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1. Introduction
In this contribution, we discuss on power sharing in LTE-NR dual connectivity scenarios. In the previous meeting [1], it has been agreed to support at least semi-static power sharing between LTE and NR in DC as follows. 
	Agreements:
· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR
· FFS details
· Discuss further whether or not to support dynamic power sharing between LTE and NR
· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 


This contribution discusses further on dynamic power sharing and details on semi-static power sharing. 
2. Discussion on power control in LTE-NR DC
For power control between LTE and NR carriers, we can consider the following approaches.
(1) Semi-static power split without any dynamic power sharing: the first approach is to split power between LTE and NR carrier group where dynamic sharing is not assumed regardless of power usage at each CG. For example, UE maximum power can be split to MCG and SCG as P % and 1-P % respectively. If this approach is used, power limited case can be determined within each carrier group assuming the maximum power is P * UE-max-power at MCG. The drawback of this approach is that even if one CG does not use the power due to DRX or DL slots, the other CG cannot borrow the power dynamically.
(2) Use dual connectivity power control mode 2: another approach is to use DC PCM2 regardless of synchronous or asynchronous DC between LTE and NR. If this option is used, power can be split between two carrier groups and remained power or guaranteed power can be used in one CG if the other CG is not using the power. As in PCM2, the remained power if any can be allocated to a CG which has earlier transmission than the other CG. With different numerology and processing time, earlier transmission needs to be further clarified. Furthermore, utilizing guaranteed power when one CG is not using guaranteed power needs to be clarified as well. 
(3) Use DC PCM2 when asynchronous DC is configured and DC PCM1 when synchronous DC is configured: DC PCM1 is beneficial when synchronous operation is assumed between LTE and NR carriers. In terms of synchronous DC, as NR and LTE can use different numerology and can have different processing time, the definition of synchronous DC to utilize PCM1 needs to be clarified. One example is to assume that PCM1 can be used when NR and LTE use the same numerology and the processing time would be the same. As PCM1 requires look ahead operation, if processing times of each CG are different, it may complicate look ahead operation.
Given potential benefits and drawbacks of each approach, we propose to use DC PCM2 as a baseline power control for NR-LTE DC and also for NR-NR DC. 
Proposal 1: Dynamic power sharing based on guaranteed power configured is supported for LTE-NR DC and NR-NR DC. When the network does not want to exploit dynamic power sharing, it can configure no remaining power. 
With different numerology and processing time, power sharing rule on earlier timing needs to be clarified. Using 15 kHz and 30 kHz subcarrier spacing, which results in different slot size, one example of LTE-NR DC is illustrated in Figure 1. Assuming power can be changed/determined at 1SF or 1 slot before UL transmission, a UE can have different points where power needs to be determined. For example, t0 is the time where the UE determines power for subframe n, and t1 is the time where the UE determines power for slot m. Even though slot m is ahead of subframe n, as the UE may not have the information on power for slot m at t0, the UE allocate remained power to subframe n. Thus, at t1, the UE cannot allocate remained power to slot m. In this sense, earlier timing is not defined by actual uplink transmission timing. Rather it is determined based on power control determination and processing time.   
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[bookmark: _Ref481429263]Figure 1. Illustration of different numerology between MCG and SCG
   If this is used, Figure 2 shows actual power allocation for each CG. 
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[bookmark: _Ref481429904]Figure 2. Illustration of allocated power via earlier timing determination
This issue is present regardless of LTE-NR DC or NR-NR DC. Furthermore, similar issue can occur even between NR-NR carrier aggregation when different numerology and processing time is assumed. Generally, to simplify the power sharing, it is thus desirable that a UE can allocate power to the earlier transmission in consideration of processing time. 
Proposal 2: In PCM2, earlier timing is determined in consideration of processing time by a given numerology of each CG. In other words, the allocated power at a given point would not be withdrawn by another transmission even though it actually occurs before. 
Another issue is to utilize guaranteed power of one CG in case one CG is not going to utilize the configured guaranteed power. Examples include DRX, downlink subframe/slots, no UL scheduling, etc. For semi-statically configured resources such as DRX or semi-statically configured downlink subframe/slots which would not be altered dynamically can be assured where the guaranteed power can be borrowed for the other CG. However, to borrow power based on dynamic signaling such as slot type structure based on group-common PDCCH or based on UL grant, processing time needs to be considered. For example, if self-contained scheduling is considered, UL grant may occur only a few OFDM symbols before the UL transmission. Thus, the guaranteed power can be borrowed from one CG only when the UE can be assured that there will be no UL transmission either from semi-static configuration or the CG would not have any UL grant for the next overlapped UL portions.  
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[bookmark: _Ref481431174]Figure 3. Illustration of power sharing including guaranteed power
As shown in Figure 3, at t1 for slot m+3, the UE knows that there will be no scheduling at subframe n+1 based on the processing time of MCG, it can borrow guaranteed power of MCG. In slot m+4, the UE may not borrow guaranteed power from MCG if there is UL scheduling in subframe n+2. 
With different processing time, even if subframe n+1 has uplink transmission, but if the requested power is smaller than its guaranteed power, unused power can be used for slot m+3 as the UE knows that there will be no UL transmission at MCG for that duration. 
In other words, if look-ahead is possible due to different processing time, a UE can borrow unused power from the other CG. Figure 4 shows an example of dynamic power sharing based on processing time.
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[bookmark: _Ref481431572]Figure 4. Illustration of dynamic power sharing based on look-ahead
Proposal 3. Based on UE processing time, if a UE is ensured that there will be unused power in the other CG, regardless of synchronous/asynchronous DC, the unused power can be borrowed. This should be supported regardless of whether dynamic power sharing based on remaining power is adopted or not.
3. Conclusion
This contribution discussed power control for dual connectivity, and proposed the followings. 
Proposal 1: Dynamic power sharing based on guaranteed power configured is supported for LTE-NR DC and NR-NR DC. When the network does not want to exploit dynamic power sharing, it can configure no remaining power. 
Proposal 2: In PCM2, earlier timing is determined in consideration of processing time by a given numerology of each CG. In other words, the allocated power at a given point would not be withdrawn by another transmission even though it actually occurs before. 
Proposal 3. Based on UE processing time, if a UE is ensured that there will be unused power in the other CG, regardless of synchronous/asynchronous DC, the unused power can be borrowed. This should be supported regardless of whether dynamic power sharing based on remaining power is adopted or not.
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