity, the UE has lower MSD capability for IMD3 and cross-band isolation for only CA_n1-n3 
If we followed a conventional way, the UE needs to report lower MSD capability for CA_n1-n3 four times as shown in Figure 7.y.y-1.
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Figure 7.y.y-1: Redundancy of reporting lower MSD capability based on a conventional reporting approach
In summary, reporting all the lower MSD capabilities per the highest order BC supported by a UE makes signaling redundant. The redundancy can be reduced by reporting the capabilities for only fallback BCs that are captured in 38.101-1/-3 MSD tables. NW can assume that all the supported higher order BCs by the UE inherit the reported MSD capabilities per fallback BCs as shown in Table 7.y.y-1. Note that it is RAN2 responsibility to decide if lower MSD capability is specified in this way or not.
Table 7.y.y-1: Minimum BC unit to report MSD
	MSD Type
	Minimum BC unit

	
	1UL/2DL
	2UL/2DL
	2UL/3DL

	UL Harmonic
	X
	
	

	Harmonic mixing
	X
	
	

	Cross band isolation
	X
	
	

	IMD
	
	X
	X1

	NOTE 1: Only MSD impacting on the DL whose UL is not configured with is reported.
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Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations [RAN4]

¢ Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic
mixing, IMD and cross band isolation)

¢ Study how the MSD performance can be improved for the example band combinations

*  Study of MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and

harmonic mixini

¢ Aim to conclude the study phase by RAN#99, and further discuss in RAN#99 how to handle the objective based on
the study progress.





