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1 Introduction
During the RAN1 #78 meeting and subsequent email discussions, further agreements on power control for dual connectivity have been made. This contribution intends to discuss the remaining physical layer aspects for dual connectivity, mainly focusing on power control aspects. 
2. Discussion 
2.1 UCI handling in power-limited case

The following priority rule for PUCCH/PUSCH across CGs is agreed regarding the utilization of the remaining power: HARQ-ACK = SR > CSI > PUSCH without UCI. MCG gets higher priority over SCG, if the same UCI type collides. The following issues are still FFS: 

1. Priority between periodic CSI and aperiodic CSI. 
2. Whether priority rule based on channel type is needed in case of same UCI type collision. 
3. Whether UE is allowed to drop PUSCH and piggyback the multiplexed HARQ-ACK onto PUCCH. 
Regarding the first FFS aspect, it is desirable to prioritize aperiodic CSI over periodic CSI across CGs as in the R10/11 CA case. Periodic CSI is reported for only one DL carrier in one subframe, while aperiodic CSI may be configured for a set of or for all activated cells for a UE with a single PUSCH transmission. In case periodic CSI collides with aperiodic CSI, prioritization of aperiodic CSI prevents possible frequent dropping of multi-CCs CSI feedback and avoid a reduction in DL throughput at the SeNB, which is particularly important for most TDD configurations, or in case of heavy DL data offloading to the SCG. Note that aperiodic CSI is transmitted on a per-need basis only and if the network triggers an aperiodic CSI report, it is most likely that it will transmit a large amount of data to the UE. Furthermore, it is obviously preferable for the UE to specify the same behavior of R10/11 CA and R12 DC in order to simplify the UE implementation.
Regarding the second FFS aspect, we do not see a need for introducing this additional rule (i.e., PUCCH gets higher priority over PUSCH if same UCI type collides). Our view is that the UCI physical layer channel container is immaterial to the relative importance of the UL information. When collision of same UCI types happens (e.g., HARQ-ACK on PUSCH to MeNB + HARQ-ACK on PUCCH to SeNB), MeNB should be always prioritized over SeNB because it maintains the RRC connection and used to serve delay sensitive traffic, and hence is relatively more important. This approach is the simplest one and should be sufficient especially under the assumption that the power limited case is expected to be a rare and temporary event. 
Regarding the third FFS aspect, it is a UE implemenation choice we do not see the need to specify the behavior. The feature is already possible even in R11 MTA scenario (e.g., simultaneous PRACH and HARQ-ACK transmission in PUSCH from a power limited UE). In the power limited case, two options exist to handle HARQ-ACK transmission: Either scale the PUSCH power, or fallback to PUCCH for HARQ-ACK transmission and drop PUSCH. The problem with power scaling of PUSCH with HARQ-ACK is that the HARQ information is not protected by CRC and, therefore, a large power decrease in the power limited case might lead to a siginificant HARQ buffer corruption, which is in general not a desirable choice. When using Option 2, UE can still deliver HARQ-ACK information on PUCCH to SeNB as it requires less transmission power. eNB needs to perform detection assuming two hypotheses: HARQ-ACK on PUCCH (i.e., UL grant is missed) or HARQ-ACK piggyback on PUSCH (i.e., UL grant is not missed), which is already handled since R8. Therefore, we believe it is sufficient to let the selection of one of the two options be UE implementation specific according to the remaining power, if needed.
Based on the considerations above, we propose the following: 
Proposal 1: 
· The priority order for aperiodic CSI and periodic CSI across CGs is defined as: Aperiodic CSI > periodic CSI. 

· No need to priority rule based on channel type for the case of same UCI type collision. 
· Handling HARQ-ACK on PUSCH in power limited case is left to be UE implementation, if needed. 
2.2 SRS power control 

A remaining topic regarding dual connectivity is how UE should set its transmission power in case UE transmits SRS together with, for example, PUSCH, PUCCH or PRACH to another eNB. When UE is not power limited, it is natural to expect that simultaneous SRS to one eNB and PUCCH/PUSCH transmission to another eNB should be allowed. 
When UE is power limited, within each eNB the same PUSCH/PUCCH/SRS/PRACH vs. SRS handling specified in R10/11 can be reused to avoid unnecessary additional specification and UE behavior. Parallel SRS and other UL channel transmissions across CGs need to be further discussed for the power limited case.  
SRS + PUSCH/PUCCH/PRACH/SRS, inter-eNB case
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Figure 1: Ilustration of SRS collision with PUCCH/PUSCH under dual connectivity
Figure 1 illustrates different overlapping scenarios for parallel SRS and PUSCH/PUCCH/SRS transmissions for the synchronous and asynchronous cases. 
In general, SRS should have the lowest priority as in R10/11. 
For the synchronous case, power limitation in overlapping cases can be easily checked by the UE by using the look-ahead operation in Case 1 and Case 2 as shown in Figure 1(a) both for P-SRS and A-SRS transmission. If the UE is supposed to transmit SRS together with PUCCH/ PUSCH/PRACH (e.g., Case 1 in Figure 1(a)) and if the UE is power limited, the UE shall first drop SRS transmission and, as a second action, shall start scaling down the transmission power among the remaining channels according the already agreed procedure. For Case 2 in Figure 1(a) (i.e., SRS + SRS), the equal power scaling on the multiple SRS transmissions should be reused as defined in Rel-10/11. 
For the asynchronous case, see Figure 1(b), a UE needs to check if it is in power limited case between PUSCH/PUCCH of MeNB on subframe m+1 and SRS of SeNB on subframe i. Since PUSCH/PUCCH of MeNB on subframe m+1 already starts to be transmitted before SRS transmission on SeNB, the UE can know the required transmission power in overlapped region. Thus, the similar rule to Rel-11 MTA can be applied – SRS is dropped if a UE is in power limited case; SRS is transmitted otherwise.
Proposal 2: 
· Parallel transmission of SRS and PUCCH/PUSCH/SRS across CGs is supported in R12 when there is no power limitation. 
· For both synchronous and asynchornous operation, in case of parallel transmission of SRS and PUCCH/ PUSCH/PRACH across two CGs, SRS is dropped when there is power limitation; otherwise, SRS is transmitted. 
· For both synchronous and asynchronous operation, in case of parallel multiple SRS transmissions, SRS is transmitted with equal power scaling when there is power limitation. 
2.3 PRACH transmission and power control
In earlier releases, UE does not support parallel RACH procedures. With DC operation in R12, two separate MAC entities are supported and it is possible that a PRACH transmission in one CG collides with PRACH/ PUSCH/PUCCH/SRS transmission in another CG. How to handle parallel transmission of PRACH and PRACH/ PUSCH/PUCCH/SRS needs to be further discussed. 

It is natural that R11 rules should be applied within each CG for PRACH transmission. For parallel transmission across two CGs, in RAN1#77 it was generally agreed that PRACH is given higher prioritization over other types of UL channels (PUSCH/PUCCH/SRS) to other eNB when power is limited. We do not see a strong need to further standardize the prioritization order among parallel PRACH transmissions, regardless of synchronous or asynchronous case. Instead, it can be left to UE implementation, as in R11 MTA, because UE has a best knowledge of the conditions of the triggered RACH procedures and can make a proper decision. 
Proposal 3: 
· Priority handling of parallel PRACH transmissions is left to UE implemenation. 
One additional aspect of parallel PRACH transmissions in power limitation is how to handle the lower priority PRACH. Two opitons exist, either dropping or power scaling. Using the latter option, eNB may fail to detect the power scaling PRACH, which is still counted as a PRACH transmission opportunity at the MAC layer. As UE stops PRACH transmission when reaching PREAMBLE_TRANS_MAX and declares RLF detection accordingly [1], this option may lead to a higher probability of RLF declaration. Although the same issue exists for the former option, allowing the UE to send only one PRACH is simpler and beneficial since it can possibly allocate the remaining power to other parallel PUSCH/PUCCH/SRS transmissions. Given the lower complexity and the consistent UE behavior with MTA case, we prefer to drop the de-prioritized PRACH selected by UE in case of multiple PRACH transmissions when power is limited. 
Proposal 4: 
· For the parellel PRACH transmission case, UE drops the PRACH with lower priority selected by UE when power is limited. 
2.4 Clarification of synchronous and asynchronous operations  
Two different power control modes for the remaining power allocation were agreed as follows: 
· Mode 1: If look-ahead is supported or in synchronous case, priority is determined based on UCI type  across CG for channels not satisfied by P_SeNB or P_MeNB. 
· Mode 2: If look-ahead is not assumed, earlier transmission is higher priority for the remaining power allocation. 

In the last meeting, one open issue of power prioritization was raised regarding whether there is a need to ensure eNB and UE have the same understanding of power control mode being used. In our view, this is desirable considering the eNB scheduling strategy and power control parameter setting (e.g., PMeNB and PSeNB) depend on the assumed DC power control mode. As posted in the related email discussion, for instance if DC power control mode 1 is assumed by eNB but actually mode 2 is being used by UE, then the UL scheduling would be impacted and become less efficient as eNB overestimates the UE capability.  
Proposal 5: 
· A single DC power control mode is explicitly configured by the eNB through higher layer signaling. 
· A default mode, when the DC power control mode is not configured, is the mode 2. 
3. Conclusions
Following the discussion in this contribution, the following proposals are summarized:
Proposal 1: 
· The priority order for aperiodic CSI and periodic CSI across CGs is defined as: Aperiodic CSI > periodic CSI. 

· No need to priority rule based on channel type for the case of same UCI type collision. 

· Handling HARQ-ACK on PUSCH in power limited case is left to be UE implementation. 

Proposal 2: 

· Parallel transmission of SRS and PUCCH/PUSCH/SRS across CGs is supported in R12 when there is no power limitation. 
· For both synchronous and asynchornous operation, in case of parallel transmission of SRS and PUCCH/ PUSCH/PRACH across two CGs, SRS is dropped when there is power limitation; otherwise, SRS is transmitted. 

· For both synchronous and asynchronous operation, in case of parallel multiple SRS transmissions, SRS is transmitted with equal power scaling when there is power limitation. 
Proposal 3: 
· Priority handling of parallel PRACH transmissions is left to UE implemenation. 
Proposal 4: 
· For the parellel PRACH transmission case, UE drops the PRACH with lower priority selected by UE when power is limited. 
Proposal 5: 
· A single DC power control mode is explicitly configured by the eNB through higher layer signaling. 
· A default mode, when the DC power control mode is not configured, is the mode 2. 
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