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Introduction
Uplink power control for PUSCH/PUCCH/SRS was intensively discussed in the latest meetings [1-2]. The framework and formula have been agreed with a few open issues regarding some items and some association between different parameters. However, current discussions are only focusing on the single carrier case and do not touch the carrier aggregation cases so far. 
In this contribution, we will discuss the UL power control mechanism for carrier aggregation of NR carriers (NR CA). If UE configured with an SCG or a PUCCH-SCell, the power sharing for LTE-NR DC can be reused here as a basic mechanism and any potential further optimization can be studied in the feature releases. Thus in this contribution, we only focus on the UE not configured with an SCG or a PUCCH-SCell. 
Discussion
There has been a toolbox of UL power control mechanisms for LTE CA. Thus we can borrow the basic principles and framework of LTE CA for NR CA.  However, compared to LTE CA, NR CA will encounter more challenges due to new introduced features, e.g., potentially different numerologies in different CCs, different scheduling timing in different CCs.
In order to simplify the discussion, we discuss the UL power control mechanisms for the following NR CA cases respectively:
· Case 1: Same numerology and transmission duration for all CCs
· Case 2: Same numerology and different transmission durations for all CCs
· Case 3: Different numerologies among CCs

Case 1: Same numerology and transmission duration for all CCs 
For case 1, NR CA is similar to LTE CA:
· The transmissions among different CCs share the same duration
· Same numerology for all CCs
· Slot-based scheduling or non-slot based scheduling with the same number of symbols
· Before the beginning of the corresponding slot/mini-slot, UE knows the occurrences of UL transmissions among all the CCs
Thus in this case, we can just borrow the LTE CA UL power control mechanism. Thus we have the following proposal:

Proposal 1: For the case with same numerology and transmission duration for all CCs, if the total transmit power of the UE would exceed the maximal power, scale down the transmission according to the following conditions: 
· For PUSCH
· 
   if UE has a PUCCH transmission
· 
 if UE has a PUSCH transmission with UCI on the serving cell j
· For SRS
· 

· All the items regarding power are linear values.

Case 2: Same numerology and different transmission durations for all CCs 
For case 2, the same numerology is used for all CCs but with different transmission durations at difference CCs, e.g., slot-based UL scheduling is used for one CC while non-slot-based UL scheduling is used for another CC.
However, according to the scheduling timing, Case 2 can be categorized into three sub-categories, which are illustrated in Figure 2.1, 2.2 and 2.3, respectively.


Fig.2.1: Case 2.1



Fig.2.2: Case 2.2



Fig.2.3: Case 2.3
For Case 2.1, 
· Typical use case: low latency service
· For both paired spectrum and non-paired spectrum
For Case 2.2, 
· Typical use case: NW schedules the first part of resource for other UE’s low latency service on CC1 and allocates the remaining resources to the UE
· For both paired spectrum and non-paired spectrum. 
For Case 2.3
· Typical use case: low latency service 
· For paired spectrum or non-paired spectrum cases with different UL/DL configurations among different CCs.

Compared Case 2.1/2.2 and Case 2.3, the main difference is that:
· In Case 2.1/2.2: Before the slot-based PUSCH transmission, UE knows there will be overlapping duration between different UL transmission on different CCs
· In Case 2.3: UE will not know the PUSCH with 7 symbols in CC1 until it detects the corresponding DCI. Thus when UE starts to transmit PUSCH with 14 symbols in CC0, its transmit power may not exceed P_CMAX and it doesn’t need to do the power control among CCs.

Based on the discussion, we can have the following observations:
· For Case 2.1, the transmission with 7 symbols on CC1 may have a higher priority for power allocation since its service is of low latency. UE can do power control among CCs before the transmission of PUSCHs.
· For Case 2.2, the service on CC1 and CC2 are similar. It seems beneficial for the transmission with 14 symbols on CC0 to have a higher priority for power allocation since its duration is longer and the power utilization can be improved. 
· For 2.3, the transmission with 7 symbols on CC1 may have a higher priority for power allocation since its service is of low latency

Thus the optimal power allocation schemes seem quite different for these three cases. This is only for the case with same numerology. We move forward to the case with different numerologies among CCs.

Case 3: Different numerologies among CCs 
In contrast to LTE, NR supports different numerologies for transmission. Thus it is possible to use different numerologies for different CCs. Take the inter-band CA as an example. The lower-frequency CC may use smaller subcarrier spacing whereas the higher-frequency CC may use larger subcarrier spacing. In Fig.2.4, we show an example of Case 3 with slot-based scheduling.


Fig.2.4: Case 3
Generally speaking, the lower-frequency CC offers the basic coverage. Thus, in order to ensure the service continuity, it is reasonable to prioritize the transmission in lower-frequency CC.
 On the other side, NW may schedules low latency service in CC 1 due to the short duration of transmission. In this case, it is reasonable to prioritize the transmission in higher-frequency CC (i.e., CC1).
Meanwhile, when UE starts to transmit PUSCH in CC0, it doesn’t know the occurrence of the 2nd PUSCH in CC1. This issue is similar to that of Case 2.3.

To summarize the above discussion, we list main issues we need to address:
· Issue 1:  Priority rules for PUSCHs without UCI in different CCs   (Case 2.1, Case 2.2, Case 2.3, Case 3)
· Issue 2: Power control for the occurrence of some new PUSCH (Case 2.3, Case 3)

As we discussed in the illustrations, it is difficult to define a unified way to prioritize some channel. There are some possible ways to simplify the mechanism:
· Option 1: All PUSCH without UCI has the same priority
· Option 2: NW configures the priorities for different CCs.

Thus we have the following proposal:
Proposal 2: NR supports the priority rule based on service types for power control. 

Proposal 3: Power control for the same service type in NR CA follows the following priority rule: 
· PUCCH or PUSCH with UCI  > PUSCH without UCI
· For the PUSCHs without UCI, down-select one of the following options:
· Option 1: All PUSCHs without UCI have the same priority
· Option 2: PUSCH with the same numerology have the same priority and PUSCH with smaller SCS > PUSCH with larger SCS

To address Issue 2, we have the following proposal:

Proposal 4: If a new DCI schedules a new PUSCH during the transmission of some PUSCHs and the total transmit power of the UE would exceed the maximal power, down-select one of the following options for power control: 
· Option 1: Only use remaining power for the new PUSCH and the transmit power of existing PUSCHs will not be changed. 
· Option 2: Drop some PUSCH (may be new PUSCH or some existing PUSCH) according to the priority rules of different PUSCHs

Based on the rules of Proposal 2/3, UE will use some modified formulas to calculate the transmit power for each PUSCH. The details of the modified formula should be based on the down-selection of these options.
Power Control for SRS 
For SRS transmission, the power control is much simpler and we can reuse the LTE mechanism. Thus we have the following proposal:
Proposal 5: If the total transmit power of the UE would exceed the maximal power, scale down the transmission according to the following conditions: 
· For SRS
· 

· All the items regarding power are linear values.

Conclusions
[bookmark: _GoBack]In this contribution, we discuss UL power control mechanism for NR CA. Based on the above discussions, we have the following proposals:
Proposal 1: For the case with same numerology and transmission duration for all CCs, if the total transmit power of the UE would exceed the maximal power, scale down the transmission according to the following conditions: 
· For PUSCH
· 
   if UE has a PUCCH transmission
· 
 if UE has a PUSCH transmission with UCI on the serving cell j
· For SRS
· 

· All the items regarding power are linear values.
Proposal 2: NR supports the priority rule based on service types for power control. 
Proposal 3: Power control for the same service type in NR CA follows the following priority rule: 
· PUCCH or PUSCH with UCI  > PUSCH without UCI
· For the PUSCHs without UCI, down-select one of the following options:
· Option 1: All PUSCHs without UCI have the same priority
· Option 2: PUSCH with the same numerology have the same priority and PUSCH with smaller SCS > PUSCH with larger SCS
Proposal 4: If a new DCI schedules a new PUSCH during the transmission of some PUSCHs and the total transmit power of the UE would exceed the maximal power, down-select one of the following options for power control: 
· Option 1: Only use remaining power for the new PUSCH and the transmit power of existing PUSCHs will not be changed. 
· Option 2: Drop some PUSCH (may be new PUSCH or some existing PUSCH) according to the priority of different PUSCH
Proposal 5: If the total transmit power of the UE would exceed the maximal power, scale down the transmission according to the following conditions: 
· For SRS
· 

· All the items regarding power are linear values.
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