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1 Introduction

In RAN1 meeting #77, progress has been made on dual connectivity [1]. This contribution gives our views and schemes on remaining issues on dual connectivity. 
2 Power control for Dual Connectivity
2.1 Power-sharing between two CGs
Dynamic power sharing between two CGs is allowed for efficient power utilization. It is based on defining PMeNB and PSeNB as guaranteed transmit power for MCG and SCG. If the transmit power in overlap between CGs does not exceed Pcmax, UE shall actually transmit the signal for MCG or SCG with the required transmit power without any scaling. If not, UE may perform power-scaling according to priority. The quantification of PxeNBs is agreed as working assumption:
· Working assumption: PMeNB and PSeNB are defined as ratios of PCMAX.
· Note: PCMAX above is linear domain value.

· Following is FFS in RAN1#78:
· Range and resolution of PMeNB and PSeNB.
As the PCMAX varies for different modulations/bandwidths/channels, semi-static configuration of PxeNB cannot follow the real Pcmax. If they are defined as absolute values, PMeNB+PSeNB may exceed PCMAX in some subframes. Thus, the corresponding behaviour has to be defined. The working assumption avoids the problem, but makes the PxeNB changing dynamically. Table 1 shows comparison of 2 options.
Table 1 Comparison for different configurations of PMeNB and PSeNB
	
	Pros
	Cons

	Absolute values
	· Not affected by PCMAX variation when PMeNB+PSeNB<=PCMAX
	· Need to define UE behavior when PMeNB+PSeNB>PCMAX

	Ratios of PCMAX
	· No need to define PMeNB+PSeNB>100%
	· Affected by PCMAX at any time
· Need to caluculate PxeNB every subframe 


Another possible extension is to integrate the both options. When PMeNB+PSeNB can be guaranteed to be less than PCMAX , they are indicated as absolute values. If PMeNB+PSeNB could exceed PCMAX, they are defined as ratios of PCMAX. The combined solution can achieve benefits of either option, with some additional cost of signalling.
With above considerations, simpler ratio scheme is preferred. The actually PMeNB and PSeNB can range from 0%~100%. The resolution can be 1%. The required number of signaling bits is 2*log2(100)=14bits.
Look ahead is ability that UE check the assignments related to the latter part overlapped by latter subframe.  UE can by itself choose between look-ahead and no look-ahead. If this capability is allowed, an indication should notify to network if look-head are supported.
Proposal 1：Defining PMeNB and PSeNB as a percentage value to the Pcmax is preferred for simpler specification and feasible implementation, and the range is 0%~100% with 1% step.
Proposal 2：UE can choose between look-ahead and no look-ahead as a capability.
2.2 Prioritization of UL Information
Regarding the remaining power, priority is determined based on UCI type across CG for channels. A straightforward prioritization rule is to always prioritize transmissions to the MeNB over the SeNB regardless of the information types. However, if SeNB carries more important or larger payload than MeNB, it will lead to throughput loss.
The better approach is to consider the information types. In most cases, CA rules can be applied. For example, priority rule as PRACH>HARQ>SR>A-CSI>P-CSI>A-SRS>P-SRS can be reused. However, it might not be proper to reuse PUCCH>PUSCH with UCI>PUSCH without UCI. When the PUSCH for MCG carrying PCell’s UCI and PUCCH is transmitted to SCG, the UCI to MCG should be ensured. 

HARQ+HARQ

When the MCG’ HARQ and SCG's HARQ is overlapping in time domain and the total power greater than the UE specific maximum power, we can define the HARQs and priority rules as follows:

Type1：MCG HARQ including the PCell HARQ bits

Type2：SCG HARQ including the pSCell HARQ bits

Type3：MCG HARQ not including the PCell HARQ bits 

Type4：SCG HARQ not including the pSCell HARQ bits

PCell is responsible transmit the RRC message. Thus, Type1 HARQ should have the highest priority. Because Type2 HARQ may need to send information including activation and deactivation, Type2 HARQ priority may be higher than the priority of Type3 and Type4. Alternatively, we can choose Type 2, Type 3 or Type 4 according to the number of associated transmission blocks. For example, Type 4 HARQ can associate much more TBs, if with the TDD configuration 5 and scheduled two codewords in all consecutive five subframes. 
Following listed the cases for prioritization between types of parallel HARQ transmission:
Case 1：Type 1 HARQ >Type 2 HARQ parallel transmission
Case 2：Type 1 HARQ > Type 4 HARQ parallel transmission
Case 3：Type 3HARQ and Type 2 HARQ parallel transmission
Alt1：Type 2 HARQ has the higher priority than type 3.
Alt2：UE prioritize based on the number of transmission block. If same number of transport blocks represented, it prioritizes based on cell index or CG type.

Case 4：Type 3HARQ and Type 4 HARQ parallel transmission
UE prioritize based on the number of transmission block. If the same numbers of transport blocks represented, it prioritizes based on cell index or CG type. Moreover the MCG with the higher priority is preferred.
Proposal 3：HARQ including PCell HARQ bits has a higher priority than other HARQ. HARQ including pSCell HARQ bits has a higher priority than other HARQ without PCell HARQ bits.

Proposal 4：The method prioritizing the HARQ according to the number of associated transmission block is also preferred in case with no Pcell HARQ bit.

HARQ with CSI/SR+HARQ with CSI/SR

If multiplexed with same type of CSI/SR, priority of HARQ can be used as defined above. For HARQ with CSI/SR + HARQ with CSI/SR parallel transmission, other cases can be divided into the following:
Case 1: HARQ+HARQ with SR

HARQ with SR has the higher priority.

Case 2: HARQ+HARQ with CSI

HARQ with CSI has the higher priority.

Case 3: HARQ+HARQ with SR and CSI

HARQ with SR and CSI has the higher priority.

Case 4: HARQ with SR+HARQ with SR 

It prioritizes based on minimum cell index in the cells relative to HARQ.

Case 5: HARQ with SR+ HARQ with SR and CSI

HARQ with SR and CSI has the higher priority.

Case 6: HARQ with SR+ HARQ with CSI

HARQ with SR has the higher priority.

Case 7: HARQ with CSI+ HARQ with CSI

UE prioritize based on CSI type as R11 CA do. Then, it prioritizes based on minimum cell index in the cells relative to HARQ.

Case 8: HARQ with CSI+ HARQ with CSI and SR

HARQ with CSI and SR has the higher priority.

In case that the CC index of MCG and SCG is separately defined and cell index of two UCIs are the same, then the UCI of MCG has the higher priority.
Proposal5： If multiplexed with same type of CSI/SR, priority of HARQ can be used as defined in HARQ only case. Otherwise, it is follow the cases listed in above.
3. PHR transmission for Dual Connectivity
The progress so far left three issues on PHR：
1. Whether PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

2. Whether the real PCMAX,c should be used to compute a virtual PH.
3. For asynchronous case, whether PHR is calculated using the first overlapped portion.
The PRB assignment and MCS level is still unknown for the activated cells belonging to the other CG/eNB. UE may need to wait the other CG in a reporting instance to include the PCMAX. After eNB received the PCMAX, it still doesn’t know the exact meaning, since it does not have knowledge of current scheduling of the other CG/eNB. The 
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 computation assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB, which make it a normalized value. Thus, it should be used for PHR calculation. PCMAX is not necessary to be introduced, at least for dual connectivity case.
PHR report is anyway a delayed report, and this latency increase significantly for dual connectivity. For last issue, choosing 1st or 2nd overlapped subframe does not make difference on the performance. Then, it should left UE to chose based on it processing timing. UE can be required to report subframe no later than 2nd overlapped subframe. Actual PHR or virtual PHR is determined by UE according to its capability whether supports look ahead. Then, UE are given more flexibility for treating the report.
Proposal6： PCMAX is not required to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

4. Proposal7：Which overlap used to calculate PHR or which type of PHR (actual PHR or virtual PHR) is determined by UE according to its capability that whether supports look-ahead.
5. CSS detection
Paging in RRC_IDLE mode is mainly used for the network to wake a UE up if there is a need from the network side to communicate with the UE. Hence, dual connectivity is used only in RRC_CONNECTED mode and UE doesn’t have to monitor paging in CSS of pSCell. 
Considering DCI format 3/3A can adjust the power of PUCCH without DCI TPC, such as period CSI feedback. It can also control the power of PUSCH non-adaptive retransmission. Though SPS is not supported in pSCell, UE have to detect DCI format 3/3A in CSS of pSCell. 
UE should detect RAR in common search space of pSCell, since the MeNB cannot coordination the RAR procedure for SeNB. 

In eIMTA cells, a new DCI format was agreed to support dynamic reconfiguration for eIMTA, scrambled by eIMTA-RNTI.  
UE only detects DCI with total two kinds of size in CSS as DCI Format 1A and DCI Format 1C. If the UE detects DCI Format 1A and DCI Format 1C in pSCell in common search space, it requires additional 12 blind detections compared to CA. Keeping the additional blind detection number lower as possible. This is undesirable for UE. One solution is to allow UE to not receive eIMTA signalling in pSCell. Then, it only requires additional 6 blind detections.
Proposal 8: Whether UE can support the full or reduced blind detection capability for DC should be decided.
6. Conclusion
This contribution gives our views on remaining issues for supporting dual connectivity: 
Proposal 1：Defining PMeNB and PSeNB as a percentage value to the Pcmax is preferred for simpler specification and feasible implementation, and the range is 0%~100% with 1% step.

Proposal 2：UE can choose between look-ahead and no look-ahead as a capability.
Proposal 3：HARQ including PCell HARQ bits has a higher priority than other HARQ. HARQ including pSCell HARQ bits has a higher priority than other HARQ without PCell HARQ bits.

Proposal 4：The method prioritizing the HARQ according to the number of associated transmission block is also preferred in case with no PCell HARQ bit.
Proposal5： If multiplexed with same type of CSI/SR, priority of HARQ can be used as defined in HARQ only case. Otherwise, it is follow the cases listed in above.
Proposal6： PCMAX is not required to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

Proposal7：Which overlap used to calculate PHR or which type of PHR (actual PHR or virtual PHR) is determined by UE according to its capability that whether supports look-ahead.
Proposal 8: Whether UE can support the full or reduced blind detection capability for DC should be decided.
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