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1 Introduction
[bookmark: OLE_LINK25]The lower MSD topic was extensive discussed in the previous meetings, and several WFs were approved [1] [2] [3]. In this contribution, we continue to discussed some issues about the lower MSD issues.
2	Discussion
[bookmark: OLE_LINK71][bookmark: OLE_LINK66][bookmark: OLE_LINK23]2.1 Lower MSD threshold(s)
In the WF [3], for the commonality of the lower MSD capability, the agreement was:
	Issue 3-4-3: Commonality of the lower MSD capability
All companies are ok with the proposal. 
<Agreement>: 
One common capability report scheme should apply for all band combinations rather than only example BC.


For the lower MSD thresholds, there were some agreements in the WF [4] , which are:
	Sub-topic 3-3: Lower MSD threshold(s)
Issue 3-3-1: Absolute MSD value/threshold(s) or relative threshold(s) 
<Agreement>: 
· [bookmark: OLE_LINK95]It is suggested to define exact absolute Lower MSD threshold(s)

Issue 3-3-2: Single value/threshold or multiple thresholds 
<Agreement>:
· [bookmark: OLE_LINK115][bookmark: OLE_LINK100][bookmark: OLE_LINK117]Define the multiple thresholds for lower MSD
· [bookmark: OLE_LINK114][bookmark: OLE_LINK116][bookmark: OLE_LINK102]FFS on whether identical thresholds can be applicable to all the MSD types and aggressor power class
· Identical thresholds can be applicable to all the band combinations


[bookmark: OLE_LINK99]It can be seen that absolute Lower MSD threshold(s) was approved. Although we think how much the MSD can be improved in practical should be based on the commercial UE measurement, there were no such measurements so far. With the past experience, measurements only happened to few of the combinations. In other words, The MSD defined in the specification are largely depends on the calculation, especially for the larger MSD.
[bookmark: OLE_LINK113]It would be complexity for the signnaling if different thresholds are defined for each MSD types and aggressor power class. Due to the actual MSD would be reported by the lower MSD signnaling, it is fine to define identical thresholds for all the MSD types, even for all aggressor power class. With the lower MSD signnaling reporting, UE can report different MSD values within the range of the multiple thresholds, relies on MSD types and/or power class.
[bookmark: OLE_LINK120]Proposal 1. Identical thresholds can be applicable to all the MSD types and aggressor power class, and UE can report different MSD values within the range of the identical multiple thresholds, relies on MSD types and/or power class.
[bookmark: OLE_LINK122]Based on the proposal 1, the multiple thresholds should be design carefully since there are lots of MSD types, and the mechanism for each types are different, which means efforts by using some improved RF parameters such as PCB isolation and antenna isolation would be different. 
[bookmark: OLE_LINK101][bookmark: OLE_LINK108]In the previous meetings, there are some proposals on the multiple thresholds for lower MSD, such as [0, 5, 10, 15]dB. It seems such values are from the calculation experience for the example band combination. For the thresholds discussion, MSD types and aggressor power class should be considered. We take n3-n78 NR CA for example, as we analysis in [4], the IMD2/4 MSD values for PC2/3 using different PCB isolation and antenna isolation value are summarized in Table 4, in which the values highlighted in yellow are close to the values defined in the spec, which means 65dB PCB iso. with 10dB antenna iso. are used for the requirements definition. 
Table 1. IMD2/4 MSD values with different antenna isolation, and different PCB isolation 
(a). PC3(without CF)
	
	Antenna iso.=10dB
	Antenna iso. =15dB
	Antenna iso. =20dB

	
	IMD2
	IMD4
	IMD2
	IMD4
	IMD2
	IMD4

	PCB iso. = 60dB
	31.9
	10.4
	27.1
	7.0
	22.2
	4.7

	PCB iso. = 65dB
	27.4
	7.9
	22.6
	5.2
	17.8
	3.8

	PCB iso. = 70dB
	23.8
	6.5
	18.9
	4.4
	14.1
	3.4

	PCB iso. = 75dB
	21.5
	6.0
	16.5
	4.1
	11.8
	3.2

	PCB iso. = 80dB
	20.4
	5.8
	15.3
	4.0
	10.7
	3.2

	PCB iso. = 85dB
	20.0
	5.7
	14.8
	3.9
	10.3
	3.1

	PCB iso. = 90dB
	19.8
	5.7
	14.7
	3.9
	10.1
	3.1


(b). PC2 (without CF) 
	
	Antenna iso.=10dB
	Antenna iso. =15dB
	Antenna iso. =20dB

	
	IMD2
	IMD4
	IMD2
	IMD4
	IMD2
	IMD4

	PCB iso. = 60dB
	37.9
	21.8
	33.1
	17.2
	28.2
	12.6

	PCB iso. = 65dB
	33.4
	18.6
	28.6
	14.1
	23.7
	9.9

	PCB iso. = 70dB
	29.8
	16.8
	24.8
	12.4
	19.9
	8.4

	PCB iso. = 75dB
	27.5
	16.0
	22.3
	11.7
	17.4
	7.9

	[bookmark: OLE_LINK107]PCB iso. = 80dB
	26.4
	15.7
	21.1
	11.4
	16.1
	7.7

	PCB iso. = 85dB
	25.8
	15.6
	20.6
	11.4
	15.6
	7.6

	PCB iso. = 90dB
	19.8
	5.7
	20.5
	11.3
	15.5
	7.6


[bookmark: OLE_LINK119][bookmark: OLE_LINK112]It can be seen that there are lots of the values are in between the values of [0, 5, 10, 15]dB. There are lots of similar cases for all the band combination. So we think 5dB step size is a bit large and rough, and small granularity are needed, also considering more flexibility for all the MSD types. 
[bookmark: OLE_LINK118]Meanwhile, there are lots of completed and ongoing HPUE band combination, due to the higher power for each transmitter, the MSD values for some combinations are sometime dramatically larger than the PC3 combination. In addition, there exists some difficult band combination such as LB-LB/LB-LB-LB combination, the MSD would be still high (>15dB) after improved RF parameters are adopted. Therefore, we think 15dB upper limit is a bit low. 
[bookmark: OLE_LINK121]Therefore, we think small granularity and more than 15dBm upper limit thresholds should be considered, such as [0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20].
[bookmark: OLE_LINK8]Proposal 2. Small granularity and more higher upper limit thresholds should be considered for multiple thresholds, such as [0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20]dB.
[bookmark: OLE_LINK136]2.2 Lower MSD capability for IMD
It was agreed that per victim band per MSD type per band combination as the starting point for granularity of the optional Lower MSD UE capability. For IMD, the same victim band may suffer different orders IMD. In this case, how to treat the Lower MSD capability are under discussed.
There were some options for the lower MSD capability for IMD with different orders, which are:
	[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK138][bookmark: OLE_LINK3][bookmark: OLE_LINK134]Issue 3-2-4: Lower MSD capability for IMD with different orders 
Option 1: 
· [bookmark: OLE_LINK125]For one band combination with 2CC as UL, when multiple IMD occurs for one victim band within the band combination, maximum two IMD orders are considered in terms of Lower MSD information reporting, among which the lowest order is mandatory and one other higher order IMD could be optionally included.
· [bookmark: OLE_LINK131]For one band combination with 3CC as UL, only the lowest order IMD (triple beat) is considered in terms of Lower MSD information reporting.
[bookmark: OLE_LINK133]The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements.
Option2: if there are multiple orders of IMD for a specific band combination, only the lowest order of IMD improvement is considered to be reported 
Option 3: The interference types can include the types that are defined in 3GPP spec, i.e. harmonics, IMD, Tx leakage, harmonic mixing, etc. And the interference order can be {1, 2, 3, 4, 5} 
Option 4: Others


In our understanding, this issue is somehow related to the test burden reduction for multiple MSD in band combinations discussed in FS_SimBC SID.
In last meeting, some guidelines on test burden reduction for multiple MSD was agreed in [5], where:
	For a given 2 band DL CA combination, MSD test points corresponding to type 1,2,3 UL configuration are captured in the same table entry.
[bookmark: OLE_LINK126]–   Type 1: UL configuration = 2 UL CCs configured with intra-band UL CA configured in one of the two band. Intra-band UL CA may be contiguous (like UL CA_n41C) or non-contiguous (like CA_n78(2A)).
[bookmark: OLE_LINK128]–   Type 2: UL configuration = 2 UL CCs configured with 1UL CC in each of UL band. Example: UL CA_n3A_n78A.
–   Type 3: UL configuration = 3 UL CCs with 1 CC in one UL band, and 2UL CCs configured intra-band CA in the other band. Example: UL CA_n3A-n41C.
Guideline 1: It is proposed that for the test points for reference sensitivity exceptions due to intermodulation interference with 2UL CA, the limitation to higher order IMD source could be a solution to reduce test burden.
–   The existing IMD MSD requirements in Rel-17 specifications are kept unchanged.
–   For Rel-18 new introduced band combination, 
–  For type 1 UL configurations (eg. UL_CA_n41C or CA_n78(2A))
[bookmark: OLE_LINK127]○   The lowest order IMD is recommended as worst case to represent single band UL transmission with UL configured intra-band CA.
○   A footnote shall be attached to the UL band that is configured intra-band UL CA to distinguish the case of intra-band contiguous vs intra-band non-contiguous CA.
–  For type 2 UL configurations (eg. UL_CA_n1A-n3A)
○   If only one IMD order occurs per victim band, the MSD value if any shall be defined in the specifications.
[bookmark: OLE_LINK129]○   If multiple IMD orders occur per victim band, the MSD value of lowest order IMD per victim band if any shall be defined in the specifications.
•    The lowest order IMD is recommended as worst case to represent the whole spectrum of the inter-band CA combinations.
•    Optionally, a second MSD test point may be specified on a case by case basis to account for additional IMD orders. It is recommended this 2nd MSD test point corresponds to the lowest even and the lowest odd order IMD. For example, if DL band is affected by IMD2/3/5, we may consider a maximum of test points: one for IMD2 and one for IMD3.
∎  Any additional IMD order that is not specified shall be indicated by a note in the table.
–  For type 3 UL configurations (eg. CA_n3A-n41C)
[bookmark: OLE_LINK132]○   For the case the victim band is affected by a 1st order triple-beat product, an additional IMD3 test point shall be defined per victim band.



[bookmark: OLE_LINK135]There are three types for IMD MSD, i.e. 2UL CC only in one band or in each band, 3UL CC. We think the above agreements can be considered here. So for the lower MSD capability for IMD with different orders, we propose:
[bookmark: OLE_LINK2][bookmark: OLE_LINK9]Propose 3. Lower MSD capability for IMD with different orders:
[bookmark: OLE_LINK130]For one band combination with 2CC as UL:
· When the 2CC configured with intra-band UL CA configured in one of the two band, the lowest order IMD is recommended 
· When the 2CC configured with 1UL CC in each of UL band, if multiple IMD orders occur per victim band, the lowest order IMD is recommended as worst case to represent the whole spectrum of the inter-band CA combinations. Optionally, a second MSD test point corresponds to the lowest even and the lowest odd order IMD.
For one band combination with 3CC as UL:
· 1st order triple-beat product.
The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements.
[bookmark: OLE_LINK94]2.3 ENDC/NR CA
[bookmark: OLE_LINK72][bookmark: OLE_LINK79]In terms of the objectives of the WID, inter-band CA/EN-DC/DC combinations were involved for the feasibility study of lower MSD. Although some band combination examples were approved in the WF [2], the selected band combination were all for inter-band NR CA band combination, which are:
· CA_n28-n40 (harmonic mixing)
· CA_n41-n77 (cross band isolation)
· CA_n1-n3-n78 and fallback combinations (IMD on the 3rd band, cross band isolation on CA_n1-n3 using 50MHz channel bandwidth, IMD2/4 and 2nd harmonic and harmonic mixing on CA_n3-n78)
Observation. Inter-band CA/EN-DC/DC combinations were involved, but only inter-band CA band combination examples are proposed.
[bookmark: OLE_LINK103][bookmark: OLE_LINK1][bookmark: OLE_LINK104]Later, companies do some calculate/evaluations for the above example band combination to show the MSD value will decrease if more aggressive/practical values such as higher PCB isolation and antenna isolation are adopted, which imply that the MSD improvement is feasible. The left issue is mainly for the signalling.
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]In general, the MSD analysis for NR CA and ENDC with the same constituent bands are the same. Although the ENDC MSD test point/table format are different with NR CA so far, it would be anticipated that CR to ENDC MSD will be available in near future to keep the consistent with NR CA, where only few of MSD test point for the worst case would be defined. Therefore, we think the signalling analysis above can be apply to ENDC either. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Propose 4. The same lower MSD capability approach are applied for both NR CA/DC and ENDC.
As CA and ENDC are separate features, UE can report one of them or both. In current RAN2 spec, it seems separate signallings are defined for CA and ENDC, so separate lower MSD signalling should be applied for NR CA/DC and ENDC.
[bookmark: OLE_LINK7]Propose 5. Separate lower MSD signalling should be applied for NR CA/DC and ENDC.
3 Conclusion
In this contribution, we give some discussion on the lower MSD for inter-band NR CA/ENDC based on the latest agreements. The conclusions are:
Proposal 1. Identical thresholds can be applicable to all the MSD types and aggressor power class, and UE can report different MSD values within the range of the identical multiple thresholds, relies on MSD types and/or power class.
Proposal 2. Small granularity and more higher upper limit thresholds should be considered for multiple thresholds, such as [0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20]dB.
Propose 3. Lower MSD capability for IMD with different orders:
· For one band combination with 2CC as UL:
· When the 2CC configured with intra-band UL CA configured in one of the two band, the lowest order IMD is recommended 
· When the 2CC configured with 1UL CC in each of UL band, if multiple IMD orders occur per victim band, the lowest order IMD is recommended as worst case to represent the whole spectrum of the inter-band CA combinations. Optionally, a second MSD test point corresponds to the lowest even and the lowest odd order IMD.
· For one band combination with 3CC as UL:
· 1st order triple-beat product.
The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements.
Propose 4. The same lower MSD capability approach are applied for both NR CA/DC and ENDC.
Propose 5. Separate lower MSD signalling should be applied for NR CA/DC and ENDC.
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