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1 Introduction

After RAN1#78bis, the main remaining aspects for UL power control (PC) in dual connectivity (DC) are primarily the power allocation for SRS transmissions and the confirmation of a few working assumptions and FFS aspects regarding power allocations for PRACH transmissions [1]. 

This contribution considers remaining aspects of UL PC for DC.
2 Remaining Aspects on Power Control
SRS Power Allocation
In DC, UE power is first allocated to MCG and SCG according to the guaranteed values 
[image: image1.wmf]MeNB

ˆ

P

 and  
[image: image2.wmf]SeNB

ˆ

P

, respectively. For PC Mode 1 (PCM1) used in synchronous DC operation, remaining UE power (
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) is allocated according to the information rule priority rule with SRS having the least priority. For PC Mode 2 (PCM2) used in asynchronous DC operation, remaining UE power is allocated to the earlier transmission. Whether a UE operates under PCM1 or under PCM2 is signaled by the network.  
Aspects regarding power allocation to SRS transmissions in DC include:
· Whether 
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 are applicable to SRS
· Whether SRS transmission(s) in a CG is power scaled or dropped in case the nominal/assigned power(s) cannot be met due to prioritization of the other CG
· Whether, for PCM2, power allocation is based on the maximum of the total required transmission power for PUxCH(s) and SRS(s) in the earlier subframe of a CG or whether it is based only on the total required transmission power for the PUxCH(s) in the earlier subframe. 
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 need to be applicable to all UL transmissions (except when PRACH is transmitted in the other CG in case of PCM1) as otherwise SRS functionality cannot be guaranteed, UL spectral efficiency can be degraded (and DL spectral efficiency in TDD), and eNB scheduler operation will need to be modified for DC. As the SRS has the lowest priority among UL transmissions, applying 
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 to SRS transmission in the MCG and SCG, respectively, is important as otherwise SRS transmissions can be frequently power scaled or dropped. For example, small values for 
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 that allow large dynamic sharing are likely to lead to excessive de-prioritizations of SRS transmissions.

Proposal 1: 
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 are applicable to all UL signal transmissions in the MCG and the SCG, respectively (unless, for PCM1, there are PRACH transmissions).

PCM1 

Within each CG, Rel-11 power scaling or dropping rules for SRS transmissions can apply in case of SRS transmission power limitations. 
For PCM1, Rel-11 rules can apply for SRS transmissions in subframe 
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 to the XeNB (MeNB or SeNB), where  
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 being the total required UE transmission power in subframe 
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 to the YeNB (SeNB or MeNB). To avoid any fluctuations in the total SRS transmission power, the XeNB can set the SRS power control parameters so that 
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 with some margin to allow for TPC accumulation, where 
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 is the total power of SRS transmissions in the XeNB in subframe 
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. This implies that the total power of SRS transmissions from the UE is effectively restricted to be smaller than 
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. This can be problematic in case 
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 is set to a low value that cannot avoid power scaling if multiple SRS and/or multiple PUxCHs need to be simultaneously transmitted in a CG, particularly for large SRS bandwidths.

Within a CG, power scaling occurs only among SRS transmissions and this can be efficiently controlled by the eNB as it knows the total transmission powers, with the exception of some TPC errors which can be corrected from PHR, and can reset the SRS power control parameters when needed. However, for DC operation, the problem is that the eNB does not know the situation in the other eNB and therefore, eNB-centric approaches cannot be properly functional. However, the UE knows the transmission power requirements in both CGs and can make appropriate decisions. 
With regard to SRS transmissions for PCM1, such decisions can be whether to power scale or drop an SRS transmission. For example, if an SRS transmission needs to be power scaled by 10%-20%, there is no reason to drop it; the reverse can apply when an SRS transmission needs to be power scaled by 70%. This of course will also depend on the values of 
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 and on how much dynamic power sharing is allowed (e.g. if 20% of 
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 is allowed to be shared, power scaling among SRS transmissions in different CGs can be acceptable but if 50% of 
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 is allowed to be shared, power scaling among SRS transmissions in different CGs may not be acceptable for SRS transmissions to the SCG). Dropping SRS transmissions when they only need small power scaling is not beneficial and, in general, dropping SRS transmissions that can be used for UL timing estimation or for PMI and DL scheduling (in TDD) is not beneficial. Conversely, significant power scaling of SRS transmissions is also not beneficial particularly as the eNB may filter UL CSI obtained from SRS and the effect of power scaling can last over many subframes. 
Therefore, either dropping or transmitting an SRS that requires power scaling can be the better choice depending on the operating conditions which are generally unknown to the eNBs but are always known to the UE. Similar to PUSCH, power scaling can be allowed among SRS transmissions with the UE also being allowed to drop SRS transmissions.

Proposal 2: A UE can either power scale or drop an SRS that cannot be transmitted with its required power when it collides with other SRS transmission(s). 

PCM2
For PCM2, benefits from dynamic power sharing are reduced as the earlier transmissions are prioritized and transmission power remains the same across the subframe (for PUSCH). In case 
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 this can lead to several detrimental consequences including a UE not being able to utilize all of its available power 
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) and compromising UCI reliability (especially in case of multiplexing in PUSCH) as prioritizations of power allocation according to information type are not possible. As it is subsequently discussed, it is also detrimental for SRS transmissions. Therefore, 
[image: image31.wmf]CMAX

SeNB

MeNB

ˆ

ˆ

ˆ

P

P

P

<

+

 is an unlikely case in practice and specifications for PCM2 operation should not consider respective optimizations as these are likely to lead to increased UE complexity without functional benefits. For semi-static power sharing, operation per CG is effectively as in Rel-11 with 
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 on the MCG and by 
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 on the SCG.
Several options for SRS power scaling in PCM2 were discussed during RAN1#78bis (and in subsequent email discussions) and four options were summarized in [2]. Regarding the first three options (the fourth one is to set 
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), the following observations are made. The earlier transmission is assumed to be on XeNB, 
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 is the maximum SRS transmission power on the XeNB in subframe 
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, and 
[image: image38.wmf])

(

ˆ

XeNB

PUxCH,

i

P

 is the total transmission power of PUxCH on the XeNB.
Option 1: 
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. Unless 
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 is large, SRS power scaling is practically guaranteed as the required SRS transmission power in a symbol can typically be (much) larger than the required PUSCH transmission power in a symbol.  
Option 2: 
[image: image41.wmf]YeNB

PUxCH,

CMAX

XeNB

max,

SRS,

ˆ

ˆ

)

(

ˆ

P

P

i

P

-

=

. Although SRS power scaling cannot be avoided due to inter-CG transmissions, this option is consistent with the principle of prioritizing power allocation to the earlier transmission and is expected to typically provide more available power for SRS transmissions than option 1.
Option 3: 
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. This can make dynamic power sharing for PCM2 even more detrimental as a large SRS transmission power in one subframe symbol in the XeNB will effectively cause transmissions over a subframe in the YeNB to have only 
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 as the available power which can in general be problematic for dynamic power sharing where 
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 (e.g. large PUSCH power may be required and PUSCH can include UCI). 
Proposal 3: If SRS transmission power determination needs to consider dynamic power sharing for PCM2, then 
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. If an SRS cannot be transmitted with its required power, SRS power scaling or dropping is left to UE implementation.
PRACH Power Allocation
The status for the PRACH power allocation after RAN1#78bis is as follows:
· Working assumption: If the difference of the starting time of two transmissions is equal to or less than [33usec] and if the UE applies PCM1
· PCell PRACH > other PRACHs > other channels

· Working assumption: For the case of retransmission of PRACH or UE-initiated PRACH, PCell PRACH > other PRACHs > other channels
· Other than above two sub-bullets, on-going transmission is prioritized

· Priority among other PRACHs is up to UE implementation

· It is up to UE implantation that lower prioritized PRACH is power scaled or dropped,
· FFS: If PRACH is dropped, 
· L1 can indicate the dropping to MAC if RAN2 see the need of the indication
· No increment in power ramping is necessary for the retransmission
For the first working assumption, the issue is whether pSCell PRACH and/or MCG SCell PRACH are also prioritized relative to other PRACHs. It has been extensively discussed that specifying a predetermined order for PRACH power prioritization can actually lead to worse performance as the UE has better and up-to-date knowledge of the PRACH to prioritize (e.g. one PRACH that could be assigned a low priority requires a much smaller transmission power or has a larger transmission counter than another PRACH that could be assigned a higher priority). Moreover, the probability of a UE having multiple simultaneous PRACH transmissions (in addition to a PRACH transmission to the PCell) and at the same time being power limited is marginal and any particular prioritization approach, beyond prioritizing PRACH to the PCell, is not expected to have any impact. Therefore, the first working assumption should be confirmed and no further specification for the PRACH power prioritization according to the cell type is needed.
For the second working assumption, the applicability of the scenarios is for PCM2. Further conditions to the ones listed in the second working assumption can be included, such as prioritizing power allocation to PRACH initiated by a PDCCH order. The conditions in the second working assumption are optimizations to unlikely operating scenarios and can be avoided by the UE (e.g. by possibly delaying PRACH transmission). Also, as it was previously discussed, operation with dynamic power allocation should not be a focus for optimizations of PCM2. Therefore, in practice, the conditions in the second working assumption will not serve to provide any meaningful improvement to the system operation while they will lead to increased specification and UE implementation complexity.
Finally, if a PRACH transmission requiring power scaling is dropped (UE implementation aspect), it should be clear that no power ramping is necessary at the next transmission opportunity as there was no previous transmission anyway. 

Proposal 4: For PRACH power prioritization, PCell PRACH > other PRACHs > other channels. No other specifications are necessary.

3 Conclusions

This contribution considered remaining aspects related to UL PC in dual connectivity. In particular, the following are proposed.
Proposal 1: 
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 are applicable to all UL signal transmissions in the MCG and the SCG, respectively (unless, for PCM1, there are PRACH transmissions).

Proposal 2: A UE can either power scale or drop an SRS that cannot be transmitted with its required power when it collides with other SRS transmission(s). 

Proposal 3: If SRS transmission power determination needs to consider dynamic power sharing for PCM2, then 
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. If an SRS cannot be transmitted with its required power, SRS power scaling or dropping is left to UE implementation.
Proposal 4: For PRACH power prioritization, PCell PRACH > other PRACHs > other channels. No other specifications are necessary.
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