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1. Introduction
In response to RAN1 LS on random access in dual connectivity, RAN2 made the following working assumptions on transmissions of uplink signals of difference cell groups and captured in their LS [1] to RAN1:

· The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE.
· The preamble transmission in the PCell is considered more important than preamble transmission in any other cell.
From the above RAN2 working assumptions, it is clear that the coverage of MeNB/MCG serving cells should not be compromised in order to protect the essential RRC messages in both directions (MeNB/MCG ( UE). Together with PCell PRACH should always have the higher importance than others; it is concluded in our companion contribution [2] that “fully dynamic power sharing” should be adopted as the UL power allocation scheme for dual connectivity.
In this contribution, we provide considerations on channel prioritisation, power scaling and dropping rules based on the “fully dynamic power sharing” scheme for dual connectivity when UE power-limitation is reached (PCMAX).
2. Discussion
In the “fully dynamic power sharing” scheme [2] for dual connectivity, the total available / maximum output power from a UE can be allocated to any of its configured UL serving cell, is the same power sharing principle as used in existing UL carrier aggregation. As such, it is expected the existing PCMAX,c (configured maximum output power per serving cell) and PCMAX (total configured maximum output power) definitions currently in RAN4 specification 36.101 can be largely reused. However, the difference between UL CA and dual connectivity for the existing definition would be to handle the calculation of PCMAX_L during overlapped portion of UL transmissions to both eNBs. To assist in understanding the “fully dynamic power sharing” scheme, the following modifications to the existing PCMAX_L calculation could be taken in RAN1 as a baseline assumption.
“If the UE is configured with multiple eNB/CGs and transmissions of the UE on one subframe for any serving cell in one eNB/CG overlap some portion of the transmission on a subframe for a difference serving cell in another eNB/CG, the UE minimum Pcmax_L for both subframes applies for their overlapping portion. PPowerClass shall not be exceeded by the UE during any period of time.”

Based on this, UE power limitation can be defined as the total power exceeds PCMAX in any portion of a subframe. This covers the following cases, also depicted in Figure 1 below. 
Case 1: Power requirement for one eNB/CG exceeds PCMAX in any portion of a subframe (in non-overlapping transmission).
Case 2: The combined power exceeds PCMAX in the overlapped portion of a subframe (sync and async deployments).
For simplicity, the nature of PCMAX fluctuation caused by the partial overlap period is not shown for Case 2 in the figure.
[image: image1.png]Proq_s Preq_combine

Pewx




Figure 1: UE power limitation cases
Handling of UE power limitation is different for these two cases. In case 1 (regardless of synchronous or asynchronous deployments), when total transmission power exceeds PCMAX, per eNB/CG channel prioritisation/dropping and power scaling rules should be applied as per Rel-11 CA (with multiple TAGs configured in a CG), since UE power limitation is reached only within one eNB/CG. That is, the channel prioritisation rule will be PRACH > PUCCH > PUSCH (UCI) > PUSCH > SRS. And hence, there would be no specification change needed for handling UE power-limited Case 1.
For UE power-limited Case 2, power requirement from both eNBs/CGs should be considered before determining transmit power that the UE should actually use for each eNB/CG as described for Candidate 1 in [3]. This should be applied for both synchronous and asynchronous deployments. The only difference between them is a shortened UE processing time of up to almost 1ms to determine the power requirement for the eNB/CG transmission subframe which is later in the timing in the asynchronous deployment. However, we consider this shortened processing time for the UE is desirable and feasible to ensure proper allocation of the UE available power. Therefore, in order to meet RAN2’s working assumptions [1] in the TPC mechanism design for dual connectivity, it is the working understanding reached in [3] that:
If dynamic power-sharing between eNBs/CGs is introduced for unsynchronized case, and if prioritizing the first in time transmission is not introduced, UE needs to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases.
   - Case 1) When the first eNB/CG is MeNB/MCG,
   - Case 2) When the first eNB/CG is SeNB/SCG.
Note: The first eNB/CG is the eNB/CG which is earlier in the timing.
Note: "Taking into account" does not necessary mean to reduce the power.
Note: On-going transmission in a subframe should always be maintained.
Following the principle that MeNB/MCG should in general have the higher priority than SeNB/SCG transmissions, especially for MeNB/MCG transmissions with PCell PRACH, PUSCH carrying RRC messages, and PUCCH/PUSCH carrying HARQ-ACK & SR (related to RRC transmissions), UE available power should be allocated according to the prioritisation rules in Table 1.
Table 1: Prioritisation table of channels and signals for dynamic power sharing between eNBs/CGs.

	1st priority group
	PCell PRACH > MCG PUSCH (RRC msg) > MCG PUCCH/PUSCH (HARQ-ACK, SR)

	2nd 
	Other PRACHs > SCG PUCCH/PUSCH (HARQ-ACK, SR)

	3rd 
	MCG PUCCH/PUSCH (CSI) = SCG PUCCH/PUSCH (CSI)

	4th 
	MCG PUSCH (no RRC msg) = SCG PUSCH > MCG SRS > SCG SRS


Note 1: Within each priority level, “=” sign means power scaling should be applied to the channels. (Whether the power scaling reduction should be equally between the channels or based on other ratios can be up to UE implementation.)
Note 2: Within each priority level, “>” sign means lower priority channel should be dropped.

Note 3: Power allocation between the priority groups, channels in higher priority group should be allocated first before considering others.

In the prioritisation table, the emphasis is place on maintaining the RRC connection (PUSCH with RRC messages) and keeping the UL synchronisation with the PCell in MeNB/MCG. Additionally, UL control information (HARQ-ACK and SR) related to RRC message transmissions with MeNB/MCG is also considered as high priority signals and hence grouped in the same priority order as PUSCH with RRC messages. The remaining channels/signals are prioritised in a similar order as Case 1.

· To ensure the coverage of MeNB/MCG serving cells and thus maintaining RRC connection to MeNB, channels/signals that are in the 1st and 2nd priority groups in the above prioritisation table should not be scaled. At most, it can be dropped if UE power limitation is reached (PCMAX).

· Power scaling can be applied to the 3rd and 4th priority channels/signals. If found the power of a particular channel/signal is too low, it can be up to UE implementation to drop that channel/signal.

As a result of this prioritisation rule in Table 1, it should be noted that if UL transmission to MeNB/MCG is earlier in timing and contains only 1st priority group signals with total transmit power less than PCMAX, the UE would not have to take into account of power requirement for the other eNB/CG before determining its transmit power for MeNB/MCG in that subframe. And hence it would not incur the shortened UE processing time of potentially up to 1ms in this case.
Parallel PRACH handling in power-limited case:

· In principle, PRACH of any cell shall not be power scaled as it is against the principle of power ramping mechanism in the random access procedure defined in 36.321.
· As indicated in RAN2 LS, PCell PRACH has highest priority. Therefore, drop others based on UE implementation if insufficient power, as currently adopted in CA.

Aspects that can be up to UE implementation:

· After allocating power to top priority channels/signals, dropping of 1st and 2nd priority group channels/signals, if found insufficient power remaining (e.g. 3dB lower than the original power requirement).

· Power scaling to 3rd and 4th priority channels/signals can be equal or unequal proportion.

· After power scaling to 3rd and 4th priority channels/signal, if found the power of a particular channel/signal is too low, it can be up to UE implementation to drop that channel/signal.
3. Conclusions

Proposal 1: Prioritisation rules in Table 1 can be adopted to ensure UL synchronisation and RRC connection to MeNB (hence the coverage of MeNB/MCG) are maintained.
	1st priority group
	PCell PRACH > MCG PUSCH (RRC msg) > MCG PUCCH/PUSCH (HARQ-ACK, SR)

	2nd 
	Other PRACHs > SCG PUCCH/PUSCH (HARQ-ACK, SR)

	3rd 
	MCG PUCCH/PUSCH (CSI) = SCG PUCCH/PUSCH (CSI)

	4th 
	MCG PUSCH (no RRC msg) = SCG PUSCH > MCG SRS > SCG SRS


Note 1: Within each priority level, “=” sign means power scaling should be applied to the channels. (Whether the power scaling reduction should be equally between the channels or based on other ratios can be up to UE implementation.)

Note 2: Within each priority level, “>” sign means lower priority channel should be dropped.

Note 3: Power allocation between the priority groups, channels in higher priority group should be allocated first before considering others.

Proposal 2: Since PCell PRACH has the highest priority, other PRACH transmissions should be dropped as per CA for handling parallel PRACH transmissions in dual connectivity.
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