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Introduction
In RAN1 NR Ad-Hoc#2 [1], the following has been agreed for UL power sharing for LTE-NR dual connectivity (DC)
· 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. 

In this contribution, some open issues in power sharing for LTE-NR DC are discussed. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Power Sharing for LTE-NR DC 
There are two types of power sharing between LTE and NR for dual connectivity. One is semi-static power sharing and the other one is dynamic power sharing. Semi-static power sharing has already been agreed as baseline for LTE-NR dual connectivity. With semi-static power sharing, X% power is assigned to LTE, while 1-X% power is given to NR. The value of X can be semi-statically configured by gNB. Semi-static power sharing is a very simple solution which does not need much standardization effort. It does not complicate UE implementation neither. Furthermore, it is an effective solution that works reasonably well for all scenarios for power sharing for LTE-NR DC.
On the other hand, although the principle of dynamic power control seems simple, in reality it is very complicated. There are 13 pages in [2] just to describe the dynamic power control for LTE MCG and SCG dual connectivity. In the region of LTE-NR dual connectivity, there are much more complicated scenarios we need deal with such as 1) coexistence of LTE regular TTI, LTE sTTI, and NR 2) LTE CA plus NR CA than in LTE DC. Very extensive standardization efforts including studies and simulations are required to define a good dynamic power sharing rule for LTE-NR dual connectivity. Given the tight schedule that Rel. 15 has to be finished within 2017, we should postpone the study of dynamic power sharing until Rel. 16.  
Under the umbrella of dynamic power sharing, some companies have proposed applying LTE DC PCM2 for LTE-NR DC. In LTE dual connectivity, PCM2 is proposed for asynchronous MCG and SCG. PCM2 reserves the minimum guaranteed power for each CG, say X% for MCG and Y% for SCG where X%+Y%<100%. Then the remaining power 1-X%-Y%, is assigned to the CG with the earliest transmission in time. Therefore, the remaining power is dynamically shared between two CGs. 
However, PCM2 is not a good solution for LTE-NR power dynamic sharing due to the following reasons. 
First of all, PCM2 type of dynamic power sharing schemes requires UE track both the LTE and NR timeline and make power sharing decisions jointly for LTE and NR. This requires UE has the capability to communicate between LTE and NR chipset, which will increase the implementation complexity of UE.   
Secondly, NR needs to support much flexible scheduling timeline. In other words, the delay or interval between UE receives UL grant and UE starts the corresponding transmission, which is denoted as K2 in unit of slots or N2 in unit of OFDM symbols, can be much more flexible than in LTE. With this flexible K2 or N2, the definition is “the earliest” transmission in time is ambiguous. If “the earliest” is referring to the earliest actual PUSCH transmission, then it has a big impact to UE processing timeline as shown in the following scenario in Figure 1. In this example, UE cannot determine the power for LTE PUSCH transmission until it decodes the NR UL grant, which significantly reduced the time budget for LTE PUSCH waveform generation. Without dynamic power sharing, suppose LTE process timeline needs 1 subframe (1ms) to decode UL grant, it has 2 subframes (2ms) to generate the PUSCH waveform. With dynamic power sharing, it only has 0.5ms to prepare the PUSCH waveform, which make it extremely difficult for LTE PUSCH waveform generation, if not impossible. One alternative way to define “the earliest” referring the reception of UL grant. In the same example as in Figure 1, assuming PDCCH decoding time is the same for LTE and NR, with “the earliest” UL grant decoding, UE decides that LTE PUSCH gets the remaining extra power. This relaxes the LTE PUSCH processing timeline. However, it does not make much sense in reality. The NR has back-to-back UL grant and UL PUSCH may be because NR need transmit time critical PUSCH, e.g. URLLC. But URLLC does not get enough power to transmit because the remaining power is assigned to LTE PUSCH, which actually happens after NR URLLC PUSCH transmission. Therefore, this rule of “earliest transmission” referring to UL grant decoding does not make sense in certain scenarios.

 
[bookmark: _Ref477973495]Figure 1: Different K2 or N2 values for LTE and NR 

Thirdly, on top of the flexible scheduling timeline, NR can support different numerology then LTE. Furthermore, the service/traffic type can be different between LTE and NR. All these factors make it very hard to define a reasonable dynamic power sharing. For example, as shown in  Figure 2, NR has much smaller TTI than LTE due to different numerology. With the TTI for LTE PUSCH, NR has a URLLC traffic schedule for UL transmission. A reasonable dynamic power sharing rule should reserve the remaining 1-X%-Y% of power to NR for the URLLC transmission. However, since the LTE PUSCH transmission occurs before NR URLLC, it seems impossible for UE to define a feasible dynamic power sharing rule to reserve the remaining power, simply because UE does not know future URLLC traffic arrivals. Therefore, NR URLLC traffic only gets Y% transmission power. However, even with a straightforward semi-static power spitting, NR URLLC traffic can get more power than Y%, just with static splitting of the remaining 1-X%-Y% power between LTE and NR. Therefore, the simple semi-static power sharing is even better than dynamic power sharing in this scenario.


[bookmark: _Ref489461086]Figure 2: Different numerology and service type between LTE and NR 
Last but not least, dynamic power sharing for LTE-NR has to support complicated scenarios such as 1) coexistence of LTE regular TTI, LTE sTTI, and NR 2) LTE CA plus NR CA. Apparently PCM2 does not work well in those scenarios because it was not designed for those scenarios at the first place.
In summary, even with UE paying the price of complicated implementation to allow communication and coordination between LTE and NR chipset, PCM2 does not work well in many scenarios as mentioned before. RAN1 has to find a better solution than PCM2 for LTE-NR DC. Given the schedule of release 15, it is very difficult to finalize the standardization of dynamic power sharing rule in release 15, due to the above mentioned technical challenges that RAN1 needs to deal with.
Therefore, we have the following proposal for LTE-NR power sharing,
Proposal 1: In release 15, only support semi-static power sharing with X% power assigned to LTE and 1-X% power assigned to NR where X is semi-statically configured. Study dynamic power sharing in later release. 
Power headroom report for LTE-NR DC
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _GoBack]When semi-static power sharing is applied to LTE-NR DC, it is straightforward to support separate power headroom calculation and report for NR and LTE. With separate PHR for LTE and NR, when a PHR for LTE is due while the PHR for NR is not due, UE could send a companion PHR for NR as well. On the other hand, when a PHR for NR is due but the PHR for LTE is not due, UE could send a companion PHR for LTE. The companion LTE PHR or NR PHR can be a virtual PHR if there is no actual UL transmission on LTE or NR. 
Proposal 2: Support separate PHR for LTE and NR with LTE-NR DC.
Conclusions
The following proposals are for uplink power sharing between LTE and NR. 
Proposal 1: In release 15, only support semi-static power sharing with X% power assigned to LTE and 1-X% power assigned to NR where X is semi-statically configured. Study dynamic power sharing in later release. 
Proposal 2: Support separate PHR for LTE and NR with LTE-NR DC.
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