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1 Introduction
RAN4#100-e discussed Rx power imbalance requirements for type 2 UE. In the approved WF [1], several options are captured. One of the discussion points is how to define the condition of the frequency relationship between CCs. This paper discusses how to decide that condition.
2 Discussion
2.1 Background
In last meeting, the following options are captured in the approved WF[1]:

· Option 1a: 

	Carriers
	Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship

	Wanted carrier
	REFSENS + 14 dB
	BWwanted ≤ BWanother
	Place two DL carriers as close as possible

	Another carrier with overlapping DL bands
	Power of wanted carrier + 31.5 dB
	
	

	Wanted carrier
	REFSENS + 14 dB
	BWwanted > BWanother
	

	Another carrier with overlapping DL bands
	Power of wanted carrier + 31.5 – 10*log10(BWwanted /BWanother) dB
	
	


· Option 1b: 

	Carriers
	Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship

	Wanted carrier
	REFSENS + 1 dB
	BWwanted ≤ BWanother
	Place two DL carriers as close as possible

	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 dB
	
	

	Wanted carrier
	REFSENS + 1 dB
	BWwanted > BWanother
	

	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother) dB
	
	


· Option 2 (Gap between DL carriers ≥ 50MHz): 

	Carriers
	Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship

	Wanted carrier
	REFSENS + 1 dB
	BWwanted ≤ BWanother
	max (5/2*another DL BW, 50MHz)

	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 dB
	
	

	Wanted carrier
	REFSENS + 1 dB
	BWwanted > BWanother
	

	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 dB – 10*log10(BWwanted /(5*min(BWanother, 20MHz)))
	
	


· Option 3: Combination of option 1 and option 2

· Option 4: Other parameters are not precluded.
Our understanding on option 1 and option 2 especially for frequency separation between CCs is illustrated in Figure 2.1-1.


[image: image1]
Figure 2.1-1: Frequency separation of option 1 and option 2
2.2 Discussion

 Based on the analysis in [2], we understand that the worst case of frequency relationship between CCs is that place CCs as close as possible. Then, if the defined frequency separation become wider, the allowed level of Rx power imbalance would be larger if the bandwidths of CCs do not change.

 The advantage of option 1 is that it can cover the frequency allocation of any operators since it defines the frequency separation as worst case. For example, nothing that the values of Rx power imbalance are just an example, if we define 25dB Rx power imbalance with option 1, then any operators who have smaller frequency separation or wider frequency separation can guarantee at least 25dB Rx power imbalance under their deployment scenario. However, the disadvantage of option 1 is that if there are no operators having spectrum aligned with this worst-case scenario, then option 1 is unnecessarily severe condition considering actual spectrum allocation.
 Observation 1: The advantage of option 1 is that it can cover the frequency allocation of any operators since it defines the frequency separation as worst case.

 The advantage of option 2 is to optimize the value of Rx power imbalance considering actual spectrum allocation. For example, assuming that 25dB Rx power imbalance is needed with option 1 but 30dB is allowed with option 2, operators who have wider frequency allocation than that defined by option 2 can have guarantee of 30dB Rx power imbalance if we take option 2. Then they can assume 30dB power imbalance when considering their deployment scenario. However, the problem of option 2 is that operators who have smaller frequency separation than that defined by option 2 do not have any guarantee of Rx power imbalance. 
 Observation 2: The advantage of option 2 is to optimize the value of Rx power imbalance considering actual spectrum allocation.

To evaluate each option, as one example, considering the actual frequency allocation in Japan, it was found that the current option 2 does not cover the frequency allocation of some operators. The frequency separation of option 2 is defined as max (5/2*another DL BW, 50MHz). According to the actual frequency allocation as shown in Figure 2.2-1, 5/2*another DL BW will be used as frequency offset for operators B and C, but 5/2*another DL BW for both cases are wider than actual frequency offset. Therefore, as discussed above, if we take option 2, operators B and C in the figure 2.2-1 cannot guarantee the exact performance of UE Rx power imbalance.
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Figure 2.2-1: Current option 2 does not cover the frequency allocation of some operators in Japan.

 Given that type 2 UE will need additional RF components to handle larger Rx power imbalance, we think it is better to enhance the size of market as large as possible. If the size of market became larger, the motivation to implement type 2 UE may increase and the cost may be decrease. From this point of view, frequency separation should be defined so that it can cover more operators.
 Observation 3: Option 2 does not cover the frequency allocation of some operators. It is better to avoid such situation to enhance the size of market as large as possible.

 Another aspect that should be considered for specific band combinations such as DC_42_n77 and DC_42_n78 is the relationship of the UE capability of “interBandContiguousMRDC”. The UE capability of interBandContiguousMRDC is indicated for inter-band EN-DC/NE-DC combination where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band. As described in NOTE 4 in Table 5.5B.4.1-1 in TS 38.101-3, if interBandContiguousMRDC is absent, it means that UE support only intra-band non-contiguous EN-DC requirements, and if indicated, it means that UE support both intra-band contiguous and non-contiguous EN-DC requirements. Therefore, if UE does not indicate interBandContiguousMRDC, we should not test Rx power imbalance under the contiguous CCs placement. Note that applicability of Rx power imbalance demodulation requirements for EN-DC in TS 38.101-4 is based on whether or not UE indicates interBandContiguousMRDC. We think this applicability rule can also apply to this discussion.
Observation 4: If interBandContiguousMRDC is absent, it means that the UE does not support intra-band contiguous requirements, and thus we do not need to test under the contiguous CCs placement.
Observation 5: Applicability of Rx power imbalance requirements for EN-DC in TS 38.101-4 is based on whether or not UE indicate interBandContiguousMRDC
Based on the discussion above, we propose the following proposal:
Proposal: 
For inter-band EN-DC which is subject to interBandContiguousMRDC capability:

· If interBandContgiuousMRDC is indicated, place two DL carriers as close as possible

· If interBandContiguousMRDC is not indicated, define frequency offset from the edge of wanted carrier to the center frequency of another carrier as [DL CBW of another carrier].
For inter-band EN-DC which is not subject to interBandContiguousMRDC capability:

· [Define frequency separation as placing two DL carriers as close as possible]
 In our proposal, we basically propose to place two DL carriers as close as possible so that we can cover more operators’ spectrum allocation and their deployment scenarios. However, it is not a case for some specific band combinations, i.e., we use the applicability rule that the condition of frequency offset can be changed based on whether UE indicates interBandContiguousMRDC. This is because if interBandContiguousMRDC is absent, UE does not support intra-band contiguous requirements, and thus we do not need to test under the contiguous CCs placement. While we propose to define frequency offset from the edge of wanted carrier to the center frequency of another carrier as [DL CBW of another carrier] for the case when interBandContiguousMRDC is absent to cover more operator’s spectrum allocation, we can discuss further this offset value. 
3 Conclusion
Here we summarize our proposals: 
Observation 1: The advantage of option 1 is that it can cover the frequency allocation of any operators since it defines the frequency separation as worst case.

Observation 2: The advantage of option 2 is to optimize the value of Rx power imbalance considering actual spectrum allocation.

Observation 3: Option 2 does not cover the frequency allocation of some operators. It is better to avoid such situation to enhance the size of market as large as possible.

Observation 4: If interBandContiguousMRDC is absent, it means that the UE does not support intra-band contiguous requirements, and thus we do not need to test under the contiguous CCs placement.
Observation 5: Applicability of Rx power imbalance requirements for EN-DC in TS 38.101-4 is based on whether or not UE indicate interBandContiguousMRDC
Proposal: 

For inter-band EN-DC which is subject to interBandContiguousMRDC capability:

· If interBandContgiuousMRDC is indicated, place two DL carriers as close as possible

· If interBandContiguousMRDC is not indicated, define frequency offset from the edge of wanted carrier to the center frequency of another carrier as “DL CBW of another carrier”.
For inter-band EN-DC which is not subject to interBandContiguousMRDC capability:

· [Define frequency separation as placing two DL carriers as close as possible]
4
References
[1] R4-2114905, WF on Type 2 UE RX Imbalance Requirement, Huawei
[2] R4-2113403, Discussion on type 2 UE requirements, Huawei, HiSilicon
PAGE  
3/3

[image: image3.png]Actual frequency offset

5/2*Unwanted CBW

A

C

A

3400 3440

3520

35

%0

<

3600 3700 i

Actual frequency offset

5/2*Unwanted CBW




[image: image4.png]Option 1

Option 2

As close as possible
-«

B42

n78

Max(5/2*Unwanted CBW, 50MHz)

> —>
Wanted CBW Unwanted CBW

I

| !

| :

| I

| I

| |

1 i

| i

B42 ' n78
L]
>
Wanted CBW

Unwanted CBW




