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1
Introduction
PRACH handling in dual connectivity was discussed in RAN1 and some issues related to the power allocation scheme and priority rule for different PRACH in dual connectivity were raised. In this document we address the remaining questions related to the PRACH handling in dual connectivity. 
2
Power Control for PRACH in Dual Connectivity
At the RAN1 #78bis meeting, the following was agreed:

· Prioritization between PRACHs and other channel/signals needs to be specified
· 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.
2.1
Parallel PRACH handling in power limited case
In the case of parallel PRACH transmissions other than the PCell PRACH, the handling is left to UE implementation. Since the lower priority PRACHs are subject to power scaling/dropping, the current (Rel-11) intended power ramping up for PRACH is impacted. To mitigate the impact of power scaling/dropping on PRACH power ramp-up, it was discussed earlier that once the UE performs power scaling for PRACH, the PRACH would be dropped and not counted by the Preamble_transmission_Counter toward the maximum number of allowed PRACH attempts. However, the power scaling for PRACH can vary, and be large or small. Blindly dropping and omitting the Preamble_transmission_Counter update is not desirable. Even more importantly, power ramp-up based on the unscaled power level after an unsuccessful PRACH transmission that was power scaled, could lead to a significant increase in the PRACH transmission power in cases when power scaling is not needed (UE is not power limited anymore). 
The power ramp-up reference value and a decision on whether the PRACH transmission is dropped or transmitted with the scaled power should be based on the power scaling value and the configured ramp-up value. For example, if the scaled power available for consecutive PRACH transmission is smaller than the power ramp-up (i.e. lower than the previous unsuccessful PRACH transmission), the new PRACH transmission could be dropped. In other cases where the required scaling is not significant with respect to the intended ramp-up, the PRACH transmission should not be dropped. The power ramp-up should be done with respect to the power of the previous actual PRACH transmission that had highest transmission power among the unsuccessful PRACH attempts in an ongoing PRACH procedure. By basing the subsequent PRACH transmission power ramp-up on the previous maximum actual transmission power in case of power scaling/dropping we insure that the increment in the PRACH power is in accordance to the behavior intended by the original power ramp-up procedure. Otherwise large variations in the PRACH transmission power could happen, which may not be desirable for UL operation (e.g. interference caused).
Counting the PRACH toward the maximum number of allowed transmissions can also be based on the difference between the ramp-up value and the power scaling value. In a simple case, that could mean that if the PRACH transmission is dropped, the Preamble_transmission_Counter is not incremented, and is incremented otherwise (when PRACH scaled transmission takes place) regardless of the power scaling.
Figure 1and Figure 2 show examples of such operation. Figure 1 depicts the scenario where power ramp-up is 2dB and the scaling due to power limitation is 1dB. In this case, UE would transmit the power scaled second PRACH and the Preamble_transmission_Counter would be incremented. If that PRACH transmission is not successful, the next PRACH transmission (assumed not scaled here) would be done with the power ramp-up of 2dB with respect to the previous (scaled) PRACH transmission.
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Figure 1
Figure 2 is an example where the required power scaling is larger than the power ramp-up for a second PRACH transmission, so the resulting available power would be smaller than the previous unsuccessful PRACH transmission. In such case, the PRACH could be dropped as it does not seem reasonable to transmit at the power level lower than the PRACH which was already unsuccessful. The Preamble_transmission_Counter would not be incremented. The second actual PRACH transmission would be performed at the next PRACH opportunity with the power ramp-up of 2dB (assuming no power scaling is necessary) with respect to the previous unsuccessful PRACH transmission with highest power level (which is the first transmission in this example). Even if in the second PRACH opportunity the PRACH transmission was not dropped and UE decided to transmit the PRACH at the power level lower than the previous (first) attempt, and the attempt was not successful, in the third transmission opportunity the power ramp-up should be based on the highest previous transmission level, which would be the transmission power of the first attempt in this example. Applying the current (Rel-11) ramp-up formula to the third PRACH attempt would result in the power level of 4dB above the first attempt, which may not be necessary. Note that following the Rel-11 rules the unnecessary power spike in PRACH transmission may be much higher after several unsuccessful PRACH attempts that involved power scaling, as shown in Figure 3. As depicted in the example in Figure 3, the fourth attempt would be at an unnecessary high power level (P4th (a), which is 18dB higher than the previous transmission) if based on the power rump-up without taking into account the power scaling/dropping of the previous unsuccessful attempts, as opposed to the reasonable power level obtained by the proposed procedure where the power ramp-up is based on the highest transmission power of the previous unsuccessful attempts (P4th (b) , which is 6dB higher than the previous transmission).
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Figure 2

[image: image3.emf]+

 

6

d

B

+

 

6

d

B

-

9

d

B

P

1st

P

4th (a)

-

1

5

d

B

+

 

6

d

B

P

2nd

P

3rd

P

4th (b)

+

 

6

d

B


Figure 3
To prevent the PRACH transmissions with excessive power levels, as well as avoid PRACH transmissions with very low power levels due to power scaling, we propose the following:
Proposal 1:
The PRACH power ramp-up is performed with respect to the previous unsuccessful PRACH transmission of the highest power level or the initial target level, whichever is higher.
Proposal 2:
The Preamble_transmission_Counter is incremented only when the PRACH transmission takes place (PRACH not dropped).
3
Conclusions 
Based on the discussion presented in the paper, we propose the following PRACH power control solutions for dual connectivity:
Proposal 1:
The PRACH power ramp-up is performed with respect to the previous unsuccessful PRACH transmission of the highest power level or the initial target level, whichever is higher.

Proposal 2:
The Preamble_transmission_Counter is incremented only when the PRACH transmission takes place (PRACH not dropped).
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