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1 Introduction

After the RAN1#59bis meeting there are some issues open for power control in carrier aggregation. In this paper, we provide analysis and our preference on power headroom reporting, pathloss offset and multiple downlink grants.
2 Discussion
2.1 Power headroom reporting
In RAN1 #59bis meeting, PHR has been discussed in many contributions [2]~[5].The main issue needs to be addressed is whether individual or combined PUCCH/PUSCH power headroom should be reported by a UE to the eNB for a uplink CC in case of concurrent PUSCH/PUCCH transmission. There are two possible PHR reporting methods including combined PHR where
PHRcombined = Pcmax - PPUSCH(i) - PPUCCH(i)












(1)

or PHR of PUSCH and PUCCH individually
PHRPUSCH = Pcmax - PPUSCH(i)














(2)

PHRPUSCH = Pcmax - PPUCCH(i)














(3)

Here we compare the combined PHR and the individual PHR.
· Feedback opportunities
The combined PHR can be reported for any uplink subframe with PUSCH transmission. For individual PHR, PUSCH PH can always be reported while PUCCH PH can only be reported when PUCCH is transmitted with PUSCH simultaneously. Therefore, even if individual PHR is used, a lot of the time only PUSCH PH may be reported. In addition, UCI may be multiplexed within PUSCH resource and hence only PH for PUSCH is needed.
· Overhead 

Compared to individual PH reporting method, the combined PH reporting has smaller overhead.

· Link adaptation usage

Since the PH is mainly used for uplink link adaptation, i.e. to assist the network in the selection of a combination of MCS and resource size M that does not lead to the mobile terminal being power limited, the key is whether the PHR(s) provides enough information for eNB to do accurate link adaptation for both PUSCH only transmissions as well as PUSCH/PUCCH simultaneous transmissions. 
Though a single combined PH may only be used for accurate link adaptation of the same transmission situation (PUSCH or PUSCH/PUCCH), multiple combined PHs may be reported for different transmission situations if needed for accurate link adaptation.
Proposal 1: Single PHR per CC based on accumulated transmitted power is used.
2.2 Pathloss offset
When the measured DL pathloss is used for UL PC of several UL CCs in different frequency bands, whether an offset should be introduced explicitly to compensate this pathloss difference or handled by existing PC parameters has been discussed.
In our understanding, this pathloss offset can be included in the parameter Po. However we should check whether the range of Po is enough or not.
As defined in the current specification, the range of P_0_nominal_pusch is [-126, 24] dB and the range of P_0_ue_pusch is [-8, 7] dB. 
For the carrier aggregation scenarios the operators proposed in [7], the following scenario has the largest frequency separation between DL CC and UL CC. 
· 40 MHz UL/DL: 20 MHz CC (Band 7) + 20 MHz CC (Band 20)

Table 5.2.1-1 E-UTRA operating bands [8]
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	20
	832 MHz
	
	862 MHz
	791 MHz
	
	821 MHz
	FDD


At this point, it is difficult to determine the actual deployment scenarios, specifically the CC allocation in these two bands. We assume the bandwidth of DL CC with highest frequency and the bandwidth of UL CC with lowest frequency are 20MHz and 10MHz respectively. Then the center frequency of DL CC is 2690-0.5*20 = 2680MHz and the center frequency of UL CC is 862-0.5*10 = 857MHz., The path loss difference between DL CC and UL CC in different propagation scenarios are listed in Table 1
Table 1 PL difference between DL CC and UL CC

	
	PL Difference between DL CC and UL CC

	Rural Macro
	9.9 dB

	Urban Macro
	

	LoS
	d < dBP
	9.9 dB

	
	d > dBP
	1 dB

	NLos
	9.9 dB

	Indoor Hot-spot
	9.9 dB


In 3GPP case1 and case 3, the pathloss formula is
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(4)
So the PL difference between DL CC and UL CC in 3GPP case1 and case 3 is 
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(5)
From Table 1 and formula (5), it can be seen the maximum pathloss difference between DL CC and UL CC is about 9.9dB~10.4dB. For the sake of simplification, we assume the maximum difference is 10dB. If this pathloss offset is included in the P_0 parameter, the range of P_0_nominal_pusch will be extended from [-126, 24] dB to [-136, 24] dB.
Although the path loss difference may potentially increase the maximum or minimum values of P_0, the typical values of P_0 used in the actual systems and simulations is actually between [-106, -50] dB. Therefore, it is not necessary to introduce a new parameter to count for the path loss difference.
Proposal 2: The path loss difference should be included within the existing power control parameters.
2.3 Multiple downlink grants
In the case of asymmetric UL/DL CC configuration, multiple DL grants may be received at the UE where multiple TPCs of the DL grants may apply to a single UL CC. Although combining the TPC values may increase the power control step size, it could also potential reduce the reliability of power control and add additional complexity. Therefore, we propose to use one of the TPCs within these multiple DL grants to indicate the TPC command for a single UL CC. Re-use of redundant TPC bits for other purpose is FFS.

Proposal 3:  One TPC is enough to indicate the TPC command for a single UL CC.
3 Proposals
Based on the analysis given in Section 2, we have the following proposals:

Proposal 1: Single PHR per CC based on accumulated transmitted power is used.
Proposal 2: The path loss difference should be included within the existing power control parameters.

Proposal 3: One TPC is enough to indicate the TPC command for a single UL CC.
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