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1 Introduction
For NR carrier aggregation, it was agreed in RAN1#87 meeting [1][2] that,  

	Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
· NR supports 2 cell groups for PUCCH for NR CA

· NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group

· FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC
· For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR

· Granularity of TA for SCS = 15kHz is same as LTE

· Maximum number of TAGs is 4

· Note: final decision of the maximum timing difference is up to RAN4

· FFS: for other scenarios


For UL power control, it was agreed in RAN1#90bis [2] meeting that,
	Agreement:
Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
· Value of P_0 is composed by cell specific component and UE specific component
· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE
· j can be configured for the following aspects
· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3
· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH
· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.
· Capturing the agreement in the NR specification is up to the editor
Working Assumption:
· [image: image47.emf](
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Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.

· F is the index of PUCCH formats, e.g., F = 0 for PUCCH format 0, F = 1 for PUCCH format 1, F = 2 for PUCCH format 2, F = 3 for PUCCH format 3

· P0_PUCCH is a parameter composed of the sum of a parameter P0_NOMINAL_PUCCH configured by higher layers and a parameter P0_UE_PUCCH configured by higher layers.

· k is the index of RS resource(s) for pathloss measurement is RRC configured

· Multiple values of k can be configured by RRC signalling 

· FFS: Other approaches not requiring RRC configuration for the determination of k
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· Full path-loss compensation for NR PUCCH power control

· Note: 10*log10(M_PUCCH,c(i)) should be deleted 

· Note: P_0_PUCCH should be revised to P_0_PUCCH(b)

· Note: g(i) should be revised to g(i,l)

· Multiple P_0_PUCCH(b) can be configured by RRC signalling

· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling

· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 

· Only accumulative TPC command

· Support ΔPUCCH_TF,c(i) to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, PUCCH format, coding schemes and different effective coding rates: 
· FFS: details on ΔPUCCH_TF,c(i)

· Whether ΔPUCCH_TF,c(i) includes MPUCCH,c(i)

· MPUCCH,c(i) is related to the PUCCH BW in slot i, FFS on the details

· FFS: whether ΔPUCCH_TF,c(i) takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.
Agreements:

For SRS power control
[image: image2.png]Pops (D) = {Perraxe (D), Po_spsc + 1010g10(Msgsc) + asps.c * PLe(k1) + hsps,o (D)}




·  A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.

·  FFS whether or not to introduce P_SRS_OFFSET,c

· Note: the exact equation including the index of each parameter is up to the editor.


In this contribution, power control for NR CA is discussed with focuses on the power scaling/sharing  mechanisms for UE when its total transmission power exceed its  maximum configured output power. 
2 Discussion
For the case that all the component carriers configured for the UE have the same numerology, the mechanisms of power control for LTE CA can be reused to some extent. For example, based on the formulas defined for PUSCH/PUCCH/SRS [3], if the UE can determine the required transmission power of PUSCH/PUCCH/SRS on the all configured component carriers before the earliest transmission on the corresponding sot, mechanisms of power scaling/allocation in LTE CA can be used for the following cases:

· UE is configured with one or two PUCCH cell groups, for each PUCCH group  
· UE has PUCCH transmission on one serving cell and PUSCH without UCI in any of the remaining serving cells
· UE has PUSCH transmission with UCI on one serving cell  and PUSCH without UCI in any of the remaining serving cells
· UE has simultaneous PUCCH and PUSCH transmission with UCI on one serving cell and PUSCH transmission without UCI in any of the remaining serving cells
When UE is configured with 2 PUCCH groups, power allocation for serving cells in the primary PUCCH group and secondary PUCCH group is performed according PCM1 for LTE synchronous DC with some term replacements and zero guaranteed power. 
Proposal 1: Power control of LTE CA can be reused if all component carriers configured for UE have the same numerology. 
For the case that the component carriers configured for the UE have different numerologies, the slot durations on these carriers are different as well, which will occur one slot of the smaller SCS corresponding to multiple slots of the larger SCS. For example, one slot with SCS of 15 kHz on one carrier can be overlapped with several slots of another SCS of e.g., 30 kHz/60 kHz/120 kHz on another carrier if PUSCH on these carriers are transmitted simultaneously. This overlapping issue for uplink power control is similar with overlapped channel issue of asynchronous case in LTE DC scenario. Now that NR CA supports simultaneous transmission of PUSCH/PUCCH on carriers with different numerologies, how to allocate the transmission power among carriers of different numerologies needs to be studied for the power utilization efficiency.  
First of all, to simplify the designs of power sharing/scaling and reuse the corresponding mechanisms of LTE CA as far as possible, Scheme 1 is required. 
Scheme1: Configure the maximum allowed transmission power for the carrier group constituted by the carriers with the same numerology
To efficiently utilize the transmission power, multiple carriers can be grouped into different carrier groups according to the numerology, i.e., the carriers with the same numerology can be grouped into one carrier group (CG). For example, if there are N (N>=1) types of SCS for M (M>=1, M>=N) component carriers configured for UE, the M component carriers are grouped into N CGs and the component carriers within the 
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. If N =1, it is similar to LTE CA, the power control mechanism can be reused as discussed above and
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. Another illustration in which N = 2(the SCS of CG(1) =15 kHz, the SCS of CG(2) = 30 kHz) is given in Figure 1, no matter whether the slot boundaries of the CGs are aligned or not, the UL transmission on the carriers within the CG can share the configured maximum allowed transmission power.
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Fig. 1 Alignment/Non alignment of slot boundaries between CGs with the different numerologies
For the power allocation within one CG(g), similar power scaling mechanism in LTE can be adopted when the UE is power limited, e.g., when UE is not configured with PUCCH-Scell and has no PUSCH with UCI on component carriers within CG(g), then
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To guarantee the reliable transmission of channel with higher priority, e.g., PUCCH/PUSCH with UCI, the CG containing PCC/PUCCH-Scell can be configured by gNB with more power compared with that without PCell/PUCCH-Scell. For the case where PCell and PUCCH-Scell are grouped into the same CG, mechanisms of LTE PCM1 can be used for power sharing among carriers within the CG. 
 Proposal 2: For the case that M (M>1) component carriers configured for UE have N (N>1, N<=M) types of numerologies, the M component carriers can be grouped into N CGs, i.e., 
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· The maximum allowed transmission power 
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· Power scaling/sharing mechanism of LTE CA can be reused for power sharing within the CG 
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Scheme 2: Power adaptation for overlapped duration based on priority
There may be one intractable case where the mechanisms of power control for LTE CA can not be reused directly for the CG constituted by the carriers with the same numerology, i.e., UE can’t determine the required transmission power of PUSCH/PUCCH/SRS on the all configured component carriers before the earliest transmission on the corresponding slot. For example, NR support the flexible slot formats including DL-dominant slot/UL-dominant slot and the slot formats for component carriers may be different as illustrated in Figure 2. 
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Fig. 2 Different slot formats for CC1 and CC2

In Figure 2, PUSCH is transmitted on CC1 based on the scheduling information received before slot i while the scheduling information for PUSCH on CC2 is received in slot i. For another example, PUCCH can be transmitted on CC2 to feedback ACK for DL data received on the same slot. If UE has begun to transmitted UL data on CC1 before the UL transmission on CC2, while the transmission power keeps unchanged during slot i on CC1, the transmission power for PUSCH/PUCCH may not be guaranteed due to the limited available power of UE. Then power adaption for the overlapped duration can be considered to guarantee the reliable UL transmission of higher priority. If PUSCH without UCI is transmitted on both CC1 and CC2, no power adaption is needed because of the same priority. Then power adaption within one slot can be considered on top of the power scaling mechanisms of LTE CA. 
a) The transmission power for components as CC1 of which the transmission power can be determined before the earliest transmission in slot i (the CC set can be denoted as S1) is determined by the scaling roles like LTE CA if the total transmission power exceeds
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 is the linear value of the configured maximum allowed transmission power for CG(g) 
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. In case there is no PUCCH transmission of which the transmission power can be determined before the earliest transmission in slot i 
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b) If there exists PUCCH/PUSCH on the overlapped duration and the corresponding transmission power can’t be determined before the earliest transmission in slot i, whether to suspend the transmission of S1 on the overlapped duration is based on the priority, i.e., PUCCH>PUSCH with UCI>PUSCH without UCI>SRS. In addition, if URLLC is transmitted on CC2, it has the highest priority. For example, PUCCH/PUSCH with UCI on CC2 is prioritized over PUSCH on CC1 of S1 and its transmission power is calculated as
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is reserved by suspending the PUSCH transmission on the overlapped duration for one or more component carriers in S1. However, there may be DMRS for these component carriers during on the overlapped duration and the drop of DMRS or power reduction of DMRS will cause the phase discontinuity, which will affect the demodulation performance. Then the power of DMRS on the overlapped duration needs to be unchanged with its normal transmission power which matches with the data channel. For the suspended PUSCH, CBG-based retransmission can be adopted, which can prevent the performance degradation of data transmission as far as possible. 
Considering that it may also bring some negative impacts because certain transition time is needed for power ramp up or down as discussed in RAN4. As the transition time depends on the capability of RF component, it poses higher requirement for UE if power adaption is adopted, then we conclude that Scheme2 can be considered as one optional scheme on top of Scheme1 if UE has the capability to support. 
Proposal 3: Power adaptation within one slot can be considered as one optional scheme for NR CA, i.e., transmission of one CC on the overlapped duration can be suspended to leave power for that of another CC with higher priority. 
Scheme 3: Coordinated scheduling based on PHR of carriers with larger subcarrier spacing 
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Fig.3 Coordinated scheduling based on PHR
For example in Fig.3, CC1 is one component carrier with the numerology of 15 kHz and CC2 is another component carrier with the numerology of 120 kHz. One slot of CC1 is overlapped with 8 slots of CC2. Firstly, the PHR can be triggered if the actual transmission power of CC1 and CC2 is equal to the UE configured maximum transmission power
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 or the slots with different duration are overlapped. One parameter indicating the available remaining power for next UL transmission of CC2 is needed, i.e., 
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 is the actual transmission power of CC1 in slot n.
Based on the reports, gNB can schedule the next UL slot to avoid occurring power limited case. For example, if 
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 is utilized for CC1 and CC2 in slot m, some coordination scheduling can made through UL grant for slot m+3 to guarantee that the required transmission power for CC1 and CC2 in slot m+3 does not exceed
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Proposal 4: One parameter indicating the available remaining power on CC with the larger SCS for the overlapped duration can be considered for PHR.  
3 Conclusion
In this contribution, power control for NR CA is discussed and we have following proposals:
Proposal 1: Power control of LTE CA can be reused if all component carriers configured for UE have the same numerology. 
Proposal 2: For the case that M (M>1) component carriers configured for UE have N (N>1, N<=M) types of numerologies, the M component carriers can be grouped into N CGs, i.e., 
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· The maximum allowed transmission power 
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· Power scaling/sharing mechanism of LTE CA can be reused for power sharing within the CG 
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Proposal 3: Power adaptation within one slot can be considered as one optional scheme for NR CA, i.e., transmission of one CC on the overlapped duration can be suspended to leave power for that of another CC with higher priority. 

Proposal 4: One parameter indicating the available remaining power on CC with the larger SCS for the overlapped duration can be considered for PHR.  
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