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1. Introduction
At the RAN1#77 meeting, the following agreement on the PRACH power control was reached [1].

	Agreement
· PCell PRACH has the highest priority.


In this contribution, we describe our views regarding the PRACH power-control for dual connectivity operation. We consider that the following issues need to be resolved.
· Issue1: Whether or not the maximum transmit power of the PRACH in one CG is impacted by the guaranteed power configured for another CG.
· Issue2: Whether or not look-ahead is applied to PRACH transmission similar to the case of PUCCH/PUSCH, if look-ahead is supported for PUCCH/PUSCH in asynchronous dual connectivity.
· Issue3: How to define the order of priority across CGs including the PRACH.
2. PRACH power-control
2.1. PRACH on PCell
At the RAN2#85bis meeting, a working assumption was agreed in which the preamble transmission in the PCell is considered to be more important than the preamble transmission in any other cell [2]. Since the PCell PRACH transmission is essential to maintain a connection between the network and the UE, it is quite reasonable to consider that the PCell PRACH transmission has the highest priority. 

Therefore, the PCell PRACH transmission power shall not be limited by any SCG condition. More precisely, even if PSeNB is configured for the SCG or even if there is any UL transmission in the SCG, the maximum transmit power of the PCell PRACH shall be PCMAX,c. This means that for asynchronous case if look-ahead is not available, the power change of on-going SCG UL transmission(s) is allowed if PCell PRACH occurs and the UE is power-limited as in Fig. l.
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Fig. 1.  PCell PRACH transmission in asynchronous case where look-ahead is not available.

Proposal 1:

· The maximum transmit power of the PCell PRACH shall be PCMAX,c , i.e., shall not be impacted by any SCG condition.

Even while the PCell PRACH occupies its transmission power with the highest priority, there may be remaining power available for SCG. So, the next question is whether or not such remaining power needs to be allocated to the SCG UL transmission(s) needs. 
For a synchronous case (the left side of Fig.1), or for an asynchronous case where the PCell PRACH has earlier timing than SCG UL transmission(s) (the right side of Fig.1), i.e., the PCell PRACH is on-going, the remaining power can be allocated to the SCG UL transmission(s), since the transmit power of the PCell PRACH can be determined simultaneously or in advance. This UE behavior is applicable to the overlapped subframe in the synchronous case and the latter overlapped portion of the subframe in the asynchronous case.
[image: image2.emf]UL signal(s)

PCell PRACH

MCG

SCG

P

C

M

A

X

Remaining power

UL signal(s)

PCell PRACH

MCG

SCG

P

C

M

A

X

Remaining power

Sync. case Async. case


Fig.1  PRACH has earlier timing than SCG UL transmission(s).
On the other hand, when the SCG UL transmission(s) is earlier than the PCell PRACH in an asynchronous case, different UE behavior may need to be considered if the remaining power is available for the transmission in SCG. If the remaining power is allocated to the SCG transmission(s) with a constant power, look-ahead operation for PRACH will be required for which the necessity is under discussion [3].
However, requirements/conditions of look-ahead operation with the PRACH transmission could be different from the case of only PUCCH/PUSCH overlapping. For example, trigger of PUCCH/PUSCH transmission and PRACH transmission are different. For PUCCH/PUSCH, the required transmit power is computed after receiving the corresponding DL assignment/UL grant (at least 4ms before). For contention-based RACH, the PCell PRACH is triggered by the MAC, while for a contention-free RACH, the PRACH is triggered by a PDCCH detected at least 6ms before the PRACH transmission. In addition, for the PRACH, long preamble formats exist, i.e., PRACH formats 2 and 3. Furthermore, a UE sets the value of NTA for PUCCH/PUSCH according to the TA command, while for PRACH, NTA=0 (see Fig.2). Considering these aspects, the required conditions for supporting the look-ahead for the PRACH may be different from those for the PUCCH/PUSCH. All these differences need to be taken into account for the look-ahead operation if it is supported.
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Fig.2  UL transmission timing difference with and without PRACH transmission in asynchronous case.
As discussed above, if we define look-ahead not only for PUCCH/PUSCH but also for PRACH, additional requirements/conditions may be necessary other than those to be concluded in [3]. However, assuming PCell PRACH is not so frequently transmitted, the merit of such optimization may be small. Therefore, the benefit of supporting look-ahead operation for concurrent transmission of PCell PRACH and the SCG UL may not be clear, while the specification effort is not marginal.
In summary, we believe that if a UE transmits the PCell PRACH, the PCell PRACH transmit power should be guaranteed, while on-going SCG UL transmission(s) do not need to be ensured in a power-limited case. During PCell PRACH transmission, the remaining power can be allocated to SCG UL transmission(s) if it is available. A potential description in the RAN1 specification could be as following.
If the UE is configured with more than one cell-group, the UE shall, when requested by higher layers, to transmit PRACH in the primary cell in parallel with any uplink transmission(s) in different serving cell(s) belonging to a different cell-group, adjust the transmission power of the uplink transmission(s) other than the PRACH in the primary cell so that its total transmission power does not exceed PCMAX on the overlapped portion.

Proposal 2:

· If a UE is power-limited due to PCell PRACH transmission, on-going SCG UL transmission(s) do not need to be ensured.

· It is up to the UE how to ensure the PCell PRACH transmission power, e.g., adjust the power of the SCG UL transmission(s) on the overlapped portion, or adjust the transmission power of the whole subframe of the SCG UL transmission(s).

· During PCell PRACH transmission, the remaining power can be allocated to SCG UL transmission(s).
2.2. PRACH on PSCell or SCell
As described in the section 2.1, we consider that the priority between PCell PRACH and another PRACH in the SCG serving cell should be PCell PRACH > PSCell PRACH, and PCell PRACH > SCell PRACH in SCG. Other cases of PRACH collision are (1) SCell PRACH in MCG and PSCell PRACH, and (2) SCell PRACH in MCG and SCell PRACH in SCG. It is natural that SCell PRACH in MCG > SCell PRACH in SCG. The question is whether PSCell PRACH should be prioritized over SCell PRACH. MCG SCell may be used to transmit/receive SRB, while PSCell PRACH may be used as a scheduling request toward SeNB. Further discussion is necessary between the following two alternatives on the priority order.

· Alt.1: PCell PRACH > PSCell PRACH > SCell PRACH in MCG > SCell PRACH in SCG

· Alt.2: PCell PRACH > SCell PRACH in MCG > PSCell PRACH > SCell PRACH in SCG
In case of concurrent transmission of multiple PRACHs, if the UE is power-limited, UE should perform dropping the PRACH having lower priority. This is because the power-scaling of PRACH is not consistent with the existing power-ramping mechanism of PRACH. It should be up to RAN2 whether the preambleTransMax for the dropped PRACH is incremented. 
Other than concurrent transmission of the PRACH on two CGs, PRACH should always be given priority, since the RA procedure should be completed as early as possible from latency point of view. Therefore, similar to the PCell PRACH, the PSCell PRACH and SCell PRACH shall achieve the maximum transmit power, PCMAX,c, unless there is a concurrent PRACH transmission that has having higher priority in the other CG. 

Proposal 3:

· The maximum transmit power of the PSCell or SCell PRACH shall be PCMAX,c except for the case in which the PRACH is overlapped with the PRACH in the other CG that has higher priority.
· The priority order of the PRACH is selected from:

· Alt.1: PCell PRACH > PSCell PRACH > SCell PRACH in MCG > SCell PRACH in SCG
· Alt.2: PCell PRACH > SCell PRACH in MCG > PSCell PRACH > SCell PRACH in SCG
· If a UE is power-limited due to concurrent PRACH transmissions, the PRACH having lower priority is dropped or delayed.

· It is up to RAN2 whether the PRACH is dropped or delayed, and whether the preambleTransMax is incremented or not.
Similar to the PCell PRACH transmission, when PRACH transmission occurs, if the UE is power-limited, except for the case that the PRACH is overlapped with the PRACH in the other CG having higher priority, the PRACH transmit power should be ensured. In other words, such on-going UL transmission(s) in the other CG do not need to be ensured. During the PRACH transmission, the remaining power can be allocated to UL transmission(s) in the other CG.

Proposal 4:

· If a UE is power-limited due to PSCell or SCell PRACH transmission, on-going UL transmission(s) in the other CG except for the PRACH that has higher priority, does not need to be ensured.

· It is up to the UE how to ensure the PSCell or SCell PRACH transmission power, e.g., adjust the power of the UL transmission(s) in the other CG on the overlapped portion, or adjust the transmission power of the whole subframe of the UL transmission(s) in the other CG.

· During the PSCell or SCell PRACH transmission, the remaining power can be allocated to the UL transmission(s) in the other CG.
3. Conclusion
In this contribution, we discussed the PRACH transmit power-control and proposed the following.
Proposal 1:

· The maximum transmit power of the PCell PRACH shall be PCMAX,c and shall not be limited by any SCG condition.

Proposal 2:

· If a UE is power-limited due to PCell PRACH transmission, on-going SCG UL transmission(s) do not need to be ensured.

· It is up to the UE how to ensure the PCell PRACH transmission power, e.g., adjust the power of the SCG UL transmission(s) on the overlapped portion, or adjust the transmission power of the whole subframe of the SCG UL transmission(s).

· During PCell PRACH transmission, the remaining power can be allocated to SCG UL transmission(s).
Proposal 3:

· The maximum transmit power of the PSCell or SCell PRACH shall be PCMAX,c except for the case in which the PRACH is overlapped with the PRACH in the other CG that has higher priority.
· The priority order of the PRACH is selected from:

· Alt.1: PCell PRACH > PSCell PRACH > SCell PRACH in MCG > SCell PRACH in SCG
· Alt.2: PCell PRACH > SCell PRACH in MCG > PSCell PRACH > SCell PRACH in SCG
· If a UE is power-limited due to concurrent PRACH transmissions, the PRACH having lower priority is dropped or delayed.

· It is up to RAN2 whether the PRACH is dropped or delayed, and whether the preambleTransMax is incremented or not.
Proposal 4:

· If a UE is power-limited due to PSCell or SCell PRACH transmission, on-going UL transmission(s) in the other CG except for the PRACH that has higher priority, does not need to be ensured.

· It is up to the UE how to ensure the PSCell or SCell PRACH transmission power, e.g., adjust the power of the UL transmission(s) in the other CG on the overlapped portion, or adjust the transmission power of the whole subframe of the UL transmission(s) in the other CG.

· During the PSCell or SCell PRACH transmission, the remaining power can be allocated to the UL transmission(s) in the other CG.
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