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1. Introduction
Among the objectives of Rel-13 eD2D WI, the following multi-carrier D2D is a kind of leftover from Rel-12 D2D WI, especially for the communication part [1]: 
· Objectives of Rel-13 eD2D WI

· Enhance D2D discovery support in the presence of multiple carriers and PLMNs:

· Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].

· Define Tx and Rx RF requirements for D2D communication support in the presence of multiple carriers, including D2D transmission and reception in a non-serving carrier and/or secondary cell [RAN4].

Although the most remaining work on the transmission power in the multi-carrier D2D will be covered by RAN4, some RAN1 specification change is necessary because the D2D transmission power is calculated with no consideration of transmissions, including WAN UL, in other carriers in Rel-12. This contribution discusses the RAN1-related part of D2D transmission power in a multicarrier scenario.

2. Discussions
RAN1 reached the following agreements in Rel-12 on the D2D transmission power when D2D TX and WAN  UL TX take place at the same time in different carriers:

· Agreement in RAN1#78 meeting

· In D2D WI in Rel-12, no change in 36.213 to PC for cellular UL transmissions compared to Rel-11.

· Agreement in RAN1#79 meeting

· D2D transmission power is constant within a subframe with the exception of any power reduction applied to SD2DSS w.r.t. PD2DSS.

· Both SD2DSS symbols within a subframe are transmitted with the same power.
These agreements imply that, when the power limited case happens in the multi-carrier operations, i.e., when the sum of WAN UL TX power and D2D TX power exceeds the maximum supportable power, UE first allocates its power to WAN UL TX and the remaining power is used for D2D TX. We note that “the maximum supportable power” may be dependent of several factors like the allocated RBs and the band combination in the two carriers and it is our understanding that RAN4 will determine this maximum supportable power during Rel-13 eD2D WI.

Then, the remaining RAN1 work will be to specify the UE behavior in the power limited case. Here, in order to keep the constant power level in a D2D subframe, all the overlapping WAN UL subframes need to be taken into consideration in determining the D2D TX power. Details of this procedure were discussed in [2] and the content is reiterated in Appendix. 

3. Conclusion
This contribution discussed the issue on determining the sidelink transmission power in a multi-carrier case. It was proposed to specify in RAN1 specification the procedure of allocating RAN4-defined maximum supportable power first to WAN UL TX and then to D2D TX.
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Appendix
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.
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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: 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 Rel-12 D2D power control behavior.
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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).
[image: image4.emf]Subframe k

(sidelink transmission)

Subframe i

(UL transmission)

Carrier c

Carrier x

(x≠ c) 


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, 
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 should be calculated considering simultaneous transmissions of uplink and sidelink.
If 
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above, the sidelink transmission power should be reduced as follows:
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A sidelink subframe can overlap with multiple uplink subframes as shown in Figure 2. In this case, in order to keep the 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.
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