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1 Introduction

This contribution considers remaining aspects of UL power control for dual connectivity including the following issues that remained FFS after RAN1#78:

· FFS: Priority between periodic and aperiodic CSI
· FFS whether priority rule based on channel type is considered 
· FFS: UE can drop PUSCH and piggy back the multiplexed HARQ-ACK onto PUCCH in power limited case

· FFS: How/whether to ensure eNB and UE have the same understanding of synchronous case

· PRACH handling
· SRS handling

· Synchronous vs. asynchronous operation

Nearly all of the above remaining issues were discussed (without conclusion) during RAN1#78 or in subsequent email discussions. In the following, we summarize our views.
2 Remaining Aspects on Power Control
Priority between periodic and aperiodic CSI

A reason for prioritizing periodic CSI is that not all eNBs implement P-CSI DTX (optional feature) and dropping periodic CSI can result to the eNB filtering noise which can then impact link adaptation is subsequent subframes. Reasons for prioritizing aperiodic CSI are that it is typically associated with DL scheduling an eNB is about to perform (its loss can affect short-term DL UE-throughput) and that de-prioritization of A-CSI will also result to de-prioritization of data and hence of potential loss of that information in addition to A-CSI. However, data transmissions can rely on HARQ and the A-CSI is CRC protected (i.e. the eNB can determine incorrect detection). Considering the trade-offs, it is preferable to leave this issue to UE implementation. One case where this is beneficial is when the UE has SRBs or MAC messages to transmit - then it can prioritize A-CSI; otherwise, it can prioritize P-CSI. Another case is when the UE knows that giving the additional power to a transmission will not meaningfully enhance its reliability while the other transmission can benefit (e.g. much larger power needs to be given to PUSCH than to P-CSI – the UE can allocate power to P-CSI first and allocate any remaining power to PUSCH). On balance, it may be preferable to either prioritize the P-CSI or to leave this prioritization to the UE implementation.
Proposal 1: Prioritization between P-CSI and A-CSI in terms of power allocation can be left to UE implementation.
Priority rule based on channel type

It has been suggested that for the same UCI type, with one UCI transmitted in the PUSCH to one eNB and the other to the PUCCH to the other eNB, power prioritization is in favor of the PUCCH transmission. First, it is noted that this is applicable only to HARQ-ACK (assuming that BSR is not a UCI type and A-CSI and P-CSI are different UCI types). Second, it has already been agreed that for the same UCI type, the UE prioritizes the MeNB and this preempts any consideration of the channel type (which may actually contradict the agreement and, even by itself, is anyway unnecessary).
Observation 1: The UE prioritizes allocation to the MCG in case of the same UCI type transmission in the MCG and the SCG. 

UE drops PUSCH and piggy backs the multiplexed HARQ-ACK onto PUCCH
The UE is already allowed (since Rel-10) to suspend/drop PUSCH transmissions when it needs to perform power scaling. Then, nothing prevents the UE from transmitting HARQ-ACK in a PUCCH. It is noted that an eNB already performs PUCCH DTX detection for HARQ-ACK and the net effect is similar to when the UE misses the UL grant. 
However, there are still some reasons to motivate specification. One reason is for the UE to not transmit HARQ-ACK with reduced reliability in the PUSCH as there is no CRC protection and there can be multiple HARQ-ACK bits (TDD or CA operation) leading to several HARQ-ACK errors. Another reason is for the UE to avoid dropping HARQ-ACK if it drops the PUSCH as the eNB may not perform PUSCH DTX detection and then each HARQ-ACK bit has a 50% BER. A third reason is to assist the eNB in determining (by detecting HARQ-ACK in the PUCCH) that the UE was to operate in power limited conditions (assuming that the eNB somehow assigns a lower likelihood to the UE missing the UL grant for the PUSCH).  

Proposal 2: The UE transmits HARQ-ACK in the PUCCH and drops the PUSCH when it needs to transmit HARQ-ACK in the PUSCH with reduced power.

A related topic is the UE behavior when it needs to transmit HARQ-ACK in the PUCCH with reduced power. As an eNB performs DTX detection, it is preferable for the UE to avoid transmitting HARQ-ACK in the PUCCH with reduced power. The same can apply for the P-CSI even when the eNB does not implement DTX detection as the result is anyway likely to be in error if the power reduction is not small. For the SR, there is no reason to drop a transmission even if it is with reduced power but, similar to other UCI transmission in the PUCCH, near-far effects will occur when signals with unequal powers are transmitted in the same PRB. 
Similar to Rel-10, where it is left to the UE implementation whether to power scale or drop a PUSCH transmission, it should also be left to the UE implementation whether to power scale or drop a PUCCH transmission (although it is also beneficial to specify that the UE drops at least the HARQ-ACK transmission).
Proposal 3: A UE should not be mandated by specification to transmit power scaled signaling in the PUCCH. It can be further considered whether to specify that the UE drops power scaled signaling in the PUCCH. 

PRACH prioritization

This issue has been extensively discussed on the email reflector. A UE has better knowledge of the conditions (e.g. number of attempts) and the reasons for simultaneously transmitting multiple PRACHs (e.g. resynchronization vs. PDCCH order). For such reasons, PRACH prioritization in Rel-11 was left to the UE implementation. Not only there is no fundamental reason to change this conclusion for dual connectivity but in fact mandating the UE behavior by specification can only be counter-productive. 

An agreement was made to prioritize PRACH transmission to the MCG PCell. Although it was not clarified whether PRACH transmission to the MCG PCell is prioritized when all things being equal (e.g. number of attempts in another cells, reason for PRACH transmission, etc.), it is reasonable to assume that this was unconditional and further specification will only introduce unnecessary complexity for a minor optimization.
Proposal 4: A UE first prioritizes power allocation to the PCell PRACH transmission, then prioritizes power allocation to other PRACH transmissions, and finally prioritizes power allocation to other channels/signals.

SRS prioritization

The same rules considered for other UL signaling, can apply for the SRS. In particular, for either synchronous or asynchronous operation, the guaranteed power per CG applies to all signals (no exception for the SRS). Within each CG, Rel-11 rules apply. Across CGs, remaining power is allocated to the SRS with least priority. When remaining power needs to be shared between SRS across CGs, regardless of P-SRS or A-SRS, this can either be left to the UE implementation or the SRS to the PCell, if any, can be prioritized. 

Proposal 5: There is no exception for the SRS with respect to using guaranteed power per CG. Allocation of remaining power to SRS has the least priority. Prioritization among SRS, including P-SRS and A-SRS, in different CGs is left to UE implementation.
Synchronous vs. Asynchronous Operation 
Several aspects were discussed over the email reflector following RAN1#78. First, it would be beneficial for the network to know whether the UE applies UL power control according to synchronous operation (DC PC mode 1) or according to (without “look-ahead”) asynchronous operation (DC PC mode 2). For example, if some UEs apply DC PC mode 2 while the network assumes DC PC mode 1, power utilization for the UEs will be worse, throughput will be worse, and this can propagate due to the scheduler to throughput experienced by other UEs. Conversely, if some UEs apply DC PC mode 1 while the network assumes DC PC mode 2, benefits from dynamic power utilization will likely not exist as the network will likely apply a hard power split. It is also unnecessary for the UE to autonomously decide the DC PC mode as the only case where this may be of some benefit is when the network is asynchronous and the maximum timing difference for the UE happens to be within 33 usec. There is no need to introduce UE measurements, specifications, and testing for such a case when it is practically certain that its impact on the overall network throughput will be trivial.

Proposal 6: The network signals to the UE the DC PC mode using 1-bit RRC signaling. The UE always follows the indication by the network.
SR vs. HARQ-ACK Prioritization

In RAN1#78, it was agreed that SR and HARQ-ACK have the same priority. This can result to both channels (PUCCH for SR and PUCCH or PUSCH for HARQ-ACK) being power scaled which, as previously discussed, is undesirable. The UE in that case should not be mandated to transmit PUCCH with reduced power (Rel-10 allows the UE to not transmit PUSCH with reduced power). Equal prioritization for allocation of remaining UE transmission power to SR and HARQ-ACK transmissions can still apply if it results to transmissions that are not power scaled. 

Observation 2: For equal prioritization for allocation of remaining UE transmission power to SR and HARQ-ACK, the UE should not be mandated to transmit both respective channels if they both need to be power scaled.
3 Conclusions

This contribution considered remaining aspects related to UL PC in dual connectivity. In particular, the following are proposed.
Proposal 1: Prioritization between P-CSI and A-CSI in terms of power allocation can be left to UE implementation.
Proposal 2: The UE transmits HARQ-ACK in the PUCCH and drops the PUSCH when it needs to transmit HARQ-ACK in the PUSCH with reduced power.

Proposal 3: A UE should not be mandated by specification to transmit power scaled signaling in the PUCCH. It can be further considered whether to specify that the UE drops power scaled signaling in the PUCCH. 

Proposal 4: A UE first prioritizes power allocation to the PCell PRACH transmission, then prioritizes power allocation to other PRACH transmissions, and finally prioritizes power allocation to other channels/signals.

Proposal 5: There is no exception for the SRS with respect to using guaranteed power per CG. Allocation of remaining power to SRS has the least priority. Prioritization among SRS, including P-SRS and A-SRS, in different CGs is left to UE implementation.
Proposal 6: The network signals to the UE the DC PC mode using 1-bit RRC signaling. The UE always follows the indication by the network.
Additionally, the following is observed. 

Observation 1: The UE prioritizes allocation to the MCG in case of the same UCI type transmission in the MCG and the SCG. 
Observation 2: For equal prioritization for allocation of remaining UE transmission power to SR and HARQ-ACK, the UE should not be mandated to transmit both respective channels if they both need to be power scaled.
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