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1. Introduction

In Rel-15 NR, the power control for NR-NR dual-connectivity (DC) is discussed for the special case where one cell group is in FR1 and the other is in FR2. Since the definition of power class for UE in FR2 is different from that in FR1, thus it is infeasible to define the common power restriction on the total UE transmit power of multiple cell groups in different frequency ranges. As a result, the power control for master cell group in FR1 and the secondary cell group in FR2 should be done independently. The corresponding agreements in RAN1#94 are copied as follows [1]:
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For Rel-16 further enhancement on NR DC and CA, a task of power control for NR-NR DC is raised in a new WID [2] as follows:
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In this contribution, we will discuss the power control for the remaining NR-NR DC cases which are not covered in Rel-15 NR. 
2. Discussion
The Rel-15 agreements on the power control for the case where one cell group in FR1 and the other cell group in FR2 are applicable for both synchronous and asynchronous NR-NR DC scenarios. Thus the remaining cases that should be studied in Rel-16 are as follows (assuming RAN4 will not define new constraint for the total transmit power of some CG in FR1 and the other CG in FR2):
1. Synchronous NR-NR DC with all cell groups are in the same frequency range
2. Asynchronous NR-NR DC with all cell groups are in the same frequency range

Thus in the following, all the discussions are focused on the case where all the cell groups are in the same frequency range.
For LTE-LTE DC, power control schemes are defined for similar cases. Thus some basic principles and framework of LTE DC can be a good starting point.  However, compared to LTE-LTE DC, NR-NR DC will encounter more challenges due to some new introduced features, e.g., potentially different numerologies in different CCs of different CGs, different scheduling durations in different CCs of different CGs. As a result, we categorize the NR-NR DC cases into two type of synchronous and asynchronous are not sufficient.
2.1. Simultaneous transmission of NR-NR DC
In order to simplify the discussion, we categorize the NR-NR DC into the follows cases:

· Case 1: Same numerology and transmission duration for the CCs from different synchronous cell groups
· Case 2: Same numerology but different transmission durations for the CCs from different synchronous cell groups
· Case 3: Different numerologies for the CCs from different synchronous cell groups
· Case 4: Asynchronous cell groups
For case 1, NR-NR DC is similar to synchronous LTE-LTE DC:
· The transmissions on the different CCs from different cell groups share the same duration
· Same numerology for all CCs
· Slot-based scheduling or non-slot based scheduling with the same symbols
· Before the beginning of the corresponding slot/mini-slot, UE knows the occurrences of UL transmissions among all the CCs
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Fig. 2-1: Case 1

For case 2, the same numerology is used for the CCs from different cell groups but with different transmission durations at difference CCs, e.g., slot-based UL scheduling is used for one CC while non-slot-based UL scheduling is used for another CC.
However, according to the scheduling timing, Case 2 can be categorized into three sub-categories, which are illustrated in Figure 2.2, 2.3 and 2.4, respectively
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Fig. 2-2: Case 2-1
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Fig. 2-3: Case 2-2
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Fig. 2-4: Case 2-3
Compared Case 2.1/2.2 and Case 2.3, the main difference is that:
· In Case 2.1/2.2: Before the slot-based PUSCH transmission, UE knows there will be overlapping duration between different UL transmissions on cell groups

· In Case 2.3: UE will not know the PUSCH with 7 symbols in CC of SCG until it detects the corresponding DCI. Thus when UE starts to transmit PUSCH with 14 symbols in a CC of MCG, it does not know whether there will be overlapping duration between different UL transmissions of different cell groups.
In contrast to LTE, NR supports different numerologies for transmission. Thus it is possible to use different numerologies for different cell groups. For example, the lower-frequency CC in MCG may use smaller subcarrier spacing whereas the higher-frequency CC in SCG may use larger subcarrier spacing. In Fig.2.5, we show an example of Case 3 with slot-based scheduling. When UE starts to transmit PUSCH in CC0, it doesn’t know the occurrence of the 2nd PUSCH in CC1. This issue is similar to that of Case 2.3.
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Fig. 2-5: Case 3
For Case 4 (shown in Fig. 2-6), since the cell groups are asynchronous, it does not know whether there will be overlapping duration between different UL transmissions of different cell groups. 
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Fig. 2-6: Case 4
Based on the above discussions of different NR-NR DC, we can see that there are three different types of transmissions among cell groups:
· Type 1: When UE performs UL transmission in one cell group, it knows there were simultaneous transmission in other cell group(s) with the same starting symbol
· Case 1,  Case 2-1

· Type 2: When UE performs UL transmission in one cell group, it knows there were simultaneous transmission in other cell group(s) with the different starting symbols
· Case 2-2

· Type 3: When UE performs UL transmission in one cell group, it does not know whether there were simultaneous transmission in other cell group(s)

· Case 2-3, Case 3, Case 4

2.2. Discussion on the design
We can see that if we want to optimize power control for each NR-NR DC case, the solution will be very complicated. For NR CA, there are also similar transmission cases as that in NR-NR DC. Following the similar design principle of NR CA to simplify the power control mechanism, we should have a common design at least for Type 2 and Type 3 transmission.

In LTE, power control mode 1 (PCM 1) and PCM 2 are designed for synchronous and asynchronous LTE-LTE DC cases, respectively. However, direct extension of PCM1/PCM2 for NR-NR DC is not attracting, since the extended schemes may be too complicated for implementation. For example, a potential case is illustrated in Fig.2-7 for asynchronous NR-NR DC, where a PUSCH in one CC of MCG may overlap with three PUSCH in one CC of SCG. In contrast, one PUSCH in one CC of MCG may only overlap with 2 PUSCH in one CC of SCG for LTE-LTE DC.
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Fig. 2-7: A case of asynchronous NR-NR DC
Another approach to address the power control of NR-NR DC is to reuse the design principle of EN-DC and NR CA. Thus we have the following proposal:
Proposal 1: Rel-16 supports the following power control framework for NR-NR DC  
1. Introduce maximum available power for each cell group

2. The sum of the maximum available powers may exceed the maximum power supported by UE
3. The power sharing between different cell groups follows the similar priorities rules defined for NR CA by prioritizing MCG over SCG(s) in case of the same priority.
4. When determining a total transmit power in a symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of transmission occasion i.
The main advantages of the proposed framework are as follows:

· An common solution for the transmission of type 1, type 2 and type 3
· Simpler than the scheme used for LTE-LTE DC.
3. Conclusion

In this contribution, we analyze different use cases of NR-NR DC. From the discussions, we can see that if we want to optimize power control for each NR-NR DC case, the solution will be very complicated. In order to simplify the power control design, we reuse the principle of power control for EN-DC and NR CA, and have the following proposals: 

Proposal 1: Rel-16 supports the following power control framework for NR-NR DC  
1. Introduce maximum available power for each cell group

2. The sum of the maximum available powers may exceed the maximum power supported by UE

3. The power sharing between different cell groups follows the similar priorities rules defined for NR CA by prioritizing MCG over SCG(s) in case of the same priority.
4. When determining a total transmit power in a symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of transmission occasion i.
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Agreement


In NR-NR DC where one cell group is in FR1 and the other in FR2, the two cell groups perform power control independently according to section 7 of 38.213.


Applies for synchronous NR-NR DC for late drop of Rel-15 per RAN agreement


It is RAN1 understanding that a common power limit for FR1+FR2 is not defined in RAN4 specifications


It is up to the editor to whether and how to capture the above


Send an LS to RAN4 to inform them of the above agreement ( LS is agreed in �HYPERLINK "../R1-1809886.zip"��R1-1809886�








Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]


UE power control [RAN1]


RRC signalling to support of enhanced NR-NR DC [RAN2]


Core requirements to support enhanced NR-NR DC [RAN4]


Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core
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