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1. Introduction
In RAN4 94-e meeting, WF [1] regarding power imbalance tests for CA and DC was agreed. Based on that, we would like to update the WID in order to include such objectives. In this contribution, we show the necessity of this power imbalance requirement for PDSCH in FR1.
2. Discussion
From Rel-15 UE RF, some band combinations for intra-band EN-DC were introduced, e.g. DC_3_n3, DC_41_n41, DC_42_n78. Note that UE RF requirements of intra-band EN-DC are applied for DC_42_n78 since LTE band 42 (3.4-3.6GHz) is completely contained in the NR band n78 (3.3-3.8GHz), which was agreed in previous RAN4 meeting. There are some original features and assumptions on intra-band EN-DC in Rel-15 as follows:
· Only co-located scenario is considered for both contiguous and non-contiguous cases.
· UE capability was introduced to inform whether UE supports only non-contiguous case or both cases, i.e., intraBandENDC-Support [2] [3]. It means that UE always supports intra-band non-contiguous EN-DC if UE supports such band combinations.
intraBandENDC-Support               ENUMERATED {non-contiguous, both}   OPTIONAL,
· Regarding DC_42_n78, RAN4 agreed that non-contiguous EN-DC shall be supported as mandatory in November meeting [4]. It is the same situation as other intra-band EN-DC band combinations.
Observation 1: There are some original features and assumptions on intra-band EN-DC in Rel-15 as follows:
· Only co-located scenario is considered for both contiguous and non-contiguous cases.
· UE capability was introduced to inform whether UE supports only non-contiguous case or both cases, i.e., intraBandENDC-Support. It means that UE always supports intra-band non-contiguous EN-DC if UE supports such band combinations.
· Regarding DC_42_n78, RAN4 agreed that non-contiguous EN-DC shall be supported as mandatory in November meeting. It is the same situation as other intra-band EN-DC band combinations.
[bookmark: _GoBack]Although only co-located scenario is assumed for intra-band EN-DC as mentioned in observation 1, the reception power of LTE and NR would be different according to deployment scenario. Roughly speaking, the following three deployment scenarios could be considered for intra-band EN-DC (Figure 1):
· Scenario #1: LTE and NR have different antenna/beam pattern, e,g., advanced beamforming technology for NR
· Scenario #2: LTE and NR have same antenna pattern, but the transmission precoding matrix (TPMI) is different.
· Scenario #3: LTE and NR have same antenna pattern and transmission precoding matrix by strict coordination of LTE/NR schedulers at eNB/gNB
The same beam pattern and tight scheduler coordination such as Scenario #3 would be ideal from the system performance perspective, however non-ideal scenarios such as Scenario #1 and #2 should be also allowed in practical. In the Rel-15 specification, NSA scenario was firstly specified as early drop and this enables that NR cells are deployed into the existing LTE network and smooth migration from LTE to NR in the future. Since it is not likely that the NR equipment in the initial deployment are totally renewed when NSA are migrated to SA, such advanced beamforming technology in Scenario #1 and #2 would be introduced from the initial deployment of NSA. In addition, non-scheduler coordination between LTE and NR is one of practical solution from the view point of minimization of LTE development cost. Therefore, Scenario #1 and #2 are possible scenarios in the future.
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Figure 1: Deployment scenario for intra-band EN-DC
The reception power of LTE and NR would be the similar in the scenario #3, however it would be different for other scenarios. Especially, the scenario #1 would be the worst case from power imbalance perspective. We submitted the detailed analysis considering worst case in RAN4 94-e [5]. Based on the background mentioned above, it is important to introduce the requirements for FR1 intra-band EN-DC with power imbalance between LTE and NR carrier. 
Observation 2: For intra-band EN-DC scenario in FR1, UE may suffer significant power imbalance between LTE and NR carriers even in co-located scenario if beam pattern is different between LTE and NR.

Proposal 1: Power imbalance requirement should be introduced to ensure correct UE implementation for intra-band EN-DC scenario in FR1.
In addition, RAN4 discussed which contiguous or non-contiguous EN-DC should be introduced in RAN4#94-e meeting. Our view is that both cases should be introduced since non-contiguous EN-DC is mandatory as mentioned in observation 1 and contiguous EN-DC is very similar situation as CA case, which has already been agreed to introduce. Regarding the value of power imbalance, it could be the same as intra-band CA case for at least contiguous EN-DC, i.e. 6dB, considering the background of LTE test and the assumption on intra-band CA. The value of power imbalance for non-contiguous EN-DC needs to be discussed further since the range would be larger than 6dB according to our analysis, however we might take 6dB for compromise considering the remaining time budget for this WI.
Proposal 2: Both cases should be introduced for power imbalance requirement since non-contiguous EN-DC is mandatory and contiguous EN-DC is very similar situation as CA case, which has already been agreed to introduce.
Proposal 3: The value of power imbalance is 6dB for at least contiguous EN-DC. The value for non-contiguous EN-DC needs to be discussed in RAN4 including 6dB for compromise.
For information, the intra-band contiguous and non-contiguous Rx image was already agreed at 25dB in [6] and [7], respectively. Therefore, RAN4 has already readied for the discussion. 
Observation 3: Rx image is 25dB for both intra-band contiguous and non-contiguous.
3. Conclusion
In this contribution, we discuss the necessity of power imbalance requirement for intra-band contiguous and non-contiguous EN-DC scenario in FR1. Our proposals and observations are summarized below.
Observation 1: There are some original features and assumptions on intra-band EN-DC in Rel-15 as follows:
· Only co-located scenario is considered for both contiguous and non-contiguous cases.
· UE capability was introduced to inform whether UE supports only non-contiguous case or both cases, i.e., intraBandENDC-Support. It means that UE always supports intra-band non-contiguous EN-DC if UE supports such band combinations.
· Regarding DC_42_n78, RAN4 agreed that non-contiguous EN-DC shall be supported as mandatory in November meeting. It is the same situation as other intra-band EN-DC band combinations.
Observation 2: For intra-band EN-DC scenario in FR1, UE may suffer significant power imbalance between LTE and NR carriers even in co-located scenario if beam pattern is different between LTE and NR.

Proposal 1: Power imbalance requirement should be introduced to ensure correct UE implementation for intra-band EN-DC scenario in FR1.
Proposal 2: Both cases should be introduced for power imbalance requirement since non-contiguous EN-DC is mandatory and contiguous EN-DC is very similar situation as CA case, which has already been agreed to introduce.
Proposal 3: The value of power imbalance is 6dB for at least contiguous EN-DC. The value for non-contiguous EN-DC needs to be discussed in RAN4 including 6dB for compromise.
Observation 3: Rx image is 25dB for both intra-band contiguous and non-contiguous.
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