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1 Introduction
It was agreed in RAN1#77 that [1]:
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
……
· PRACH to PCell has the highest priority; 
· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed

The power allocation schemes for PUCCH/PUSCH were discussed in the last meeting. In this contribution, the power allocation schemes for other channel types are discussed in case non look-ahead is assumed.
2 Discussion
The agreement in RAN1#77 shows that [1]:

· A minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured in both synchronous and asynchronous cases, at least for PUCCH/PUSCH. 

· If look-ahead is not assumed, P_SeNB and/or P_MeNB is reserved towards each eNB if there is potential uplink transmission.
As discussed in [3], look-ahead could ensure the transmit power of higher prioritized UCI/channel, but it may cause reduction of UE processing time. It is not determined whether UE is mandatory to use look-ahead at least for PUCCH/PUSCH [2].

If look-ahead is not assumed, when UE determines power allocation for an eNB, UE cannot know actual UL channel type transmission in the latter subframe from other eNB. Thus, higher prioritized UL channel may not be allocated enough power on the latter subframe, since the earlier subframe has higher priority to use the remaining power.  
It is noticed that the look-ahead and minimum guaranteed power allocation are at least for PUCCH/PUSCH. The power allocation for the other channel types needs further clarification. 
2.1.1 Power reservation for PRACH transmission

It was agreed in [1] that PRACH on PCell has the highest priority in all UL channels. Considering the importance of PRACH, PRACH on the sPCell should also have higher priority than other UL channel types. With non look-ahead, if PRACH is transmitted in the latter overlapped subframe, the PRACH transmission cannot be guaranteed since the power allocation does not rely on priority of UL channel types. In our view, even look-ahead is not assumed, the transmission power of PRACH still should be guaranteed as much as possible.
Observation 1: PRACH transmission cannot be guaranteed by the power reservation with current non look-ahead. 

In spec 36.213 section 6.1.1, it says that: 
“In case a random access procedure is initiated by a "PDCCH order" in subframe n, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe 
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, where a PRACH resource is available.” 
For the PRACH transmission in subframe n, if it is triggered by PDCCH order, the PDCCH order will be received before n-6 downlink subframe. 
As shown in figure 1, subframe j+1 is the latter overlapped subframe of subframe i. For PDCCH triggered PUSCH transmission, when UE determines the power allocation for subframe i, UE does not know the actual UL transmission in subframe j+1 since the PDCCH is transmitted on subframe j+1-4 and subframe j+1-4 is later than subframe i-4. 
However, if PDCCH triggered PRACH is transmitted in subframe j+1, UE can still know the PRACH transmission in subframe j+1 before subframe i-4, since the PDCCH triggering subframe j+1-6 for PRACH is earlier than subframe i-4. Even if look-ahead is not supported by UE, UE can still know PRACH is transmitted in the latter part of the overlap portion.
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Figure 1 Dual connectivity in non synchronous case
Observation 2: UE can know the PDCCH triggered PRACH in the latter part of the overlap portion, even in non-synchronizes case with large time difference between eNBs. 
According to the observation 2, if UE knows the PRACH is scheduled in subframe j+1 by PDCCH, UE should allocate satisfied transmission power for PRACH, instead of a minimum guaranteed power, e.g. P_SeNB/P_MeNB. Otherwise, the PRACH transmission may be deteriorated due to the power reservation restriction, despite PRACH has the highest priority. 
Proposal 1: If PRACH triggered by PDCCH order is transmitted in the other eNB in the latter overlapped subframe, UE shall reserve power towards that eNB according to the required power of PRACH when UE determines the transmission power in the eNB itself.
For the PRACH transmission which is not triggered by PDCCH order, if the PRACH transmission does not cause UE processing time reduction, UE can still reserve power towards the eNB according to the required power of PRACH. The power reservation scheme for PRACH not triggered by PDCCH order should be studied further.
2.1.2 Power reservation for no transmission or SRS only transmission

It was agreed that 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.
According to above agreements, UE can only know there is no transmission in the latter overlapped subframe through semi-static information (e.g., TDD UL/DL configuration). Otherwise, UE should use a minimum guaranteed power for the subframe. 
Then, if UE reserves a minimum guaranteed power for the latter overlapped subframe of an eNB but there is no transmission in this subframe, the allocated guaranteed power cannot be reused by the earlier transmission of the other eNB. In this case, the power allocation of UE is not reasonable.

Observation 3: If UE reserves a minimum guaranteed power for the latter overlapped subframe, but there is no transmission in this subframe, the reserved guaranteed power will be wasted. 
Figure 2 shows two overlapping cases for SRS only transmission in subframe j+1. Case A is that SRS only in subframe j+1, and SRS is not overlapped with any UL channel in subframe i. Case B is that SRS only in subframe j+1, only SRS in subframe j+1 is overlapped with subframe i. For both of the two cases, UE does not need to reserve power for subframe j+1.
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Figure 2 Two overlapping cases of SRS only transmission in subframe j+1
In Rel-11 CA, when the total transmission exceeds the power limitation, SRS can be dropped if it is overlapped with other channel due to multiple TAGs. Following the same principle as Rel-11 CA, it is considered that SRS has the lowest priority for power allocation in DC. When there is no transmission or only SRS transmission in the subframe of an eNB, it is reasonable that UE does not need to reserve power for the subframe on the eNB.
Observation 4: If there is only SRS transmission in the latter overlapped subframe, UE does not need to reserve power for the SRS transmission. 
Although look-ahead is not assumed, UE can still determine the power allocation according to the transmission case by implementation method. For example, as shown in figure 3, in DL subframe i-4, UE needs to determine the power allocation of subframe i. At this time, UE does not know the actual UL transmission in subframe j+1, since UE does not finish receiving PDCCH in DL subframe j+1-4. 
However, UE can assume two cases in UL subframe j+1 in advance:
· Case 1: There is no overlapped transmission or only SRS transmission in subframe j+1
· Does not reserve power for subframe j+1
· Case 2: There is channel transmission other than SRS, e.g. PUCCH/PUSCH
· Reserve P_SeNB and/or P_MeNB towards the eNB, and use non look-ahead scheme to allocate the remaining power

[image: image6.emf]TA1

subframe i-4

TA2

subframe j+1-4

subframe i

subframe j+1

SRS

Cell Group 1  Downlink

Cell 

Group

2 Downlink

Cell 

Group

2 Uplink

Cell Group 1  Downlink


Case 1.  Subframe i does not overlap with subframe j+1
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Case 2. Subframe i overlapped with PUCCH/PUSCH transmission with subframe j+1
Figure 3 Two assumed cases in subframe j+1
Based on above two assumed transmission cases, UE prepares two candidate power allocation solutions for UL channels in subframe i. Then, when UE knows the actual transmission in UL subframe j+1 after receiving the PDCCH in DL subframe j+1-4, UE can select the corresponding calculated power based on the actually scheduled UL channel in UL subframe j+1.By this implementation method, UE can determine the power allocation more reasonably without requiring processing time reduction.
Proposal 2: If look-ahead is not assumed, when there is no transmission or only SRS transmission in the latter overlapped subframe of the eNB, UE does not reserve the power for that eNB. 
3 Conclusions
In this contribution, the power allocation for other channel types is discussed in case that non look-ahead is assumed. 
The following are proposed:

Proposal 1: If PRACH triggered by PDCCH order is transmitted in the other eNB in the latter overlapped subframe, UE shall reserve power towards that eNB according to the required power of PRACH when UE determines the transmission power in the eNB itself.

Proposal 2: If look-ahead is not assumed, when there is no transmission or only SRS transmission in the latter overlapped subframe of the eNB, UE does not reserve the power for that eNB. 
The following are observed:

Observation 1: PRACH transmission cannot be guaranteed by the power reservation with current non look-ahead.

Observation 2: UE can know the PDCCH triggered PRACH in the latter part of the overlap portion, even in non-synchronizes case with large time difference between eNBs. 
Observation 3: If UE reserves a minimum guaranteed power for the latter overlapped subframe, but there is no transmission in this subframe, the reserved guaranteed power will be wasted. 

Observation 4: If there is only SRS transmission in the latter overlapped subframe, UE does not need to reserve power for the SRS transmission. 
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