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1. Introduction

Significant progress was achieved at the RAN1 #77 meeting regarding UL power control procedures for Dual Connectivity (see [1] for a list of agreements). One of the agreed procedures is that, at least for PUCCH/PUSCH, a minimum guaranteed power allocation can be configured for UL transmission to both MeNB and SeNB. Furthermore, it was agreed that for the synchronous timing case – or when look-ahead is supported – any residual power, after the guaranteed power is allocated, can be assigned to either one or both eNBs based on a priority rule, which in turn depends on the UCI type. Although an email discussion [2] following RAN1 #77 tackled several outstanding issues regarding prioritization, some open issues remain and are the focus of this contribution. These open issues include
· Priority rules for PUCCH, PUSCH, SRS

· Allocation of residual power to one or both eNBs
· Need for additional prioritization

· Priority rule for PRACH
2. Prioritization of PUCCH/PUSCH/SRS across Cell Groups
During the email discussion of [2] there were two alternative interpretations of the agreement that prioritization of PUCCH/PUSCH was based on UCI types, namely:

1. Alternative 1: PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG
2. Alternative 2: HARQ-ACK (via PUCCH or PUSCH) on MCG > HARQ-ACK (via PUCCH or PUSCH) on SCG > PUSCH on MCG > PUSCH on SCG

It may be observed that Alternative 1 prioritizes by channel and cell group (CG), whereas Alternative 2 prioritizes by UCI type and CG. Recalling CA design in Rel-10/11, prioritization is primarily by UCI type given the impact on DL spectral efficiency. Thus, HARQ-ACK is given a higher priority compared to CSI and UL-SCH data. Furthermore, CA prioritization is not dependent on which channel conveys the UCI as the important operational issue is timely and reliable feedback. From a UE perspective, Dual Connectivity is strikingly similar to CA with multiple TAGs including reception and transmission in multiple serving cells and RRC signaling from a single eNB. 
As such, the Rel-10/11 priority rules should form the basis for prioritization in Dual Connectivity. Specifically, HARQ-ACK > CSI > UL-SCH regardless of which channel conveys the information. Thereafter, enhancements may be introduced to address parallel transmissions in both CGs with the same priority level. 
It was mentioned in [2] that priority should be given to the MCG to break ties with SCG transmissions. To understand this, we consider HARQ-ACK, CSI and UL-SCH separately.
· Since higher layer configuration is provided by RRC signaling from the MeNB, it may be desirable to prioritize MCG HARQ-ACK over SCG HARQ-ACK. 
· Similarly, the MeNB configures the UE for RRM measurements (which may be used to determine a suitable SeNB). Thus, it may be worthwhile prioritizing UL-SCH of MCG over that of the SCG.    
· For CSI we have not a strong reason to prioritize MCG over SCG. Although CSI prioritization can be left to UE implementation, it may be desirable, for simplicity, to adopt a uniform tie-breaking rule of MCG over SCG for the same information type.  
· Other rules: It was mentioned in [2] that the UE may be allowed to autonomously prioritize an information type, e.g. prioritizing BSR/PHR/RSRP reports over CSI. Firstly, it is preferable to have a consistent set of rules. Secondly, the likelihood of collision between CSI in one CG and BSR/PHR/RSRP is probably low if Dual Connectivity is mainly considered for low mobility UEs. Therefore this may be seen as an optimization.
One difference between CA and Dual Connectivity is transmission of a scheduling request (SR). For CA, HARQ-ACK and SR can be multiplexed on PUCCH. For Dual Connectivity, there could be parallel transmission of SR and HARQ-ACK in different cell groups. If independent radio bearers are configured for each CG it is not clear that SR in one CG should have higher priority over HARQ-ACK in the other CG. Thus either setting the same priority level or assigning a higher priority level to SR could be adopted.   

Periodic SRS transmission can be given the lowest priority for prioritization across CGs. However, since aperiodic SRS transmission is scheduled by an UL grant, for example, it can be multiplexed with a PUSCH transmission in the same serving cell. 

Proposal 1:

· For residual power, the priority rule is similar to Rel11 CA: HARQ-ACK/SR > CSI  > UL-SCH
· SR in one CG and HARQ-ACK/SR in the other CG may be given the same priority level.

· Periodic SRS transmission has the lowest priority level. 

· For parallel transmission of HARQ-ACK/CSI/UL-SCH across CGs, MCG has a higher priority.
An open question is whether the residual power can be allocated to only one CG. Several additional issues would need to be addressed if this solution is adopted. 

1) It would need to be clarified if the CG is autonomously selected by the UE, configurable by higher layer signaling, or fixed by specification. 

2) If PMeNB and PSeNB are configured to guarantee a minimum power allocation (e.g. for PUCCH transmission), this would lead to conservative scheduling by at least one eNB.

One possible use case for this solution is where the SCG is configured primarily for DL data transmission. Hence, UL transmission to the SeNB is mainly for HARQ-ACK/CSI feedback. Therefore, PSeNB can be configured to guarantee reliable PUCCH reception in the pSCell, with any residual power assigned to the MCG. However, this use case can also be handled by the prioritization described in Proposal 1.

Proposal 2: confirm the working assumption that the remaining power can be allocated to both eNBs according to the priority rule. 

3. Prioritization of PRACH

It was agreed in RAN1 #77 [1] that the PCell PRACH has the highest priority. However, it is not clear whether this prioritization holds regardless of whether or not PMeNB and PSeNB are configured. 

Observation: it should be clarified whether the prioritization of PCell PRACH applies regardless of whether or not PMeNB and PSeNB are configured.

A more general question is: what is the UL power control procedure if PMeNB and PSeNB are not configured? In our view the UE should compute PCMAX in a subframe following the Rel-11 CA procedure. If configured, the values selected for PMeNB and PSeNB should guarantee that PRACH can be received at both MeNB and SeNB respectively. Otherwise, if PMeNB and PSeNB are not configured, the PCell PRACH has the higher priority. Further prioritization can then be as follows.
For the SCG, PRACH is at least transmitted in the pSCell. Thus, the remaining issue is parallel transmission of pSCell PRACH and an UL channel/signal in the MCG. Since no other UL transmission (including PUCCH) can take place in the pSCell of the SCG before UL time alignment (including HARQ-ACK feedback), it is desirable to prioritize pSCell PRACH over other UL channels/signals in the MCG, including PRACH to a secondary TAG of the MCG. 
Proposal 3: 
· PRACH transmission in the pSCell is prioritized over other UL channels/signals in the MCG except the PCell PRACH.
4. Conclusion

This contribution addressed several open issues regarding prioritization of UL channel/signals for Dual Connectivity. Given some similarities between CA and Dual Connectivity, the CA prioritization rules should form the basis for any new prioritization rules that are introduced for Dual Connectivity. Therefore, we propose that: 
· For residual power, the priority rule is similar to Rel11 CA: HARQ-ACK/SR > CSI  > UL-SCH

· SR in one CG and HARQ-ACK/SR in the other CG may be given the same priority level.

· Periodic SRS transmission has the lowest priority level. 

· For parallel transmission of HARQ-ACK/CSI/UL-SCH across CGs, MCG has a higher priority.
· Confirm the working assumption that the remaining power can be allocated to both eNBs according to the priority rule.
· For PRACH transmission

· Observation: it should be clarified whether the prioritization of PCell PRACH applies regardless of whether or not PMeNB and PSeNB are configured.

· PRACH transmission in the pSCell is prioritized over other UL channels/signals in the MCG except the PCell PRACH.
References

[1] Meeting report, 3GPP RAN1 #77
[2] R1-142776, “Summary of email discussion [77-11] ]: Details of priority rule based on UCI type across CGs for dual connectivity power control”, LGE
3

