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1. Introduction
As discussed in the companion paper [1], there are a couple of remaining issues in determining the D2D transmission power including definition of the maximum power and handling the multi-carrier case. This contribution provides detailed discussions on the issues.
2. Discussions
2.1. Definition of the maximum power
Currently, the transmission power of each sidelink channel and signal is determined as the minimum between the maximum power and the output based on open-loop power control. Taking Mode 2 PSSCH as an example, Section 14.2.1.3 in [2] is saying “the UE transmit power 
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value determined by the UE for the uplink subframe corresponding to the sidelink subframe in which the PSSCH is transmitted and 
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is the bandwidth of the PSSCH resource assignment expressed in number of resource blocks and 
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value as defined in subclause 5.1.1.1.” 
Here, the parameter 
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 is determined by Sections 6.2.5 and 6.2.5A in [3] using several parameters, and one of them is 
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 which is the value given to IE P-Max defined in SIB1. According to CR to 36.331 in [4], RAN2 specified some parameters for the configuration of the maximum power of D2D. To be specific, there are
· discMaxTxPower in ProseDiscTxPowerInfo IE for discovery, and
· maxTxPower in ProsePreconfiguration IE for communication out of coverage.
In order to complete the UE procedure to determine the sidelink transmission power, further agreement is necessary on how to define 
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 for each sidelink channel/signal given that RAN2 provided some related configurations.
The straightforward way would be setting the configurable parameter 
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to the value given by the parameter of the related sidelink transmissions. As discussed above, in calculating  
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 for PSDCH, 
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 is set to the value indicated by discMaxTxPower in ProseDiscTxPowerInfo IE. Also, in calculating 
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 for PSCCH and PSSCH out of network coverage, 
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 is set to the value indicated by maxTxPower in ProsePreconfiguration IE. As there is no configuration for communication in coverage, the existing parameter P-Max can be reused.
The remaining issue is how to define the maximum power of SLSS and PSBCH. As no specific parameter can be configured for this purpose, the parameters used for other sidelink channels need to be reused. In doing this, it will be reasonable that SLSS/PSBCH transmission parameter is the same as the sidelink channel which has triggered the SLSS/PSBCH transmission in the sense that the coverage of SLSS/PSBCH is similar to that of the associated sidelink channel. Otherwise, there can be discrepancy between the coverage of SLSS/PSBCH and the relevant sidelink channel; for example, if SLSS/PSBCH always uses P-Max defined in SIB1, the coverage of SLSS will be the bottleneck of discovery when the network supporting only discovery wants to limit the maximum power of PUSCH in consideration of inter-cell interference. 

It is noteworthy that SLSS/PSBCH transmission in a subframe can be triggered simultaneously by communication and discovery when an in-coverage UE is transmitting both of them. The following two options can be considered in this case:

· Option 1: The maximum between discMaxTxPower and P-Max is taken. This can be beneficial in that the SLSS/PSBCH covers the coverage of both discovery and communication. However, it may cause the problem of S-RSRP fluctuation because a single UE can change its maximum power parameter for PSBCH in a SLSS subframe associated with the discovery resource pool in which the UE transmits discovery.

· Option 2: P-Max is taken. This can avoid the S-RSRP fluctuation problem of Option 1.

Comparing these two options, Option 2 can be a better choice at least for Rel-12 because of the lack of time to assess the S-RSRP fluctuation problem. If the problem of discrepancy between the coverage of PSDCH and SLSS/PSBCH needs to be solved, the network may handle it by a proper implementation, e.g., by increasing P-Max in consideration of the D2D communication coverage and the maximum power of PUSCH. This leads to the following proposal:
Proposal 1: The maximum power of sidelink transmission is the 
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	Maximum power
	Condition
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	Out-coverage 
	maxTxPower in ProsePreconfiguration IE

	
	In-coverage
	P-Max in SIB1
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	In-coverage
	discMaxTxPower in ProseDiscTxPowerInfo IE
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	Out-coverage
	maxTxPower in ProsePreconfiguration IE

	
	In-coverage and triggered for communication
	P-Max in SIB1

	
	Otherwise
	discMaxTxPower in ProseDiscTxPowerInfo IE


Here, “triggered for communication” means that the SLSS/PSBCH transmission in the subframe is triggered because
· The UE is capable of communication and the eNB instructed to transmit SLSS/PSBCH by dedicated signalling, or

· The RSRP of the serving cell is less than the threshold configured for SLSS/PSBCH transmission, and the UE transmits PSCCH or PSSCH in a PSCCH period which includes the subframe for the SLSS/PSBCH transmission.
2.2. The power limited case in multi-carrier operations
As mentioned in [1], if the power limited case happens in the multi-carrier operations, WAN UL transmission power is not affected and D2D transmission power should be reduced keeping the constant power level in a sidelink subframe. So, we can reuse the power reduction principle defined for prioritization of PUCCH over PUSCH in CA case. In other words, the UE first calculates the transmit power of each channel, and the UE reduces the D2D transmission power if the sum of the transmit power exceeds the maximum supportable power. Here, we can focus on the case where D2D transmission occurs only in a single carrier as it was already agreed “In case of a UE capable of transmission on multiple carriers, sidelink transmission may only occur on a single carrier frequency at a given time.”
For the ease of explanation, we use the following notations:

· 
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: Sum of the uplink transmission power in uplink subframe i in carriers other than c according to the existing WAN UL power control (linear scale). We note that this is calculated without considering sidelink transmissions in carrier c.
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[image: image24.wmf])

(

ˆ

,

k

P

c

SL

: Outcome of sidelink transmission power control in sidelink subframe k in carrier c assuming no time-overlapping uplink transmission in carriers other than c (linear scale). We note that is simply derived from the power control formula in [2] by applying the configuration parameters as discussed in Section 2.1.
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: Power available for the sidelink transmission in sidelink subframe k in carrier c when overlapping in time with uplink transmission in uplink subframe i (linear scale).
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Figure 1. Sidelink subframe k overlapping with uplink subframe i in different carriers.
Now let’s assume that the sidelink transmission in sidelink subframe k overlaps in time with uplink transmission in uplink subframe i as shown in Figure 1. If 
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 is less than the maximum supportable power 
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 (linear scale), transmission in each carrier is not affected and no further power reduction is necessary. Here, 
[image: image29.wmf])

,

(

ˆ

CMAX

i

k

P

 should be calculated considering simultaneous transmissions of uplink and sidelink, i.e., by assuming that the sidelink transmission is PUSCH transmission having the same parameters such as band combination, modulation, resource allocation, and so on.

If 
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above, the sidelink transmission power should be reduced as follows:
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 with a scaling factor 
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A sidelink subframe can overlap with multiple uplink subframes as shown in Figure 2. In this case, in order to implement the agreement of constant sidelink transmission power, the UE calculates 
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 for all the uplink subframes that overlap with sidelink subframe k, and then it takes the minimum among them. This means that the final sidelink transmission power is given by 
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Figure 2. Sidelink subframe k overlapping with uplink subframes i and i+1 in different carriers.
Proposal 2: In case where sidelink transmission overlaps in time with uplink transmission in a different carrier, 
· the transmit power of each carrier is first calculated independently, and
· the sidelink transmission power is reduced if the sum power is greater than the maximum supportable power
· Here the maximum supportable power is calculated by applying the existing simultaneous uplink transmissions in different carriers treating sidelink transmission as uplink transmission with the same parameters.
3. Conclusion
This contribution discussed some remaining issues on the sidelink transmission power. The following proposals were made to conclude the discussed issues:
Proposal 1: The maximum power of sidelink transmission is the 
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	Maximum power
	Condition
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	Out-coverage 
	maxTxPower in ProsePreconfiguration IE

	
	In-coverage
	P-Max in SIB1
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	In-coverage
	discMaxTxPower in ProseDiscTxPowerInfo IE
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	Out-coverage
	maxTxPower in ProsePreconfiguration IE

	
	In-coverage and triggered for communication
	P-Max in SIB1

	
	Otherwise
	discMaxTxPower in ProseDiscTxPowerInfo IE


Proposal 2: In case where sidelink transmission overlaps in time with uplink transmission in a different carrier, 

· the transmit power of each carrier is first calculated independently, and
· the sidelink transmission power is reduced if the sum power is greater than the maximum supportable power
· Here the maximum supportable power is calculated by applying the existing simultaneous uplink transmissions in different carriers treating sidelink transmission as uplink transmission with the same parameters.
If RAN1 reaches agreements on these issues, it is also proposed to send an LS to RAN4 to inform them.
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� This discussion assumes a subframe-wise SLSS triggering condition change which is in line with the existing agreement in our view. For example, both communication and discovery trigger SLSS transmission in a subframe (e.g., in a subframe which is the first subframe of the discovery transmission resource pool and is also inside the SA period of the communication transmission), but only communication triggers SLSS transmission after 40 ms. A slower change of SLSS triggering condition could be considered to mitigate the S-RSRP fluctuation, but it is not sure how to introduce such feature on top of the existing agreement.
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