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1. Introduction
At the last RAN4 meeting, we discussed power imbalance requirements and RAN4 agreed a WF [1]. This contribution presents our views on power imbalance requirement.
	For intra-band contiguous EN-DC
· Duplex mode
· Option 1: FDD and TDD
· Option 2: FDD 
· SCS
· Option 1: 15kHz for both FDD and TDD 
· Option 2: 15kHz for FDD, 30kHz for TDD
· Option 3: 15kHz for FDD
· TDD pattern for 30kHz SCS
· 7D1S2U
· TDD pattern for 15kHz SCS
· Option 1: DSU+DD
· Other options are not precluded.
· Other parameters
· Generally ok to reuse simulation assumptions from NR CA requirements to define EN-DC requirements with power imbalance for the following parameters: PDSCH configuration, PDCCH allocation, antenna configuration and propagation conditions. 
· Power setting relation between LTE carrier and NR carrier
· Option 1: LTE cell 6dB higher than NR Cell
· Other options are not precluded.
· Propagation conditions
· Option 1: static channel similar to LTE 
· Other options are not precluded
For intra-band non-contiguous EN-DC
· Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
· Option 1: Yes 
· Power imbalance value for non-contiguous EN-DC is 6dB.
· UE should be tested according to the following applicability rules
· Option 2: No 
· apply the same parameters as the FR1 intra-band contiguous EN-DC requirement. 
· Test applicability rules
· Option 1
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”,  
· apply power imbalance requirement for FR1 intra-band contiguous EN-DC 
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” ,  
· apply power imbalance requirement for FR1 intra-band non-contiguous EN-DC
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” ,  
· FFS. apply both power imbalance requirement for FR1 intra-band contiguous EN-DC and FR1 intra-band non-contiguous EN-DC
· In case of inter-band EN-DC combination, where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3)
· UE supports only intra-band non-contiguous EN-DC, i,e., if UE does not indicate “interBandContiguousMRDC”[1][2], 
· apply power imbalance requirement for FR1 intra-band non-contiguous EN-DC
· UE supports both intra-band contiguous and non-contiguous EN-DC, i,e., if UE indicates “interBandContiguousMRDC”[1][2],
·  FFS. apply power imbalance requirement for for FR1 intra-band contiguous EN-DC and FR1 intra-band non-contiguous EN-DC
· Other options are not precluded.
[1] R2-2002349 
[2] R2-2002350



2. Discussion
Duplex mode and SCS
According to TS38 101-3 [2], following EN-DC configuration are introduced. These EN-DC configuration includes TDD band, e.g. n41 and n48, and FDD band, e.g. n71 and n3. Considering the test coverage, both TDD and FDD requirements is needed. For SCS, we don’t need to assume different values with other normal UE demodulation tests. Thus, 15 kHz for FDD and 30 kHz for TDD are sufficient. 
Table 5.5B.2-1: Intra-band contiguous EN-DC configurations
	[bookmark: _Hlk515953743]EN-DC
Configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed


	DC_(n)41AA5
DC_(n)41CA5
DC_(n)41DA5
	DC_(n)41AA
	Yes3

	DC_(n)41CA5
DC_(n)41DA5
	DC_41A_n41A
	Yes3

	DC_(n)48AA5
	DC_(n)48AA6
	Yes6

	DC_(n)48CA5
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)48DA5
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)71AA2
	DC_(n)71AA
	No4

	NOTE 1:	Uplink EN-DC configurations are the configurations supported by the present release of specifications.
NOTE 2:	Requirements in this specification apply for NR SCS of 15 kHz only.
NOTE 3:	Single UL allowed due to potential emission issues, not self-interference.
NOTE 4:	For UE(s) supporting dynamic power sharing it is mandatory to do dual simultaneous UL. For UE(s) not supporting dynamic power sharing single UL is allowed.
NOTE 5:	The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers.
NOTE 6:	Only single switched UL is supported



Table 5.5B.3-1: Intra-band non-contiguous EN-DC configurations
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed


	DC_3A_n3A
	DC_3A_n3A2
	Yes2

	DC_7A_n7A6
	DC_7A_n7A5
	Yes5

	DC_41A_n41A3
DC_41C_n41A3
DC_41D_n41A3
	DC_41A_n41A
	Yes4

	DC_48A_n48A3
	DC_48A_n48A5
	Yes5

	DC_48A_(n)48AA3
	DC_(n)48AA5
DC_48A_n48A5
	Yes5

	DC_48A-48A_n48A3
	DC_48A_n48A5
	Yes5

	DC_48C_n48A3
	DC_48A_n48A5
	Yes5

	DC_66A_n66A
	DC_66A_n66A5
	Yes5

	NOTE 1:	Uplink EN-DC configurations are the configurations supported by the present release of specifications.
NOTE 2:	Only single switched UL is supported in Rel.15
NOTE 3:	The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers.
NOTE 4:	Single UL allowed due to potential emission issues, not self-interference.
NOTE 5:	Only single switched UL is supported.
NOTE 6: 	Requirements in this specification apply for NR SCS of 15 kHz only.



Proposal 1: 
15 kHz SCS for FDD and 30kHz SCS for TDD are applied to power imbalance test requirements

The necessity of FR1 intra-band non-contiguous EN-DC
As mentioned in section 2.1, some band combinations for intra-band EN-DC were introduced. And also, UE capability, i.e., “intraBandENDC-Support” was introduced in TS 38.306 [3].  
	intraBandENDC-Support
・Indicates whether the UE supports intra-band EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the EN-DC combination as specified in TS 38.101-3. If the UE does not include this field for an intra-band EN-DC combination the UE only supports the contiguous spectrum for the intra-band EN-DC combination.




From this IE, three type of UEs can be considered.  
1. Support only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”
2. Support only support intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support
3. Support both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support”

Observation 1 
Regarding intra-band EN-DC, three type of UEs can be considered.  
1. Support only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”
2. Support only support intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support
3. Support both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support”

In addition, RAN4 agreed that some inter-band EN-DC combinations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g, DC_42_n78, are treated as "intra-band EN-DC", then new UE capability "interBandContiguousMRDC" was introduced [3], [4], [5]. It means that intra-band EN-DC requirements are applied to such special band combinations. Furthermore, RAN4 agreed that non-contiguous EN-DC is supported as mandatory in case of such special band combinations in November meeting [6]. 

	・interBandContiguousMRDC
Indicates for an inter-band (NG)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 specified in Table 5.5B.4.1-1 of TS 38.101-3), that the UE supports intra-band contiguous (NG)EN-DC/NE-DC requirements (see TS 38.101-3). If the field is absent for such an inter-band (NG)EN-DC/NE-DC combination, the UE supports intra-band non-contiguous (NG)EN-DC/NE-DC requirements



From this IE, two type of UEs case can be considered. 
1. Support only intra-band non-contiguous EN-DC, i,e., if UE does not indicate “interBandContiguousMRDC”
2. Support both intra-band contiguous and non-contiguous EN-DC, i,e., if UE indicates "“interBandContiguousMRDC”

Observation 2
Some inter-band EN-DC band combinations like DC_B42-n78 are treated as “intra-band” EN-DC, and non-contiguous EN-DC is supported as mandatory.

Observation 3
Regarding special inter-band EN-DC like DC_B42-n78, two type of UEs can be considered. 
1. Support Oonly intra-band non-contiguous EN-DC, i,e., if UE does not indicate “interBandContiguousMRDC”
2. Support both intra-band contiguous and non-contiguous EN-DC, i,e., if UE indicates "“interBandContiguousMRDC”

According to above background and observations, both contiguous EN-DC and non-contiguous EN-DC are possible scenario and some UEs only support non-contiguous EN-DC.
In addition, only co-located scenario is assumed for both intra-band contiguous and non-contiguous EN-DC cases in RAN4 requirements. It derives that single RF chain is assumed to receive CCs. Since the number of RF chain is depended on the UE implementation, UE can implement separate RF chains for intra-band EN-DC case. However, the requirement considering single RF chain should be based as minimum requirement in RAN4. 
Thus, both intra-band contiguous and intra-band non-contiguous requirements for power imbalance tests are needed.

Observation 4
Both contiguous EN-DC and non-contiguous EN-DC are possible scenario and some UEs only support non-contiguous EN-DC.

Observation 5
Only co-located scenario is assumed for both intra-band contiguous and non-contiguous EN-DC cases in RAN4 requirements. It derives that single RF chain is assumed to receive CCs.

Proposal 2: 
Introduce both contiguous and non-contiguous EN-DC requirements for power imbalance tests

On the other hand, UE does not always need to perform both tests even if both tests are introduced. Our proposal is to introduce test applicability rule according to existing UE capability, i.e.,”intraBandENDC-Support” and “interBandContiguousMRDC”. If UE only supports either intra-band contiguous or intra-band non-contiguous EN-DC, the power imbalance requirement for the supported type is applied. If UE supports both intra-band contiguous and intra-band non-contiguous EN-DC, either contiguous or non-contiguous EN-DC power imbalance requirement is applied.
Proposal 3: 
Introduce test applicability rules according to UE capability as follows:
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”,  
· power imbalance requirement for intra-band contiguous EN-DC is applied
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” or UE does not indicate “interBandContiguousMRDC”,  
· power imbalance requirement for intra-band non-contiguous EN-DC is applied
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” or UE indicates “interBandContiguousMRDC”,  
· apply either power imbalance requirement for FR1 intra-band contiguous EN-DC or FR1 intra-band non-contiguous EN-DC

3. Conclusion
In this contribution, we present our views power imbalance requirements. Observation and proposals are presented as follows.
Observation 1 
Regarding intra-band EN-DC, three type of UEs can be considered.  
1. Support only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”
2. Support only support intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support
3. Support both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support”

Observation 2
Some inter-band EN-DC band combinations like DC_B42-n78 are treated as “intra-band” EN-DC, and non-contiguous EN-DC is supported as mandatory.

Observation 3
Regarding special inter-band EN-DC like DC_B42-n78, two type of UEs can be considered. 
1. Support Oonly intra-band non-contiguous EN-DC, i,e., if UE does not indicate “interBandContiguousMRDC”
2. Support both intra-band contiguous and non-contiguous EN-DC, i,e., if UE indicates "“interBandContiguousMRDC”

Observation 4
Both contiguous EN-DC and non-contiguous EN-DC are possible scenario and some UEs only support non-contiguous EN-DC.

Observation 5
Only co-located scenario is assumed for both intra-band contiguous and non-contiguous EN-DC cases in RAN4 requirements. It derives that single RF chain is assumed to receive CCs.

Proposal 1: 
15 kHz SCS for FDD and 30kHz SCS for TDD are applied to power imbalance test requirements

Proposal 2: 
Introduce both contiguous and non-contiguous EN-DC requirements for power imbalance tests

Proposal 3: 
Introduce test applicability rules according to UE capability as follows:
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