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1 Introduction
For intra-band UL CA Pcmax, there is an assumption for MPR adoption for each CC from TS 36.101:
“For uplink intra-band contiguous and non-contiguous carrier aggregation, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. PCMAX,c  is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.”

While for real UE operation, this assumption actually could not be ensured for NR considering of RAN1 spec.

This paper provides further analysis on intra-band UL CA Pcmax. 
2 Discussion
2.1 Meaning of MPR assumption for LTE intra-band UL CA
For intra-band UL CA Pcmax, RAN4 uses the assumption with equal PSD on each CC to evaluate on CA MPR, thus it is natural to define “For uplink intra-band contiguous and non-contiguous carrier aggregation, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively.” and “PCMAX,c  is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.” 

In our understanding, it means Pcmax the UE take for each CC would be Ppowerclass-MPRCA, where Ppowerclass is the power class value for each CC. This Pcmax is used to be reported to the gNB as part of PHR. Based on such assumption, we provide CA Pcmax calculation procedure as Figure 1:
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Fig 1. CA Pcmax calculation procedure
However, the issue is whether CC1’s Pcmax,c calculation can be cached up with CC2’s DCI for UL transmission, even when UL transmission for CC1 and CC2 are overlapped in time. 
Firstly, we need to configure out the processing capability between CCs. In TS 38.21X, PUSCH preparation time for PUSCH timing capability is divided into type1 and type2 as below, in which processing type 1 indicates on cap-1 with transmission of up to two, four or seven unicast PUSCHs for several transport blocks in one serving cell within the same slot per CC. while Processing type 2 indicates enhanced UE processing capability on N2:
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For processing type 2, it further indicates on the fallback capability on N2 between CCs in TS 38.306, it clarifies that N2 capability could be different between CCs, since if fallback=’sc’, UE only supports cap-2 processing time on lowest cell index:
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Since processing N2 capability indicates the symbol length between DCI and PUSCH transmission, it means 2 CCs with PUSCH transmission overlapped in time could have different DCI timing point.

Observation 1: According to RAN1/2 spec on PUSCH processing capability, the delay between UL DCI and PUSCH transmission can be different for CCs. It means that DCI timing for PUSCH transmission overlapped in time for CCs can be different. It can be depicted in figure 2:
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Fig 2. DCI timing for PUSCH transmission overlapped in time for CCs are different

Based on Observation1, we can see RAN1 has agreement on this situation in RAN1 #93 meeting in Fig 3: 
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Fig 3. RAN1 agreement on CA power control

For PHR signalling, it is specified in TS 38.213 as:

	If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion [image: image6.wmf]i

 on active UL BWP [image: image7.wmf]b

 of carrier [image: image8.wmf]f

 of serving cell [image: image9.wmf]c

, the UE computes the Type 1 power headroom report as 
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is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS38.101-3] for carrier [image: image19.wmf]f
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According to RAN1’s agreement, PHR reporting in MAC CE cannot be ensured to use the same Pcmax,f,c in physical layer.
Observation 2: For NR intra-band UL CA, Pcmax,f,c for PHR reporting cannot be ensured to use the same Pcmax,f,c in physical layer: Ppowerclass-max(MPR, AMPR), where MPR and AMPR are specified for intra-band UL CA. 

For NR intra-band contiguous and non-contiguous UL CA, we propose to define the Pcmax,f,c for each CC as below:

“For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in subclause 6.2.4, MPRc and A-MPRc are determined by subclause 6.2.2. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. ”
Proposal 1: For NR intra-band contiguous and non-contiguous UL CA, the Pcmax,f,c for each CC is defined as the Pcmax using the MPR defined for single carrier.
Conclusion

In this contribution we discussed on intra-band UL CA Pcmax, according to the analysis, we have the following observations and proposals: 
Observation 1: According to RAN1/2 spec on PUSCH processing capability, the delay between UL DCI and PUSCH transmission can be different for CCs. It means that DCI timing for PUSCH transmission overlapped in time for CCs can be different. It can be depicted in figure 2:


[image: image22]
Observation 2: For NR intra-band UL CA, Pcmax,f,c for PHR reporting cannot be ensured to use the same Pcmax,f,c in physical layer: Ppowerclass-max(MPR, AMPR), where MPR and AMPR are specified for intra-band UL CA. 

Proposal 1: For NR intra-band contiguous and non-contiguous UL CA, the Pcmax,f,c for each CC is defined as the Pcmax using the MPR defined for single carrier.
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