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1	Introduction
In RAN plenary #75 a NR WI in [1] has been approved. One feature of the Phase 1 NR is dual Connectivity between LTE and NR being the priority, and between NR and NR being the second priority. In addition, several agreements on DC have been achieved in RAN1#88b:
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Agreements:  
Both synchronous and asynchronous dual connectivity are supported for LTE-NR/NR-NR DC
Agreements:  
· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.
· For NR-NR DC, from UE perspective,
· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· FFS: exact definition of synchronous
· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.

In this paper, we will focus on power sharing between LTE and NR operating in DC as well as address the above highlighted FFS point.  
2	Power sharing between LTE and NR
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The main L1 aspect of dual connectivity is the UL power management between cell groups (CGs), because maximum transmit power of a UE cannot be exceeded due to regulations (SAR limits), at least below 6GHz. When a UE transmits UL data or/and control on both carriers at the same time, the maximum nominal power must be shared between the CGs. In LTE, a mechanism illustrated in Figure 1 has been standardized. A UE is configured by MeNB with two parameters p-MeNB and p-SeNB corresponding to minimum guaranteed power at each CG. The values of these parameters are negotiated between the MCG and SCG over X2, and the final decision is made and communicated to a UE by MeNB. 
[image: ]
Figure 1 LTE configuration in DC
In LTE, the specification defines two power control modes on top of preconfigured values p-MeNB and p-SeNB, where Mode 1 is mandatory and Mode 2 may be supported as an option. 
· In power control mode 1 – when UL is synchronous  
· UE allocates up to the minimum guaranteed power to each CG and any remaining power is shared across MCG and SCG on a per transmission basis according to a priority order based on Uplink Control Information (UCI) type.   
· In power control mode 2 – when UL is asynchronous, resulting into overlapping (in time) subframes in MCG and SCG,
· the UE reserves the minimum guaranteed power to each CG and any remaining power is first made available to the CG that starts the earliest in time.  



Figure 2 LTE and NR synchronous operation

While the above two algorithms have been seen sufficient for LTE, herein we will study whether they are sufficient also for NR. In the previous meeting, RAN1 agreed that both asynchronous and synchronous dual connectivity is supported. However, it was not clear what does synchronous mean in the case of different numerology and variable TTI length. Figure 2 shows an example of NR and LTE timing for the new definition of the synchronous operation with the same numerology and variable TTI length, the starting instances for slots and mini-slot are within nested time grid, which means that the shorter TTI is not overlapping (in time) with the boundary of the longer TTI. In LTE, within a single PUCCH group (corresponding to a cell-group in NR) DL carriers are synchronized and boundaries must be aligned with 32us precision. In addition, in LTE, for each TAG group within the PUCCH group, the boundaries of UL transmissions are also aligned. Therefore, we propose the following definition of synchronous UL in NR:
Proposal-1: LTE/NR and NR are considered synchronous in UL, when UL transmissions within the same TAG are aligned within the nested time grid, i.e. the shorter TTI is not overlapping (in time) with the boundary of the longer TTI.
When considering the example from Figure 2, compared to LTE, NR as well as R15 LTE (short TTI) have the following new challenges 
· variable/unequal PUSCH/HARQ-ACK timing on different cell groups
· variable TTI length due to mini-slot or different SCS
· traffic of different priorities (eMBB, URLLC)
Impact of variable PUSCH/HARQ-ACK timing
In LTE, the PUSCH timing is fixed and is the same for both CGs (not considering sTTI yet). Therefore, LTE MODE 1 operation can operate in strictly synchronous way. After a UE receives->decodes->interprets the UL grant(s) or DL assignment(s) in DL subframe n-4 (in both CGs), it knows exactly what shall be transmitted in UL subframe n on both groups. In this case, the priorities on power sharing between CGs may be defined and specified. 
Contrary to LTE-LTE DC, the NR transmissions within the LTE subframe n will not be necessarily scheduled in the LTE subframe n-4, moreover an NR UE will be able to transmit autonomously at any/predetermined time-frequency resources.  Therefore, the NR UE chips will need to have more flexible processing capabilities compared to LTE. For example, if an NR UE would be able to receive->decode->interpret DCI within m LTE OFDM symbols, then LTE MODE 1 operation could be applied directly to all NR triggered UL transmissions scheduled before m-th OFDM symbols prior the start of the subframe n. In addition, certain amount of time needs to be reserved for power amplifier ramp up/down. 
Observation-1: The LTE Mode 1 power sharing mechanism may be applied to synchronous LTE-NR DC, if NR UEs can interpret all NR DCIs, triggering UL transmissions in subframe n, before the start of the LTE subframe n.
For the case of asynchronous DC between NR and LTE, as well as for the synchronous LTE-NR DC, when DCI triggering UL NR transmission in LTE subframe n cannot be interpreted before the start of the LTE subframe n or UE performs autonomous UL transmission, the UE may operate according to LTE Mode 2. In this case the earlier starting transmission can acquire remaining power being the consequence of configuration illustrated in Figure 1. 
Observation-2: LTE Mode 2 power sharing mechanism may be applied to synchronous NR-LTE DC, if NR UEs are not able to interpret all NR DCIs triggering UL transmissions in LTE subframe n before the start of the LTE subframe n, or in the cases when NR DCIs are transmitted within the LTE subframe n or UE decides and transmits autonomously within LTE subframe n. 
Observation-3: LTE Mode 2 may be applied to asynchronous LTE-NR DC.
However, in RAN1#89, two companies objected adoption of LTE Mode 2 sharing baseline mechanism for LTE-NR DC. The reasoning was the implementation feasibility in sharing the Remaining power (see Figure 1) between the chipsets of LTE and NR. These two companies proposed to adopt semi-static sharing of powers between two legs instead, i.e. the Remaining power is set to 0. However, we think that such a solution is fully insufficient from network point of view to operate the dual connectivity. The semi-static negotiation over X2, as described in beginning of Section 2 is very slow. Therefore, it would restrict the usage of available UL power on one leg for data in case the channel experience a longer period of higher pathloss (e.g. due to shadowing) on the other leg. This significantly limits the usability of DC in UL.  
Observation-4: Semi-static sharing mechanism of LTE MODE 2, where remaining power is set to 0 would significantly limit the usability of DC in UL. 
Proposal-2: Adopt LTE Mode 2 power sharing mechanism for LTE-NR DC as baseline.
Optimization of the LTE schemes for priority traffic
The next question is whether UE should be allowed to pull autonomously the power between NR CG or LTE CG irrespective of RRC configuration illustrated in Figure 1. For example, in case of priority traffic a UE could autonomously stop/drop the transmission on one CG (e.g. LTE MCG) and use the power on the other CG (e.g. NR SCG) where priority traffic shall be transmitted. This autonomous UE behavior would have at least the following consequences:
· the dynamic fluctuation of NR UE’s transmit power would further increase the fluctuation of interference in the network, so called flash-light effect, and 
· the impact to the link performance on the CG where transmission has been dropped. If the stopping/dropping would happen infrequently, the link could recover. However, if URLLC traffic would be occurring for the longer time, this could result in continuous UCI dropping, and eNB would consider the link to be lost. 
Therefore, we propose that if NR supports autonomous boosting for priority traffic, the boosting should not be dynamic, but applied for all URLLC traffic on a semi-static basis. Moreover, a UE should not be allowed to autonomously acquire all available power in LTE-NR DC, where LTE is MCG, because control plane should be kept functional to avoid loss of connection on MCG and such loss of entire connection. Minimum guaranteed power should be left for MCG.   
Proposal-3: If autonomous power boosting is supported for priority traffic, the boosting should be applied for all URLLC traffic on a semi-static basis.
Observation-5: In LTE-NR DC, where LTE is MCG, a UE should not be allowed to acquire all available power for priority traffic on the NR SCG. Minimum guaranteed power is required at MCG. 
3	Conclusion
In this contribution, we have discussed aspects of power sharing between NR and LTE cell-groups in DC and we have the following observations and proposals:
Proposal-1: LTE/NR and NR are considered synchronous in UL, when UL transmissions within the same TAG are aligned within the nested time grid, i.e. the shorter TTI is not overlapping (in time) with the boundary of the longer TTI.
Observation-1: The LTE Mode 1 power sharing mechanism may be applied to synchronous LTE-NR DC, if NR UEs can interpret all NR DCIs, triggering UL transmissions in subframe n, before the start of the LTE subframe n.
Observation-2: LTE Mode 2 power sharing mechanism may be applied to synchronous NR-LTE DC, if NR UEs are not able to interpret all NR DCIs triggering UL transmissions in LTE subframe n before the start of the LTE subframe n, or in the cases when NR DCIs are transmitted within the LTE subframe n or UE decides and transmits autonomously within LTE subframe n. 
Observation-3: LTE Mode 2 may be applied to asynchronous LTE-NR DC.
Observation-4: Semi-static sharing mechanism of LTE MODE 2, where remaining power is set to 0 would significantly limit the usability of DC in UL. 
Proposal-2: Adopt LTE Mode 2 power sharing mechanism for LTE-NR DC as baseline.
Proposal-3: If autonomous power boosting is supported for priority traffic, the boosting should be applied for all URLLC traffic on a semi-static basis.
Observation-5: In LTE-NR DC, where LTE is MCG, a UE should not be allowed to acquire all available power for priority traffic on the NR SCG. Minimum guaranteed power is required at MCG. 

References
[1] [bookmark: _Ref449465801][bookmark: _Ref477706555]RP-170847, “New WID on New Radio Access Technology”, NTT DOCOMO, INC., RAN 75, Dubrovnik, Croatia, March 6 - 9, 2017

image1.png
UE max tx power (Pcmax)
— - —m 0 - -

Remaining
power

p-MeNB





image2.emf
LTE subframe #

n-4 n-3 n n-2 n-1

DL-LTE CG1

UL-LTE CG1

DL-NR CG2

UL-NR CG2

slot

mini-slot

t

i

m

i

n

g

 

t

h

r

e

s

h

o

l

d

 

f

o

r

 

D

C

I

s

m


oleObject1.bin
DL - NR CG2


UL - NR CG2


�

slot


mini-slot


LTE subframe #


n-4


n-3


n


n-2


n-1


DL - LTE CG1


UL - LTE CG1


timing threshold for DCIs


m



