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1.  Introduction
In RAN4#98-e, MSDs due to “counter intermodurations (CIM)” were agreed as [1]. The definition of CIMn in [1] is IMDn appeared on the other side of wanted Tx signal relative to the center frequency of a carrier. This paper is intended to discuss the definition since sometimes CIM5 has been understood as “on the same side of wanted Tx”.
Note that the discussion is just about the wording or definitions of CIMn, not necessity of MSDs themselves.
2.  Discussion
2.1 Problem
The following is the content of the CR for REL-16 [1: 2095].

	[bookmark: _Toc21345610][bookmark: _Toc29806459][bookmark: _Toc37255992][bookmark: _Toc37256333][bookmark: _Toc45890167][bookmark: _Toc52381992]7.3B.2.3.6	Reference sensitivity exceptions due to UL counter intermodulation interference for EN-DC in NR FR1
Sensitivity degradation is allowed for a band if it is impacted by UL counter intermodulation interference from another band part of the same EN-DC configuration. Reference sensitivity exceptions for the victim band (DL band) are specified in Table 7.3B.2.3.6-1 with uplink configuration of the aggressor band (UL band) specified in Table 7.3B.2.3.6-1.
Table 7.3B.2.3.6-1: Reference sensitivity exceptions (MSD) due to counter intermodulation interference for EN-DC in NR FR1
	UL band
	DL band
	SCS of UL band (kHz)
	LCRB of UL band
	Applicable UL BW(MHz)
	MSD value of DL band (dB)
	CIM order

	n1
	3
	15
	25
	[bookmark: OLE_LINK6]≥ 25
	4.5
	CIM5

	n1
	3
	15
	25
	50
	17
	CIM3

	n5
	28
	15
	6
	≥ 15
	7.9
	CIM5

	n40
	1
	30
	25
	[bookmark: OLE_LINK2]≥ 70
	21.5
	[bookmark: OLE_LINK3]CIM5

	NOTE 1:	For CIM5, the MSD exceptions are applicable to the case that CIM5 of UL band falls into the DL channels. (The frequency of CIM5 can be expressed as , where  is the centre frequency of UL channel and  is the allocated transmission frequency of UL band).
NOTE 1:	For CIM3, the MSD exceptions are applicable to the case that CIM3 of UL band falls into the DL channels. (The frequency of CIM3 can be expressed as , where  is the centre frequency of UL channel and  is the allocated transmission frequency of UL band).






[bookmark: _Hlk67049972]As written in the Notes (apart from errors such as duplicated NOTE 1s, the formula of CIM3 dubbed as fCIM5), the same structure is used for defining CIM3 and CIM5 formulae. This means CIM3 and CIM5 come up on the same side, but separated by 2(ful – Fc, UL). The figure below is copied from [2] and CIM3 appears on the other side of wanted Tx/Normal IMD3 relative to Fc or FLO then CIM5 here will appear far left-hand side, somewhere around -2.2e+7.

[image: ]
Figure 1 : Frequency relations, extracted from [2] 

But sometimes, on the contrary, CIM5 describes (a kind of) IMD5 appeared on the other side of CIM3. A typical example is, if my understanding is correct, MSD for IMD5 for larger CBWs [3] where CIM5 seems to arise on the same side of normal IMD3 (not CIM3). A contribution under the same agenda [4] seems to take the same interpretation.
In short, two different distortions seem to be called CIM5, as depicted below. Note that in this figure, IMDs of Tx and LO are omitted for simplicity:
[image: ]
Figure 2: CIM5 positions in [1] and [3]

For convenience, in this contribution, the terms of near-side and far-side are used as in Figure 2. Near-side is the side close to wanted Tx(FSSB in Figure 1) where IMD3 is and far-side is the side where CIM3 comes up.

[bookmark: _Hlk69911156][Observation-1] There are two different CIM5 used in RAN4 context, on the same or the other side of CIM3.

[bookmark: _Hlk69800896]2.2 No clear definitions on CIM5?
To understand the meaning of CIM3, the author used to search academic papers (probably) in 2011, only to find no document defining CIM3 and one paper even mentioned “so-called CIM3”. As a consequence, it seems that counter IM is not clearly defined elsewhere while RAN4 established a consensus on CIM3 through PA simulation assumptions. At that time, CIM5 was not a subject to discussion. (Note: the author tried some Internet searches on CIM3/5 for this contribution but situation seemed similar.)
After the unfruitful searches on CIM3, I asked a delegate actively participating in UE RF around that time. According to the delegate, CIM3 was originally introduced to represent the effect of 3rd order non-linearity in a mixer/transceiver. Since a quadrature modulator suppresses one of the “side bands”, this IMD3 appears only on the far-side; the relevant IM on the near-side is largely cancelled out. “Counter” means the other side of normal IMD3 or wanted Tx.
In this context,
[Option-1] if we follow the story of CIM3, IM from 5th order non-linearity in a mixer/transceiver can be called CIM5. This CIM will appear on the near-side, counter to CIM3 (and likely to be overlapped with a normal IMD5), because of change of signs in 3rd and 5th order trigonometric function expansions. CIM7, if it matters, would come up on the far-side again. 
Note that, if this is the case, we don’t always have to say CIM5 specifically since the effect would be overlapped with one of normal IMD5 regions. However, given that IMD5 can take various positions, i.e. |m*FSSB ± n*FIMAGE| (m + n=5), CIM5 might be a convenient name to point the location.

On the other hand,
[Option-2] it sounds rational to call IMD5 on the far-side CIM5, in conjunction with the positional relation between CIM3 and normal IMD3/wanted Tx. The CRs [1] are based on this notion, it seems.

As noted above, the author is not sure which is right or if there are other alternatives. But it is likely that people involved in RF parts or chipset business have a convention on CIMn so it is proposed to follow. From 3GPP standpoint, one thing for sure is that we should be stringent when the term is described in a standard. Then,

[Proposal-1] The definition of CIM5 should be clarified first of all.
		[Option-1] CIM5 appears on the other side of CIM3.
		[Option-2] CIM5 appears on the same side of CIM3.
		[Option-3] Other alternatives.

Detailed definitions might be needed such as “caused by a mixer/transceiver” or just a position to appear, regardless of the selected option.

And according to the conclusion drawn,

[Proposal-2] The CRs [1] should be revisited if necessary.

3.  Conclusion
This paper is to discuss some ambiguities of the terms CIM5. The finding and proposals are:
[Observation-1] There are two different CIM5 used in RAN4 context, on the same or the other side of CIM3.
[Proposal-1] The definition of CIM5 should be clarified first of all.
	[Option-1] CIM5 appears on the other side of CIM3.
	[Option-2] CIM5 appears on the same side of CIM3.
	[Option-3] Other alternatives.

[Proposal-2] The CRs [1] should be revisited if necessary.
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