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1. Introduction
In the previous meetings, there have been the following agreements as a result of discussion on D2D SA and Data power control. In this paper, remaining issues on power control in our perspective are addressed and relevant solutions are recommended as well.
Agreement (RAN1#78):

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

Agreement (RAN1#77): 

· For all UEs, 1-symbol gap is used in every D2D transmission subframe.

· UE drops the entire D2D transmission in subframe n if a D2D transmission without TA is scheduled in subframe n and a transmission with TA>1 symbol is scheduled in subframe n+1.

· FFS whether any special consideration is needed for “a transmission with TA > 1 symbol” when the WAN UL transmission is on a different carrier. 

2. Power control of SA and Data transmission
2.1. Configuration of power control parameters

In the previous meetings, there was a conclusion that TPC field in D2D grant is not used for instantaneous closed loop power control any more. To be specific, instead of legacy TPC usage, the 1-bit TPC field was agreed to be used only for the purpose of indication on whether to use OLPC operation or Maximum Transmit Power (MAP) operation for SA or Data transmission in D2D TX UE perspective. In case that OLPC operation is indicated by the 1-bit TPC field, UE will transmit SA and/or Data by utilizing OLPC parameters configured by RRC signals. 
One remaining issue to be decided is on whether OLPC parameters such P0 and alpha (α) are configured separately or commonly for SA and Data. In general, considering that characteristics of SA resource pools are quite different from that of Data resource pools in terms of the transmission timing (e.g., DL timing for SA but UL timing for Mode 1 data), the target BLER, and so on, so it would be better to configure open loop power control parameters for SA and Data transmission separately. On the other hand, in case that maximum available power transmission is indicated by D2D grant in Mode 1, UE just transmits both SA and/or Data with maximum available power. 
The aforementioned concept of independent setting of OLPC parameters for SA and Data can be extended to multiple resource pools which are agreed as follows in the last meeting. It is possible to configure different setting of OLPC parameters to different resource pools given that the characteristics of resource pools, e.g., target range differs from each other. In other word, power control parameter setting of one resource pool is independent of that of other resource pool.

Agreement(RAN1#78):

· From the UE perspective, at any given time instant, up to 4 discovery transmission pools can be independently configured, each of which may be configured for either of the discovery types

· From the UE perspective, at any given time instant, up to 4 mode 2 SA transmission pools can be available for selection at L1 

· From the UE perspective, at any given time instant, up to 4 mode 2 data transmission pools can be available for selection at L1 

· Note that there is a 1:1 association between an SA pool and a data pool, which is (pre-)configured for the receiver. 

· The UE shall not expect to be (pre-) configured with SA pools which overlap. 

Proposal 1: Open loop power control parameters for SA and Data transmission are configured separately
2.2. SA/Data transmission with relevant TPC indication
In the perspective of resource pool, when a UE receives a D2D grant in subframe n, it transmits SA in SA resource pool in subframe n+k where k is the smallest integer larger than or equal to 4 such that subframe n+k is a subframe in which the UE is supposed to transmit the updated SA by D2D grant. If k is 3, then SA will be transmitted in the next SA resource pool. In short, minimum time between D2D Grant reception and SA transmission resource pool should be specified.
Based on abovementioned rule, the second D2D grant between SA resource pools cycle can be arrived after reception of the first D2D grant while Data transmission will be still performed by the SA already sent in the previous SA resource pool as per the first D2D grant. Even though the second D2D grant including different contents such as change of TPC bit (e.g. indicating switch to maximum transmit power) is arrived, its changed contents cannot affect the transmission of in-between Data transmissions before next SA resource pool. However ignoring TPC indication can cause some problem. If an emergency situation happens and maximum power operation is necessary, delaying the TPC indication would disable fast power-mode transition which was the intention of utilizing the TPC field in the D2D grant. If the network wants to operate the normal OLPC-based D2D transmissions, delaying the TPC indication would cause unnecessary interference to other D2D links as well as WAN UL signals. Therefore taking into account instantaneous time-varying interference characteristic or emergency/urgent case and etc, TPC indication should be able to apply immediately to SA/Data transmission in (n+4)-th subframe after reception of any D2D grant. 

Proposal 2: TPC of a D2D grant received in SF #n applies from SF #n+4 until a new D2D grant is received.
2.3. Handling the power-limited case in multiple carriers

Apart from power control in single carrier, there are different issues on D2D power control to be tackled in case of simultaneous transmission over two carriers. One of them is to handle problem in power limited case when both WAN and D2D transmission from different carriers occur at the same subframe timing with or without timing jitter. Feasibility of the simultaneous D2D and WAN TX is discussed in [1], and we note that this power limited case happens only when the UE supports such simultaneous transmissions in the two carriers. Figure 1 show potential power limited case due to simultaneous transmission of WAN and D2D from two carriers. That is the case that sum of WAN TX power at CC1 and D2D TX power at CC2 exceeds the maximum transmission power of this UE. Therefore it is necessary to define UE operational procedure in this case. One of possible solutions would be to reduce D2D transmission power at CC2 in case of transmission power limitation. As a specific example, transmission power reduction can be applied only to the overlapped time duration, for example, if the overlapped time duration is relatively small. Such power reduction only in overlapped time duration has the benefit of maintaining ongoing D2D transmission power to the same level as much as possible, but as a reverse effect it requires additional transient period for changing power which may cause other UE’s implementation issues as well as interference with other channels. Alternatively, transmission power reduction to the whole D2D subframe can be considered. in that case its transmission power is adjusted to a certain constant level of power considering total power constraint and its sharing among carriers during the whole subframe time. This is in line with the subframe-level D2D dropping operation of the agreement quoted in Section 1 and specifically has the benefit in return that no power transition within a subframe is required. Considering the implementation impact and the consistency of the subframe-level D2D operations, power reduction/adjustment over whole subframe time duration seem to be natural as a baseline when the power-limited case occurs. On top of that, the power reduction during a part of subframe time can be considered when the portion of overlapped time duration is marginal like the case of multiple TAGs in Rel-11 UL CA.
As another issue in such power limited case, there can be the case when the power difference between WAN TX and D2D TX is too large. That is, D2D transmission power level after intentional power reduction could become too small to transmit D2D signal together with high power WAN signal. This power difference can be discussed and defined in RAN4 after considering performance testing and/or implementation feasibility issue. 
Proposal 3: In case of potential power limited case due to simultaneous transmission of WAN and D2D from two carriers, appropriate transmission power control mechanism is required, i.e. D2D transmission power reduction is applied to the whole subframe time duration.

Proposal 4: Further discussion on allowable transmission power gap between WAN and D2D transmission is needed in view points of D2D power reduction.
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Figure 1: Potential power limited scenario due to overlapped transmission from two carriers
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Figure 2: D2D transmission with power reduction due to TX power limitation
2.4. Determining the maximum transmission power for D2D
In order to apply the OLPC formula to D2D transmission power, the term Pc,max needs to be defined. Considering the difference between the required coverage of various D2D applications, it is desirable to set Pc,max based on the target service of the D2D signals/channels. To be specific, it was discussed how to relate the authorized discovery range with the transmission power and the following was captured in the RAN1 LS [2]:


[image: image3]
From this RAN1 answer, Pc,max can be a component of “combinations of radio parameters” which is configured by RRC signalling. For the mapping between the provisioned range class and the Pc,max value, we can consider the following two options:

· Option 1: Pc,max is configured per discovery range class by RRC signalling. Each UE selects the discovery resource pool from the provisioned range class and uses {P0, alpha} associated with the selected pool.

· Option 2: Pc,max is configured per discovery resource pool as a part of the resource pool configuration. Each UE selects the discovery resource pool from the provisioned range class and uses {P0, alpha, Pc,max} associated with the selected pool.

Difference between the two options appears when the eNB configures different range classes to use the same resource pool, i.e., some of the three range classes coexist in a single pool due to the limitation in the number of configured discovery pools. In such a case, in Option 1, discovery messages with different range classes will use different Pc,max while using common P0 and alpha. In Option 2, all the messages will use the same Pc,max. Considering the fact that at most 4 discovery resource pools can be configured for transmission and some of them need to be used for the other purposes like PS/non-PS separation and RSRP-based transmission UE separation, it seems desirable to take Option 1 such that the provisioned range classes can be differentiated even within a single resource pool.
Proposal 5: For discovery, Pc,max is configured per discovery range class by RRC signaling.
3. Conclusion
Proposal 1: Open loop power control parameters for SA and Data transmission are configured separately
Proposal 2: TPC of a D2D grant received in SF #n applies from the SA or data transmission that appears after SF #n+3.
Proposal 3: In case of potential power limited case due to simultaneous transmission of WAN and D2D from two carriers, appropriate transmission power control mechanism is required, i.e. D2D transmission power reduction is applied to the whole subframe time duration.
Proposal 4: Further discussion on allowable transmission power gap between WAN and D2D transmission is needed in view points of D2D power reduction.
Proposal 5: For discovery, Pc,max is configured per discovery range class by RRC signaling.
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[RAN1 answer]:





RAN1 confirms that one of several possible ways to affect the authorized discovery range consists of adjusting parameters associated to power control.


RAN1 notes that RAN1 has agreed to control power of discovery transmissions, thus requiring UEs to transmit at lower powers if configured by the network in order to limit interference. This lower power will depend on the power control parameters configured by the eNodeB, and may also depend on the proximity of the transmitting UE to an eNodeB. The choice of power control parameters may depend on several implementation-specific aspects in the eNodeB as well as on the deployment, and it is thus not possible to provide typical parameters associated to short, medium and long discovery ranges.





Hence, RAN1 recommends that only the values of long, medium and short range classes are used for provisioning purposes. These values are mapped by E-UTRAN to combinations of radio parameters (e.g. power control parameters P0,alpha) via RRC signaling so that they can be configurable by the operator and related to the classes provisioned by authorisation function. The UE can derive the transmit power based on the provisioned range class and configured radio parameters
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