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1 Introduction
RAN1 is currently discussing how to perform power allocation for a UE configured with Dual Connectivity (DC).

During RAN1#77, RAN1 has agreed that the PRACH of the PCell has the highest priority [1].
Email discussion [78-08] defines the terms “power control mode 1” for allocation of remaining power based on UCI prioritization that is used in synchronous deployments, and “power control mode 2” for allocation of remaining power based on the CG with the transmission that is earliest in time that is used in asynchronous deployments [2]. 

Email discussion [78-09] further discussed how to perform power control for PRACH, and what priority rules to apply. 
A number of possible way forward have been considered, including the following [3]:

1) PCell PRACH  >  other PRACHs  >  other channels/signals;
2) PCell PRACH  >  pSCell PRACH  >  other PRACHs  >  other channels/signals;

3) Priority among PRACHs is up to UE implementation;

4) MCG PRACH  >  SCG PRACH  >  other channels/signals;

There was also a discussion regarding whether or not msg3 should be considered for prioritization.

Following RAN2#87, email discussion [87#24] confirmed that there is no support for parallel random access procedures within a CG in dual connectivity [4] i.e. there can be at most two ongoing RACH procedures at any time.

In summary, our views are that:

1) The UE should apply the same prioritization for power allocation to both the (re-)transmission of a preamble and that of msg3 (PCell and sPCell only) for a given random access procedure.
2) Only the random access procedure of the PCell is necessary to protect for coverage, latency and RRC connectivity.
i.e. PCell PRACH  >  other channels/signals (including other PRACHs)
There is no need to optimize the random access procedure for other cells:
· for pSCell, the UE is not expected to be active in transmissions in the SCG;
· for SCells, the UE only support PDCCH-initiated CFRA (i.e. no msg3) for sTAG implying that:
i. the UE can already transmit in the pTAG of the concerned CG; and
ii. the concerned eNB can take appropriate measures for the procedure to succeed.

In other words, we propose that the UE can allocate up to PCMAX to PRACH and msg3 on PUSCH of the PCell. Also, the UE will handle other PRACHs together with other transmissions of the concerned CG using the applicable power control mode. For power control mode 1, PRACH other than for the PCell have the same priority as SR on PUCCH.
3) The UE handles overlap between a PRACH transmission and other PRACH/PUSCH/PUCCH transmissions:
i. The UE shall not change the power level of ongoing PUSCH/PUCCH transmissions;
ii. The UE always performs look-ahead for preamble retransmissions;
iii. For PDCCH-initiated RACH, the UE performs look-ahead for the initial preamble transmission only if the time between the reception of the DCI and the first PRACH occasion is equal to 6ms, otherwise the UE is allowed to not perform look-ahead and it may scale (possibly down to zero) the preamble transmission;
iv. For UE-initiated RACH, it is left up to UE implementation whether it selects a PRACH occasion such that it can perform look-ahead or it scale (possibly down to zero) for the initial preamble transmission.
This contribution provides further details for the above aspects.
2 Power Control for RACH in Power Limited Situations
For transmissions on PRACH when the UE is power limited, the following is still FFS:

· The priority rules between PRACH and other transmissions;

· The portion of PCMAX that will be allocated to a preamble transmission on PRACH;

· How to handle overlapping transmissions.

This section further discusses the above aspects.

2.1 Prioritization of PRACH

2.1.1 PRACH on PCell of MCG
During RAN1#77, RAN1 has agreed that the PRACH of the PCell has the highest priority [1]. Mainly, this agreement is motivated by RRC connectivity and the necessity to not impact uplink coverage for PRACH, mobility performance (latency of SRB for measurement report) and UL RLF frequency when compared to single connectivity. Consequenly:

Proposal 1: 
The UE shall give absolute priority to the transmission of a preamble on the PRACH of the PCell, i.e. the UE allocates the required power up to PCMAX if necessary.

2.1.2 PRACH on pSCell of SCG
The UE typically performs RACH on the pSCell either triggered by RRC reconfiguration of SCG, by RA-SR when there is no PUCCH resources for SR or when it receives a PDCCH order for RACH. When the UE reconfigures the SCG, there is an interruption time during which the UE is not expected to be active in transmissions. When the UE perform RA-SR on pSCell (i.e. uplink data arrival for DRBs with uplink mapped to the SCG), the UE would likely not have valid upling timing alignment as it can be expected that the network will allocate dedicated resources on PUCCH for D-SR for the pSCell. When the UE receives a PDCCH order for RACH (i.e. downlink data arrival for split- or SCG-only DRBs), similarly the UE would not have valid uplink timing alignment as the SeNB would otherwise simply issue a grant. In other words, there are no cases where the transmission of a preamble (or of msg3) for pSCell is expected to collide with another transmission of the SCG.

During the email discussion, it was mentioned that PCell and pSCell are similar in that both support UE-initiated RACH (i.e. RA-SR for uplink data arrival) and as such, should be treated similarly. Concerns were also raised concerning pSCell activation time upon configuration of the SCG as well as collisions with PRACH transmissions on MCG SCell.

Our understanding is that the main differentiator for PRACH between the PCell and the pSCell is not related to the scheduling request but rather to the RRC connectivity of the PCell as explained above. For pSCell, it is expected that the UE will be configured with dedicated PUCCH resources for D-SR, and RACH latency for SR is thus not an issue.

In the case of pSCell activation time, the MeNB initiates the SCG configuration procedure and can determine the time from which the UE will first initiate the RACH procedure (e.g. 15ms RRC procedure delay after reception of HARQ ACK for the RRC configuration message). The MeNB can schedule conservatively and/or avoid collisions of transmissions of the MCG with the UE-autonomous PRACH on pSCell from that time and account for a certain number of PRACH transmissions if necessary (PRACH typically succeed with less than one retransmission in average). Given that the UE cannot possibly be scheduled by the SeNB during the RACH procedure on pSCell, pSCell activation time should not be an issue for PRACH.
Remains only the case of a collision between PRACH on pSCell and PRACH on a SCell of the sTAG of the MCG. Our understanding here is that this should be a very infrequent case and the question is thus whether or not it is worth optimizing for this.
Before RAN1 agrees to such optimization, it should be discussed how frequently this is expected to happen and when it does, what are the possible consequences.

It seems that for such optimization to be relevant, the following conditions would BOTH have to be met:

1) The UE is configured with Dual Connectivity;
2) On the MCG, the UE is configured for Carrier Aggregation with multiple TAGs;
In this case, it then seems that for such collision to occur, the following conditions would also ALL have to be met:

3) SCG pTAT of pSCell is not running, and the UE performs RA-SR (UL data arrival); AND
4) MeNB triggers RACH on SCell of STAG of MCG; AND
5) Both procedures overlap at least partially in time;
Note that this overlap in time can be avoided for the initial configuration/addition of the SCG by the MeNB since the MeNB is aware of both events. It may also be avoided all the time by network configuration PRACH resources in time such that there is no (or infrequent) overlap in time.

In the seemingly very unlikely event that such overlap in time occurs, e.g. purely based on scheduling activity, then for a collision to occur the following conditions also ALL have to be met:

6) PRACH resources of the pSCell and of the SCell of the MCG have to overlap in time for both procedures; AND
7) The backoff timing for the UE-initiated RACH (on pSCell) have to match the timing of the preamble retransmissions of the other RACH procedure; AND
8) For all colliding preambles, the sum of the required transmission power would have to exceed PCMAX;
If so, in the also unlikely event that the RACH procedure for the pSCell happens to fail because of insufficient transmission power, the consequence is that the UE would trigger S-RLF and the MeNB can take appropriate actions.
· RACH on pSCell is not critical to protect.
· There is no need to prioritize RACH on pSCell above other transmissions of the MCG.

Proposal 2: 
The UE can allocate up to (Pcmax - PMeNB) to a PRACH transmission for the pSCell.
All PRACH transmissions for the SCG would then follow the R11 power allocation method within the fraction of PCMAX allocated to the SCG (i.e. including remaining power, if any). Consequently, the following is proposed:
Proposal 3: 
PCell PRACH  >  other channels/signals (including other PRACHs).
More specifically, the UE will handle PRACH other than the PCell together with other transmissions of the concerned CG using the applicable power control mode. For power control mode 1, PRACH other than for the PCell have the same priority as SR on PUCCH and the UE may also use any unused portion of the guaranteed power of the other CG.
2.2 Overlapping PRACH and PRACH/PUxCH transmissions
The UE configured with dual connectivity allocates power to transmissions of different CGs. When the UE is power limited, rules are required such that the UE can determine how to allocate the portion of PCMAX that is not subject to guaranteed power for transmissions that overlap in time. Such rules ensure that power usage is maximized, that PCMAX is not exceeded and that power of ongoing transmissions does not need to be adjusted.

For PUCCH/PUSCH, such portion of PCMAX corresponds to the “remaining power”. Power control mode 1 allocates such power based on UCI prioritization by considering transmissions that overlaps for both CGs (i.e. using “look ahead”) given a timing difference no larger than 33us such that sufficient processing time is available to the UE. Power control mode 2 allocates such power based on the relative timing between transmissions that overlaps for both CG (i.e. remaining power is allocated to the CG with transmissions that are earliest in time).

However, for PRACH, depending on RAN1’s decision on prioritization of PRACH, such portion of PCMAX may also not be subject to the guaranteed power. For example, PRACH of PCell will have absolute priority and will not be subject to guaranteed power. This implies that the UE must take into account the power requirement of the prioritized PRACH transmission when setting the power level of the other overlapping transmissions (i.e. another PRACH, a PUSCH or a PUCCH mainly of the SCG in practice). Because the prioritization rule shall be enforced, this is applicable independently of the power control mode and of the maximum uplink timing difference between CGs.
If look ahead can be performed, the UE can properly scale the power of the overlapping other transmissions already from the first symbol of the transmission and the UE will not have to make any adjustement to the power level of the ongoing other transmissions. Otherwise, if look ahead cannot be performed, new UE behavior may be required.

For a UE-initiated RACH (i.e. uplink data arrival), the UE is expected to have the means to select a PRACH occasion that allows the UE to perform such look ahead. This may, however, be at the expense of some additional delay.
For PDCCH-initiated RACH (i.e. downlink data arrival), TS36.213 section 6.1.1 specifies the L1 timing requirements for the transmission of the initial preamble, such that the UE shall select the first available PRACH occasion no earlier than 6ms following the reception of the DCI. It also specifies the timing for the transmission on PUSCH associated with the grant received in the RAR. Such timing was introduced to alow sufficient processing time in the UE in both cases.
It may be undesirable to steal some of this processing time from the PDCCH-initated procedure to mandate look-ahead for power control of the prioritized PRACH transmission. Companies have suggested that the UE be allowed to change the power level of other ongoing transmissions when it determines that it is power limited and such that it can allocate sufficient power to the preamble transmission. However, this would be against agreements taken earlier on power control for DC and may actually complex to implement in practice.
It may thus be desirable to discuss other alternatives to ensure that the UE does not need to change the power level of ongoing PUSCH/PUCCH transmissions.

It is noted that this is only applicable to the initial preamble transmission for the random access procedure. In other words, the UE can always perform look ahead for preamble retransmissions.

For the initial preamble transmission, the MeNB already have means to ensure that that the processing time is always larger than X (FFS if X=6ms) by timely scheduling of the PDCCH order.

Accrodingly, the following is proposed:

Proposal 4: 
The UE shall not change the power level of ongoing transmissions due to PRACH on PCell when it is power-limited.

As stated above, the MeNB has means to ensure that the UE does not have to scale the initial preamble for the PRACH on PCell by ensuring that the processing time is always larger than X (FFS if X=6ms).

Alternatively, if a UE-centric method is desirable then the following handling of the overlap between PCell PRACH and other PRACH/PUSCH/PUCCH should be considered:
i. The UE shall not change the power level of ongoing PUSCH/PUCCH transmissions;
ii. The UE always performs look-ahead for preamble retransmissions;
iii. For PDCCH-initiated RACH, the UE performs look-ahead for the initial preamble transmission only if the time between the reception of the DCI and the first PRACH occasion is equal to 6ms, otherwise the UE is allowed to not perform look-ahead and it may scale (possibly down to zero) the preamble transmission;
iv. For UE-initiated RACH, it is left up to UE implementation whether it selects a PRACH occasion such that it can perform look-ahead or it scale (possibly down to zero) for the initial preamble transmission.
Our understanding is that given proper setting of the maximum number of preamble transmissions PreambleTransMax (TS36.331 specifies values of [3, 4, 5, 6, 7, 8, 10, 20, 50, 100, 200]) and given that only the initial preamble transmission would be scaled, there would be no impact on the probability of UL RLF.

Accordingly, the following is proposed:

Proposal 5: 
The UE may scale the transmission power of the initial preamble transmission for a PDCCH-initiated RACH procedure only if the time between the reception of the DCI and the first PRACH occasion is equal to Xms (FFS if X=6ms) when the UE would be otherwise power-limited due to overlapping transmissions.

2.3 Handling of preamble transmissions and msg3 transmissions
The UE should apply similar priority rules for PRACH and for msg3 on PUSCH. Both transmissions have similar SIR requirements, even when considering HARQ retransmissions for msg3.
It is noted that there is already another case where the UE is required to differentiate the transmission of msg3 from other PUSCH transmissions (TS36.213 section 8.2):

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure coincide in the same subframe.

There is no additional complexity in applying the same treatment to msg3 as its corresponding PRACH transmissions.
Proposal 6: 
For a contention-based random access procedure, the UE shall apply the same priority for all preamble transmissions but also to all transmissions of msg3 when allocating transmission power.

In addition, the MeNB can set the UL delay field in the RAR grant to add 1ms processing time for the initial transmission of msg3 on the PCell such that the UE can perform look ahead in case of overlapping transmissions.

3 Conclusions
RAN1 should discuss and also agree to the following:

Proposal 1: 
The UE shall give absolute priority to the transmission of a preamble on the PRACH of the PCell, i.e. the UE allocates the required power up to PCMAX if necessary.

Proposal 2: 
The UE can allocate up to (Pcmax - PMeNB) to a PRACH transmission for the pSCell.

Proposal 3: 
PCell PRACH  >  other channels/signals (including other PRACHs).
More specifically, the UE will handle PRACH other than the PCell together with other transmissions of the concerned CG using the applicable power control mode. For power control mode 1, PRACH other than for the PCell have the same priority as SR on PUCCH and the UE may also use any unused portion of the guaranteed power of the other CG.
Proposal 4: 
The UE shall not change the power level of ongoing transmissions due to PRACH on PCell when it is power-limited.

Proposal 5: 
The UE may scale the transmission power of the initial preamble transmission for a PDCCH-initiated RACH procedure only if the time between the reception of the DCI and the first PRACH occasion is equal to Xms (FFS if X=6ms) when the UE would be otherwise power-limited due to overlapping transmissions.

Proposal 6: 
For a contention-based random access procedure, the UE shall apply the same priority for all preamble transmissions but also to all transmissions of msg3 when allocating transmission power.
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