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1 Introduction
During the RAN1 #78bis meeting and subsequent email discussions, further agreements on SRS power control for dual connectivity have been made. This contribution discusses the remaining power control aspects for dual connectivity. 
2. Discussion 
2.1  UCI handling in power-limited case

One open issue is whether UE is allowed to drop PUSCH and piggyback the multiplexed HARQ-ACK onto PUCCH. 
In our view, it is a UE implemenation choice and do not see the need to specify the UE behavior. The feature is already possible even in the Rel-11 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 in general is not a desirable choice. When using the latter option, UE can still deliver HARQ-ACK information on PUCCH to SeNB as it generally requires lower transmission power. eNB needs to perform detection assuming two hypotheses: HARQ-ACK on PUCCH (i.e., UL grant is missed) or HARQ-ACK piggybacked on PUSCH (i.e., UL grant is not missed), which is already handled since Rel-8. 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.
Based on the considerations above, we propose the following: 
Proposal 1: 
· Handling HARQ-ACK on PUSCH in the power limited case is left to UE implementation. 
2.2 SRS power control 

Another remaining topic regarding dual connectivity is how UE should set its transmission power in case it 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 Rel-10/11 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. 
For the synchronous case, power limitation in overlapping cases can be easily checked at 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 to the already agreed procedure. For Case 2 in Figure 1(a), i.e., SRS + SRS, 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 the 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 has already started to be transmitted before SRS transmission starts on SeNB, the UE can know the required transmission power in the overlapped region. Thus, a similar rule to Rel-11 MTA can be applied: SRS is dropped if a UE is in power limited case; otherwise, SRS is transmitted.
Proposal 2: 
· Parallel transmission of SRS and PUCCH/PUSCH/SRS across CGs is supported in Rel-12 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 the RAN1 #78bis meeting, the following working assumptions related to the PRACH prioritization across CGs for a power limited case were made [1]: 
	Agreement: 

· For a UE in a power-limited case, the following are assumed with regards to PRACH prioritization across CGs

· 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


In dual connectivity, MCG serving cells carry SRBs and are therefore essential for maintaining the connection to the UE. The preamble transmission in the PCell is considered to be more important than the preamble transmission in any other SCell. Hence, it is reasonable to generally prioritize PCell PRACH transmission for parallel PRACH transmission if a UE is power-limited. 
Proposal 3: Confirm the following 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, or for the case of retransmission of PRACH or UE-initiated PRACH, the following PRACH prioritization across CGs is assumed: PCell PRACH > other PRACHs > other channels. 
RAN1 has agreed to leave de-prioritized PRACH handling up to UE implementation, either by dropping or by power scaling. One remaining aspect for the dropping option is whether L1 needs to indicate dropping to MAC. We do not see a clear need to have this indication for L1 to interact with the MAC layer if the de-prioritzed PRACH transmission is dropped. The reason is that the parallel PRACH transmission across CGs should occur relatively rarely for a UE in the power limited case. In addition, since different backoff timers are utilized on each CG for random access procedure, even if the first RACH transmissions collide across CGs, the next ones will likely not collide. Our view is that increased standardization efforts and implementation complexity are not justified by the potential performance benefits. 

Therefore, we propose: 
Proposal 4: 
· L1 does not indicate the dropping to MAC if lower prioritized PRACH is dropped when UE is in the power limited case. 
3. Conclusions
Following the discussion in this contribution, the following proposals are summarized:
Proposal 1: 
· Handling HARQ-ACK on PUSCH in the power limited case is left to 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: Confirm the following 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, or for the case of retransmission of PRACH or UE-initiated PRACH, the following PRACH prioritization across CGs is assumed: PCell PRACH > other PRACHs > other channels. 
Proposal 4: 

· L1 does not indicate the dropping to MAC if lower prioritized PRACH is dropped when UE is in the power limited case. 
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