
3GPP TSG RAN WG1 Meeting #76

                                                                 R1-140762
Prague, Czech Republic, 10th – 14th February 2014

Agenda Item:
7.2.5
Source:
Ericsson

Title:
Power control on dual connectivity
Document for:
Discussion and Decision

1 Introduction

Dual connectivity has been approved as a work item. This work item aims at specifying dual connectivity operation for UEs with multiple Rx/Tx in RRC_CONNECTED mode. A large part of specification work relates to RAN2 but there are also some potential impacts on RAN1. 

In [1], we discuss the general physical layer aspects of dual connectivity. In this contribution, we discuss the issues related to UL power control when dual connectivity is used.

2 Discussion
2.1 Uplink power control

One key aspect on the physical layer of dual connectivity is UL power control in case the UE transmits to both MeNB and SeNB simultaneously. The issue is very similar to UL power control handling for UL carrier aggregation, i.e. the UE needs to share its power on all UL carriers when it is transmitting simultaneously. The main difference between CA and dual connectivity is the backhaul delay between the network nodes. While synchronization is assumed among the aggregated carriers in CA, a MeNB and a SeNB can also be unsynchronized for dual connectivity operation as discussed in [1]. In our view, unsynchronized MeNB and SeNB is the most common scenario to operate dual connectivity. When a MeNB and a SeNB are unsynchronized and when they independently schedule the uplink resources, the uplink transmissions towards the two nodes could potentially partially or totally overlap with each other. Moreover, the overlapping could happen among different uplink physical channels/signals. However, it should be noted that the power for an ongoing transmission should be kept constant except the transient period as defined in RAN4.
Since multiple Tx is assumed in this WI, it will not be a problem to support simultaneous uplink transmissions as long as the total transmit power to the MeNB and the SeNB does not exceed the maximum allowed power. When the total power exceeds the maximum allowed power, the power scaling rules defined for CA can be reused with additional rules on how to handle different parallel physical channels. The power can be assigned in priority according to the following order PRACH, PUCCH, PUSCH with UCI, PUSCH without UCI and SRS. In particular, power can be allocated first to the channels with higher priority and when there is remaining power, it can be allocated to channels with lower priority and the scaling factor will be applied if needed. This is very similar to what is assumed for carrier aggregation. 

The LS [2] from RAN2 relates to whether it is feasible to support parallel preamble transmissions. As discussed above, it is feasible to transmit parallel preambles as long as the total transmit power does not exceed the maximum allowed power. For the case when the total power of parallel PRACH exceeds the maximum allowed power, it should be discussed first how often this case will happen and whether there is still performance benefit by configuring dual connectivity operation in this case. If this case is identified to be important, the following solutions can be considered: one alternative is to do power scaling for the parallel PRACH similar as PUSCH; another alternative is to select one of the PRACH transmissions and drop the other but which one should be prioritized can be further discussed. It should be noted that parallel PRACH transmissions can be avoided by different PRACH resources for the MeNB and SeNB.

Proposal 1: Reuse as much as possible carrier aggregation methodology and rules for power control for dual connectivity to prioritize UL channels and perform power scaling.

Proposal 2: It is feasible to support parallel preamble transmissions for dual connectivity and how to handle parallel PRACH transmission in power limited case is left for FFS. 

2.2 Power headroom report

In Rel-10, power headroom is reported per carrier. With Rel-10 carrier aggregation a central scheduler at the eNB takes decision for both carriers. So, the eNB knows which transport formats, TF1 & TF2, were used in both carriers at the time of the report, t. In addition, the eNB knows PCMAX,1, PCMAX,2 from which PCMAX can be estimated. Thus, the eNB can compute how much power is still available at the UE:

Actual PHR = PCMAX – (PCMAX,1 – PHR1(TF1(t))) - (PCMAX,2 – PHR2(TF2(t)).


(1)
In dual connectivity, it is also desirable to adapt UL transmissions based on the available power. However, scheduling is done independently in the MeNB and SeNB. This makes it difficult to exploit the power headroom report as efficiently as in case of Rel-10 CA. 

Assuming both eNBs know PCMAX,1, PCMAX,2, PHR1 and PHR2, it can be useful to determine the actual PHR at the time of the report, which may not be equal to PHR1 or PHR2 as shown in the equation (1) above. However, it does not give an accurate indication about the future power usage/headroom. MeNB doesn’t know which TF2(t) was decided by SeNB at the time of the report and it doesn’t know either the future decisions that will be taken by the SeNB, TF2(t+1). So, MeNB can only make a guess on how to adapt the transport format for future UL transmissions. After receiving several power headroom reports, eNBs can learn and adjust the transport format accordingly. 
As indicated by (1), both eNBs need to know the power used in the other eNB to determine exactly how much power is actually left in the UE. The power used in the other eNB is obtained by combining PCMAX,c and PHR. Therefore, it is required that the PHR of MeNB and SeNB is informed to the other eNB. PHR of an eNB can either be exchanged over the backhaul or sent directly by UE. Considering the backhaul delay and the usage of PHR as link adaptation/scheduling support, it is preferable to have up-to-date PHR information for all eNBs. So, it is preferable that the UE sends directly assistant PHR to each eNB. 

Proposal 3: The UE reports PHRs separately to each cell and the corresponding PHR contains the PHR for all UL carriers the UE has configured.

3 Conclusion

In this contribution, we discussed the uplink power control for dual connectivity. Based on the discussion we have the following proposals

Proposal 1: Reuse as much as possible carrier aggregation methodology and rules for power control for dual connectivity to prioritize UL channels and perform power scaling.

Proposal 2: It is feasible to support parallel preamble transmissions for dual connectivity and how to handle parallel PRACH transmission in power limited case is left for FFS. 

Proposal 3: The UE reports PHRs separately to each cell and the corresponding PHR contains the PHR for all UL carriers the UE has configured.
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