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1 Introduction
During RAN1#77, the following agreements were made regarding power allocation for a UE configured with Dual Connectivity (DC):
	Agreements
· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH

· Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured

· P_SeNB >=0, P_MeNB >=0

· FFS: P_SeNB+P_MeNB <= PCmax

· FFS: P_SeNB+P_MeNB <= 100%

· The total power allocation per CG Palloc_xeNB can be determined by 

· (1) Power allocation up to P_SeNB and P_MeNB (i.e. Ppre_SeNB and Ppre_MeNB) 

· At first, UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled

· Ppre_xeNB = min {power based on actual grant/assignment and TPC commands, P_xeNB}

· (2) Plus allocation of remaining power

Agreements
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case

· All the remaining power can be used

· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB

· FFS on details

· Giving all the remaining power to a CG is not precluded

· If look-ahead is not assumed: 

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission

· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG

· For the remaining power, earlier transmission is higher priority

· FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior

· Confirm WA with clarification: 

· Power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted)

· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types

· PRACH to PCell has the highest priority; 

· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed


Following RAN1#77, several email discussions took place to progress on some remaining issues. Discussion [77-11] focused on the allocation rules for the portion of the total power that is not guaranteed for either the MCG or the SCG, i.e. the “remaining power” [1]. This discussion resulted in the following additional agreements:
	Working assumption:
· The remaining power can be allocated to both eNBs according to priority rule.

Agreements:

· A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.

· Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 
· RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.
Conclusions:

· Continue discussion on priority rule details in RAN1#78
· Continue discussion on the remaining issues in RAN1#78


This contribution addresses the remaining issues related to prioritization, including prioritization of PUCCH/PUSCH for the remaining power as well as prioritization of PRACH and SRS.
2 Allocation of remaining power
On power allocation for the “remaining power”, the agreement made at RAN1#77 states the following:
· If look-ahead is supported or in synchronous case

· All the remaining power can be used

· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB

· FFS on details

· Giving all the remaining power to a CG is not precluded

· If look-ahead is not assumed: 

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission

· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG

· For the remaining power, earlier transmission is higher priority

One could consider that the remaining power consists of the portion of the total power that is “guaranteed” to transmissions that are more important due to the UCI they carry. The agreement thus allows the network to set a proper balance between the following requirements:
a) L3/Connectivity robustness by setting PMeNB > 0;
b) Fairness between MeNB and SeNB - by setting PSeNB > 0;
c) UCI robustness - by setting 1 – (PMeNB + PMeNB) > 0;
Issues related to the configurability of the parameters (PMeNB, PSeNB) are discussed in our companion contribution [2]. 
These principles can be helpful in addressing the open issues regarding the allocation of remaining power. One such issue is whether it should be possible that the remaining power be allocated to transmissions of both cell groups, or if it should be restricted to a single cell group. Clearly, if the allocation were restricted to a single cell group the principle of prioritizing according to UCI in the remaining power would be violated when UCI is being transmitted in both cell groups, which is a frequent case. Another problem is that it would result in unnecessary scaling of non-prioritized transmissions even when the maximum total power of the UE is not exceeded. This problem would practically prevent the possibility for the network of configuring low (or zero) values of guaranteed power.

Proposal 1: Confirm the working assumption that the remaining power can be allocated to both eNB’s according to a priority rule.
The principle of prioritizing based on UCI also means that allocation of remaining power should naturally be performed on a per-transmission basis, as opposed to a per-cell group basis, since within a cell group different transmissions do not generally all carry UCI. Allocation on a per-cell group basis would sometimes result in situations where a transmission containing UCI is unduly de-prioritized without yielding gain in simplicity.
Proposal 2: Allocation of remaining power is performed on a per-transmission basis.
The last open issue is the exact criteria used for the determination of the relative priority (ranking) of different transmissions. For this two different approaches have been proposed:
1) Based on type of physical channel (PUCCH > PUSCH with UCI > PUSCH without UCI)
2) Based on the type of UCI (e.g. SR > HARQ A/N > CSI)

The first approach (1) appears to be aligned with prioritization rules used for power scaling in R11. In reality, following this approach would result in a departure from R8 behaviour since it would mean that CSI is prioritized over HARQ A/N when the former is carried over PUCCH and the latter over PUSCH. To avoid this mis-prioritization (which could not occur in R11 due to the rules for UCI transmission in CA), it is preferable to adopt a prioritization approach directly based on type of UCI, i.e. approach (2). This approach anyway has the same low level of complexity as approach (1). In case two transmissions carry the same information type, a simple tie-breaking rule based on cell group (MCG first) is sufficient.
Proposal 3: Ranking of transmissions is directly based on UCI information type (SR, HARQ A/N or CSI) and not on physical channel.
Proposal 4: For transmissions carrying the same UCI information type, the MCG transmission has higher ranking.
3 Prioritization of SRS

In R10/R11, SRS is the transmission with the lowest priority. When SRS overlaps with PUSCH or PUCCH and Pcmax would be exceeded (multiple TAG’s only), SRS is dropped. With dual connectivity, the same principles should be maintained a SRS transmission that overlaps with PUSCH or PUCCH of another CG such that SRS should be dropped also in this case.

Proposal 5: The UE apply the R10/R11 rules for a SRS transmission that overlaps with PUCCH/PUSCH (of any CG) when Pcmax would be exceeded.

In R10/R11, when Pcmax would be exceeded during an SC-FDMA symbol with SRS transmissions only, the powers of SRS transmissions are scaled down by an equal factor. Scaling of SRS is acceptable when the scheduler can determine that the overlap between SRS transmissions has occurred, which is always the case with single connectivity. These principles should be maintained for dual connectivity for cases where the overlap is between transmissions of a same CG only.
Proposal 6: The UE apply the R10/R11 rules for a SRS transmission that overlaps with PUCCH/PUSCH of the same CG only when Pcmax would be exceeded.

With dual connectivity, schedulers operate independently and cannot determine when SRS transmissions of different CGs overlap with each other. In this case, the UE should not apply equal scaling of the concerned SRS transmissions when PCMAX would be exceeded. Instead, for one of the CG’s, any SRS transmission that overlap with a SRS transmission of the other CG should be dropped if PCMAX would be exceeded. 
Proposal 7: For one of the CG’s, the UE drops a SRS transmission that overlaps with a SRS transmission in the other CG if PCMAX would be exceeded.

With dual connectivity, in addition to the possible overlap of the SRS with PUSCH, PUCCH and other SRS transmissions across CGs, SRS may also overlap with PRACH of a different CG. Higher priority should be given to the PRACH transmission. In this case, the UE should then also drop any SRS that overlaps with a PRACH transmission if PCMAX would be exceeded.
Proposal 8: The UE drops a SRS transmission that overlaps with a PRACH transmission in another CG if PCMAX would be exceeded.

4 Prioritization of PRACH

In R11, PRACH transmissions have priority over PUCCH/PUSCH transmissions. In case there is overlap between PRACH and PUCCH/PUSCH (in a different TAG), the transmission power of the latter is adjusted so that the total does not exceed PCMAX. The same principle could be applied to the case of Dual Connectivity, where the priority applies regardless of which cell group PRACH and PUCCH/PUSCH belong to. Any re-adjustment of PUCCH/PUSCH transmission power due to overlap with PRACH, if required, could follow the power allocation procedure for PUCCH/PUSCH.
Proposal 9: In case PRACH (of any cell group) overlaps with PUCCH/PUSCH (of any cell group) and Pcmax would be exceeded, PUCCH/PUSCH transmission powers are adjusted so that the total transmission power does not exceed PCMAX .
Another possible scenario is one where multiple PRACH transmissions overlap with each other and Pcmax would be exceeded. A priority order for this type of situation should be specified considering that the consequences of failure for different types of RACH procedures are not equal. One could consider that when PRACH is transmitted from an Scell (of MCG or SCG), this transmission is performed as part of a RACH procedure (e.g. to regain time alignment) that is less critical than a RACH procedure initiated from a Pcell or pScell which could result in radio link failure. A transmission from MCG should also have higher priority than a transmission from SCG in this case. A de-prioritized PRACH transmission could be dropped.
Proposal 10: In case PRACH of MCG overlaps with PRACH of SCG and Pcmax would be exceeded, one prioritized PRACH is transmitted, where priority is according to the following order:
· PRACH (Pcell of MCG) > PRACH (pScell of SCG) > PRACH (Scell of MCG) > PRACH (Scell of SCG)
5 Conclusion

This contribution discussed the remaining prioritization issues regarding power allocation in Dual Connectivity. It is proposed to agree on the following:

Proposal 1: Confirm the working assumption that the remaining power can be allocated to both eNB’s according to a priority rule.

Proposal 2: Allocation of remaining power is performed on a per-transmission basis.

Proposal 3: Ranking of transmissions is directly based on UCI information type (SR, HARQ A/N or CSI) and not on physical channel.

Proposal 4: For transmissions carrying the same UCI information type, the MCG transmission has higher ranking.

Proposal 5: The UE apply the R10/R11 rules for a SRS transmission that overlaps with PUCCH/PUSCH (of any CG) when Pcmax would be exceeded.

Proposal 6: The UE apply the R10/R11 rules for a SRS transmission that overlaps with PUCCH/PUSCH of the same CG only when Pcmax would be exceeded.

Proposal 7: For one of the CG’s, the UE drops a SRS transmission that overlaps with a SRS transmission in the other CG if PCMAX would be exceeded.
Proposal 8: The UE drops a SRS transmission that overlaps with a PRACH transmission in another CG if PCMAX would be exceeded.

Proposal 9: In case PRACH(of any cell group) overlaps with PUCCH/PUSCH (of any cell group) and Pcmax would be exceeded, PUCCH/PUSCH transmission powers are adjusted so that the total transmission power does not exceed PCMAX .
Proposal 10: In case PRACH of MCG overlaps with PRACH of SCG and Pcmax would be exceeded, one prioritized PRACH is transmitted, where priority is according to the following order:
· PRACH (Pcell of MCG) > PRACH (pScell of SCG) > PRACH (Scell of MCG) > PRACH (Scell of SCG)
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