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1. Introduction
In RAN1#76bis meeting, an LS was sent to RAN2 [1] to ask RAN2 feedback on the following conditions:

	· A transmitting UE shall use Mode 2 if Z < X dBm or if no CRS is detected

· A transmitting UE shall use Mode 1 if Z >= Y dBm where Y>=X

where Z would be a defined DL power measurement based on CRS from the serving cell or the cell the UE is camping on, and X and Y could be pre-configured in the UEs and could be signaled by the eNB.


In RAN2#86 meeting, the following agreements on RRC_CONNECTED UE and IDLE UE are agreed:

	Agreements:
5
The eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool that may be used without constraints while the UE is RRC_CONNECTED. 

5a
Alternatively, the eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool which the UE is allowed to use only in exceptional cases and rely on mode-1 otherwise.

6
The eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE. 

6a
If the eNB does not provide mode-2 resources in SIB but indicates that D2D is supported, the UE needs to enter RRC_CONNECTED if it wants to perform ProSe Direct Communication transmission. 

10
The UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (exit condition… FFS).




In this contribution, we will discuss whether the eNB may provide mode-2 resources only for limited conditions in SIB, and provide the detailed conditions.
2. D2D transmissions scenarios
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Figure 1 D2D transmissions scenarios
As shown in Figure 1, when D2D UEs (e.g. UE1 & UE2) are close to eNB, the D2D transmission will bring strong interference to uplink transmission in WAN(e.g. UE0). To limit the interference on WAN, D2D power control are discussed in RAN1#76bis meeting  and close-loop power control is agreed for Mode 1 [2], open-loop power control is agreed for mode 2 [3]. However, open-loop power control is not expected to be reliable or efficient considering fast fading channel. Moreover, if alpha in open-loop power control mechanism is smaller than 1, cell center D2D UE will also introduce strong interference to uplink transmission in cell edge. Take a simplified example, assuming that transmission power of D2D UE is 
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and transmission power of WAN UE is 
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Where 
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is pathloss between eNB and D2D UE, 
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is pathloss between eNB and cellular UE. 

Then received power of D2D transmission at eNB is 
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and received power of WAN transmission at eNB is 


[image: image7.wmf]WAN

WAN

WAN

WAN

0,

WAN

r,

PL

PL

P

P

-

×

+

=

a

                                                   (4)

Then the difference of received power of D2D transmission and WAN transmission at eNB is
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Further assuming that 
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In WAN, alpha is typically smaller than 1, which is used to control the interference from cell edge UE to neighbor cell. According formula (6), it is observed that the received power difference of D2D transmission and WAN transmission at eNB depends on the path loss deference of D2D and WAN, which means that cell center D2D UE will introduce strong interference to uplink transmission in cell edge. 
According to (6), a cell center UE  (UE-eNB distance = 35 m) and a cell edge UE (UE-eNB distance = 350 m) may cause much different interference power to WAN side. Considering UMa NLoS case with 37log(d) and alpha = 0.8, the interference power difference is (1-0.8)*37 = 7.4 dB. For alpha = 0.6, the interference power difference is roughly (1-0.6)*37 = 15 dB. Therefore it is observed:

Observation:

· With open loop power control and fractional PL compensation, cell center D2D UE causes larger interference to WAN compared with cell edge D2D UE.

So it is suggested that when D2D UEs are close to eNB, mode 1 should be used to utilize close-loop power control and limit the interference on WAN.
As shown in Figure 1, when D2D UEs (e.g. UE3 & UE4 or UE5 & UE6) are far from eNB, the interference to uplink transmission in WAN(e.g. UE0) caused by D2D transmission is limited. Therefore, mode 2 could be used in this case.
Proposal: 
· When D2D UEs are close to eNB, only mode 1 can be used. When D2D UEs are far from eNB, mode 2 could be used.
3. Conditions to use mode 2 in IDLE

According to RAN2 agreement in the RAN2#86 meeting, the eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE. If the eNB does not provide mode-2 resources in SIB but indicates that D2D is supported, the UE needs to enter RRC_CONNECTED if it wants to perform ProSe Direct Communication transmission. In this agreement, a D2D UE in IDLE could use mode 2 when the UE is close to eNB if the eNB provides mode-2 resources in SIB, which may cause strong interference to uplink transmission in WAN. And if the eNB does not provide mode-2 resources in SIB, a D2D UE in IDLE could not use mode 2 and must enter RRC_CONNECTED when the UE is far from eNB, which may limit the flexibility of D2D communication and increase the load of cellular’s control channel.
Based on above discussion, we propose that a D2D transmitting UE in IDLE may use Mode 2 only if it is far from eNB, otherwise it should enter RRC_CONNECTED. If the UE enter RRC_CONNECTED, the eNB could configure the UE to use mode 1 when the UE is not in exceptional cases (i.e. agreement 5a in RAN2#86 meeting). 
The condition to decide if UE is far from eNB could be as follows:

If Z<X dBm, then the UE is far from eNB, where Z would be a defined DL power measurement based on CRS from the serving cell or the cell the UE is camping on, and X could be pre-configured in the UEs and could be signaled by the eNB. If X is signaled by the eNB, the pre-configured X should have lower priority. 
Otherwise, the UE is close to eNB. In such case, the UE shall not use mode 2 regardless if it is in IDLE or CONNECTED state. If such UE intends to transmit D2D signals, it has to perform mode 1 under CONNECTED mode (enter CONNECTED if it is in IDLE).
It should be noted that the measurement of Z or the configuration of X should not only consider received CRS power but also the transmitting power of eNB. For a pico eNB, although the received CRS power is small, the UL interference could be larger compared with macro eNB cases. One possible method to calculate X is shown in appendix. The UL interference issue in hetnet scenarios may need further study. 

Furthermore, we should mention that D2D UE may be configured with a small transmission power for interference restraint even when Z<X, which may result a reduced D2D communication performance in mode 2. In such case, the D2D UE could enter RRC_CONNECTED if the D2D communication in mode 2 has a poor performance.
Proposals:

· A D2D transmitting UE in IDLE shall not use Mode 2 when Z> X dBm
· where Z would be a defined DL power measurement based on CRS from the serving cell or the cell the UE is camping on
· X could be pre-configured in the UEs and could be signaled by the eNB. If X is signaled by the eNB, the pre-configured X should have lower priority.
· Z or X should properly consider the value of eNB Tx power
4. Conclusion
In this contribution, the discussed the D2D transmission scenarios, and it is observed that
Observation: 
· With open loop power control and fractional PL compensation, cell center D2D UE causes larger interference to WAN compared with cell edge D2D UE.

According the above observation and agreements in RAN2, we propose that
Proposals:

· When D2D UEs are close to eNB, only mode 1 can be used. When D2D UEs are far from eNB, mode 2 could be used.

· A D2D transmitting UE in IDLE shall not use Mode 2 when Z> X dBm
· where Z would be a defined DL power measurement based on CRS from the serving cell or the cell the UE is camping on
· X could be pre-configured in the UEs and could be signaled by the eNB. If X is signaled by the eNB, the pre-configured X should have lower priority.
· Z or X should properly consider the value of eNB Tx power
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Appendix: Calculation of X

Take a simplified example mentioned in section 2, we will discuss how to decide the value of X. Assuming that strong interference from D2D to WAN happens when 
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is an empirical value, then according to formula (5), we have
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If we define 
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 is the transmitting power of eNB then 
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So, we could define X as 
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Where 
[image: image19.wmf]1

D2D

<

a

，and 
[image: image20.wmf]WAN

PL

could be calculated by eNB according to the minimum RSRP reported by cellular UE.
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