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1 Introduction

In dual connectivity, as the MeNB and the SeNB schedulers for a UE operate independently and a utilization of a PHR for the SeNB (MeNB) to the MeNB (SeNB) is not as useful as in CA, UL power limited operation can occur much more frequently than in CA unless the schedulers operate conservatively (strict semi-static maximum power allocation to the MeNB and the SeNB with 
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). As such a semi-static maximum power allocation results to reduced coverage and DL/UL throughput loss [1], a dynamic power allocation is considered in this contribution and 
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  is generally allowed. 
This contribution considers prioritization of power allocation to a channel transmission according to the information type it conveys or according to whether the channel transmission is to the MeNB or the SeNB when a total nominal transmission power to the MeNB and the SeNB exceeds 
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. As analyzed in [1], there is no reason to distinguish between synchronous and asynchronous operation. In case of asynchronous operation, the prioritization cases can simply consider the information type in either of the two subframes for a first eNB and the information type in one subframe for a second eNB.
2 UL Power Scaling in Dual Connectivity 
Limiting DC support to UEs that can simultaneously transmit to a MeNB and a SeNB allows for parallelization of Rel-11 operation to two eNBs with respect to UCI multiplexing and PUCCH resource determination. One impact on UL transmissions from DC operation relates to power scaling when the total UE transmission power exceeds 
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. Rel-11 provides rules for power scaling in order to reduce a resulting power at or below 
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. It is noted that configuring a maximum power per cell is equivalent to configuring a maximum power per eNB (
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) [1].
In [2], it is indicated that it is essential to ensure the reliability of Signaling Radio Bearers (SRBs), used only for the transmission of RRC and NAS messages, in order to maintain the RRC connection. It is also indicated that the preamble transmission in the PCell is more important than in any other cell. These two aspects are further considered in the following discussion for power prioritization rules.
A first approach for power prioritization is to always prioritize transmissions to the MCG (not only for SRBs but also for any other type of UL information/signaling). This effectively abandons the Rel-11 power scaling principles (that consider power scaling according to the information type). This is a simple approach and may suffice if an UL power limitation for a UE is a rare and temporary event. However, in case of data offloading to the SCG, always prioritizing power allocation to the MeNB, even for periodic transmissions such as P-CSI or P-SRS or for non-SRB related traffic, can result to a reduction in DL/UL throughput at the SeNB. Moreover, a default power prioritization to the MeNB can lead to cases where a poor link is prioritized over a better link for best effort (EPS) bearers or to scheduling restrictions and co-ordination among eNBs (e.g. by not allowing operation with more HARQ retransmissions to the MCG than to the SCG as such case would imply power over-allocation to the MCG). Therefore, although power allocation to PRACH and SRBs to the MCG can be prioritized without affecting throughput for dual connectivity (coverage is ensured by this prioritization), this should not be extended to prioritizing power allocation to the transmission of any information type to the MCG, over the transmission of any information type to the SCG, if data offloading is a desired target service of dual connectivity.
Observation 1: While power allocation to PRACH and SRB transmissions to the MCG can be prioritized over power allocation to any transmission to the SCG, it is detrimental to extend this principle for transmission of any information type to the MCG.  

A second approach is to apply power scaling according to the information type as in Rel-11. In most cases, Rel-11 rules can apply but they may not always suffice as it is subsequently discussed. Moreover, given that the UP architecture can be either “1A” or “3C”, similar selection between approaches may also be considered to more properly serve the selected UP architecture.
Table 1 presents combinations for UL signaling to a MeNB and to a SeNB and respective power prioritizations. If a UE is configured with CA within an eNB, power prioritization rules for transmission within the eNB can be as in Rel-11. The highlighted entries in Table 1 represent cases where discussion on whether or not to depart from Rel-11 rules (in favor of the MeNB) is needed. The non-highlighted entries result from Rel-11 power prioritization rules and from prioritizing the MeNB in some cases where the same information type is transmitted to both the MeNB and the SeNB. 
Table 1: Power prioritization for UL signaling combinations in dual connectivity.
	MeNB

SeNB
	PRACH
	HARQ-ACK
	SR
	A-CSI
	P-CSI
	A-SRS
	P-SRS
	Data

	PRACH
	MeNB PRACH
	[PRACH]
	[PRACH]
	PRACH
	PRACH
	PRACH
	PRACH
	[PRACH]

	HARQ-ACK
	PRACH
	FFS
	[HARQ-ACK]
	HARQ-ACK
	HARQ-ACK
	HARQ-ACK
	HARQ-ACK
	[HARQ-ACK]

	SR
	PRACH
	HARQ-ACK
	MeNB SR
	SR
	SR
	SR
	SR
	[SR unless data is SRBs]

	A-CSI
	PRACH
	HARQ-ACK
	SR
	MeNB       A-CSI
	A-CSI
	A-CSI
	A-CSI
	[A-CSI unless data is SRBs]

	P-CSI
	PRACH
	HARQ-ACK
	SR
	A-CSI
	MeNB        P-CSI
	[P-CSI]
	P-CSI
	[P-CSI unless data is SRBs]

	A-SRS
	PRACH
	HARQ-ACK
	SR
	A-CSI
	[P-CSI]
	 MeNB      A-SRS
	A-SRS
	Data

	P-SRS
	PRACH
	HARQ-ACK
	SR
	A-CSI
	P-CSI
	A-SRS
	MeNB        P-SRS
	Data

	Data
	PRACH
	HARQ-ACK
	SR
	A-CSI
	P-CSI
	Data
	Data
	MeNB Data


The following are assumed for the entries in Table 1:

a) MeNB PRACH is prioritized over SeNB PRACH [2]. PRACH is prioritized over all other UL signaling. A possible exception is prioritization of PRACH to the SeNB over HARQ-ACK to the MeNB.
b) HARQ-ACK signaling is prioritized over all other UL signaling except PRACH (with the above possible exception). This implies that a PUSCH with HARQ-ACK is prioritized over a PUCCH without HARQ-ACK.

c) SR signaling is prioritized over all other UL signaling expect for PRACH and HARQ-ACK. However, the following cases need to be further considered

a. Whether PRACH to SeNB is prioritized over SR to MeNB.

b. Whether HARQ-ACK to SeNB is prioritized over SR to MeNB.

c. Whether SR to the SeNB is prioritized over data (other than SRBs) to MeNB. For example, whether SR to the SeNB is prioritized over a PHR, or a BSR, or a RSRP report, or a discovery report to the MeNB.

d) A-CSI signaling is prioritized over all other remaining UL signaling as in Rel-11. A-CSI to the MeNB is prioritized over A-CSI to the SeNB. However, similar to SR, further consideration is needed in case a PUSCH in the other eNB conveys important higher layer signaling (e.g. BSR, PHR, RSRP reports, discovery reports, etc.). 
e) P-CSI signaling is prioritized as in Rel-11. Same comments as before apply in case of a P-CSI to SeNB and a PUSCH to MeNB that may convey important higher layer information. 

a. In case of A-SRS, it should be further considered whether to prioritize P-CSI over A-SRS. Unlike Rel-10 CA, even if the eNBs exchange information for subframes with P-CSI transmission for each UE, it can be too restrictive to avoid A-SRS triggering especially if an eNB uses TDD.
f) A-SRS and P-SRS are prioritized last with A-SRS having higher priority as in Rel-11. However, it should be further considered if SRS to a first eNB is dropped if the UE transmits P-CSI to a second eNB as transmitting the last symbol of PUCCH Format 2/2a/2b with reduced power does not have a noticeable impact on BLER and does not affect orthogonal multiplexing.
For the cases that a same signaling type is transmitted in the MeNB and the SeNB, the following can be considered:

a) HARQ-ACK+HARQ-ACK: Further discussion is needed (see below).
b) SR+SR: This is a rather unlikely event, particularly in conjunction with power limited operation, since the eNBs can typically avoid configuring same subframes for potential SR transmissions (at least UE-specific ones - TDD UL-DL configuration 5 is an exception). SR to MeNB can be prioritized as a UE may have delay critical information to transmit.

c) A-CSI+A-CSI: A-CSI to MeNB can be prioritized as the MeNB serves to maintain RRC connection for a UE.

d) P-CSI+P-CSI: Similar to SR+SR, this can be avoided as the eNBs can typically configure different subframes for P-CSI transmissions (at least UE-specific ones - TDD UL-DL configuration 5 is an exception). P-CSI to MeNB can be prioritized and/or the CSI reporting type can be considered as in Rel-10.

e) A-SRS+A-SRS: A-SRS to MeNB can be prioritized.
f) P-SRS+P-SRS: Similar to SR+SR or P-CSI+P-CSI, this can be typically avoided by MeNB/SeNB coordination. P-CSI to MeNB can be prioritized.
g) Data+Data: Further discussion is necessary (see below)
Observation 2: Similar to SRBs, further discussion is needed for prioritization of power allocation to MAC CEs (PHR, BSR, RSRP). Whether this needs to be specified or left to the UE implementation is FFS.
Proposal 1: For a UE with DC operation, UL power prioritization when a total transmission power exceeds 
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 is as in Table 1. RAN1 should further discuss the unresolved cases.
HARQ-ACK+HARQ-ACK

In CA, the eNB can be aware of simultaneous PRACH and HARQ-ACK transmissions and can have a better knowledge of a potential power limitation from the PHR. This is not the case in DC where a first eNB cannot know that the UE also transmits PRACH or HARQ-ACK to a second eNB when it transmits HARQ-ACK to the first eNB. HARQ-ACK BER will be larger than a target BER and potentially approach 50% as, in addition to power reduction, “near-far” effects can occur due to HARQ-ACK signaling with nominal power in the same RB from other UEs. Having a ~50% probability for NACK-to-ACK errors, that cause HARQ buffer corruption and require involvement of higher layer ARQ, will affect QoS and throughput. In CA, power scaling of HARQ-ACK transmissions is rare (only when different TAGs apply and there is PRACH transmission on a SCell) and it can be up to the eNB implementation how to process the HARQ-ACK (including to ignore it or to schedule retransmissions); this is not possible for DC. Therefore, dropping a HARQ-ACK transmission and allowing the eNB to detect DTX is preferable to transmitting HARQ-ACK with reduced power (at least for a PUCCH transmission).
Observation 3: HARQ-ACK power scaling can occur in DC without eNB knowledge/predictability and it can affect QoS and system throughput. Dropping HARQ-ACK transmission instead of transmitting with reduced power is preferable.  
With DC, HARQ-ACK can be simultaneously transmitted using a first PUCCH format for the MeNB and a second PUCCH format for the SeNB or using PUCCH for the MeNB (or SeNB) and PUSCH for the SeNB (or MeNB). Power scaling also has different impact for different HARQ-ACK payloads as, since UL transmission power scales with the HARQ-ACK payload, the impact on BER is largely independent of the HARQ-ACK payload. Therefore, there will be statistically more HARQ-ACK error errors when a PUCCH conveys a larger HARQ-ACK payload than when it conveys a smaller payload.
Observation 4: HARQ-ACK power scaling statistically results to more HARQ-ACK errors for a larger HARQ-ACK payload than for a lower HARQ-ACK payload.

Further, with DC, HARQ-ACK transmission in one eNB can be multiplexed with data or A-CSI or with other UCI, such as P-CSI or SR, while HARQ-ACK transmission in the other eNB can be transmitted without multiplexing any other information. Therefore, power scaling in the former case will also affect other information, in addition to HARQ-ACK, while power scaling in the latter case will affect only HARQ-ACK. 
Observation 5: Different eNBs may or may not multiplex additional information with HARQ-ACK and power scaling of PUCCH/PUSCH conveying HARQ-ACK can also affect reception reliability of information other than HARQ-ACK.

Data+Data
In CA, a UE can apply equal power scaling to PUSCH transmissions but it can also suspend PUSCH transmissions for some serving cells (scaling by 0). Suspending a PUSCH transmission is motivated when a respective power is already too low so that any additional power reduction effectively suspends the PUSCH. Such cases can frequently exist for typical scenarios envisioned for DC operation where the MeNB corresponds to a macro-cell and the SeNB corresponds to a small cell and a transmission power for a PUSCH to the MeNB can be more than 10 dB larger than a transmission power to the SeNB. Then, decreasing a nominal PUSCH transmission power to the SeNB by a few dB can effectively suspend the PUSCH transmission. Moreover, suspending a transmission carrying important higher layer signaling information (PHR, BSR, RSRP, discovery reports), should generally be avoided.
Alternative mechanisms to equal power scaling, such as configurable weights or proportional weights to nominal PUSCH transmission powers, were considered in Rel-10 and should be further examined for operation with DC.

Observation 6: Equal PUSCH power scaling in case of UL transmission power limitation may not be appropriate for DC. The case of MAC CEs should also be considered similar to SRBs.
3 Conclusions

This contribution considered physical layer aspects for operation with dual connectivity and proposes the following:

Proposal 1: For a UE with DC operation, UL power prioritization when a total transmission power exceeds 
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 is as in Table 1. RAN1 should further discuss the unresolved cases.
Additionally, the following are observed:

Observation 1: While power allocation to PRACH and SRB transmissions to the MCG can be prioritized over power allocation to any transmission to the SCG, it is detrimental to extend this principle for transmission of any information type to the MCG.  
Observation 2: Similar to SRBs, further discussion is needed for prioritization of power allocation to MAC CEs (PHR, BSR, RSRP). Whether this needs to be specified or left to the UE implementation is FFS.
Observation 3: HARQ-ACK power scaling can occur in DC without eNB knowledge/predictability and it can affect QoS and system throughput. Dropping HARQ-ACK transmission instead of transmitting with reduced power is preferable.  
Observation 4: HARQ-ACK power scaling statistically results to more HARQ-ACK errors for a larger HARQ-ACK payload than for a lower HARQ-ACK payload.

Observation 5: Different eNBs may or may not multiplex additional information with HARQ-ACK and power scaling of PUCCH/PUSCH conveying HARQ-ACK can also affect reception reliability of information other than HARQ-ACK.

Observation 6: Due to the likelihood of a large transmission power difference between a PUSCH transmitted to the MeNB and a PUSCH transmitted to the SeNB and due to the likelihood of a low PUSCH transmission power to the SeNB, equal PUSCH power scaling in case of UL transmission power limitation may not be appropriate for DC.
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