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1
Introduction
D2D induced interference and the corresponding need to introduce mechanisms to protect cellular traffic from it were considered in RAN1#76bis. In this contribution, we discuss motivation for such protection mechanisms, and present our preference.
2
Discussion
Rel-12 D2D is targeted to be applicable to a large variety of use cases with specific requirements as well as network deployments. Additionally, further requirements from actual real life D2D usage and network conditions are currently unknown. Hence, Rel-12 D2D design needs to be flexible. Network should have sufficient configuration freedom to adapt D2D operation to the real life conditions faced in that particular deployment and use case. Configuration options for the eNB should not be unnecessarily restricted.
In RAN1#76bis [1], it was agreed that the CP lengths for transmitted D2D signals and cellular uplink traffic are independently configured for in-coverage UEs. This is sensible decision, as UL CP is set mainly according to the delay spread of the UL signals while CP of discovery signals is mainly determined by the desired D2D range. Also timing advance of D2D has been discussed in the past 3GPP meetings. The reached working assumptions for discovery signals [2] can be summarised as follows: timing advance of 0 or 624Ts will be applied in all cases. Only exception is that, if Type 2B will be available only for UEs with valid UL TA, it is FFS if UL TA will be applied for Type 2B. 

Hence, it is clear that D2D PUSCH causes interference to cellular traffic due to mismatch on CP lengths and transmission timings as well as due to in-band emissions [2] when D2D and cellular uplink traffic, like PUCCH, are FDMed, as discussed in several contributions [3]-[8]. In some scenarios, the interference is tolerable, or D2D operation is prioritized so that penalties on cellular traffic can be accepted. However, in some scenarios, D2D interference to cellular uplink can be considerable while it is preferred to protect cellular traffic and penalize D2D operation. Due to the variety as well as uncertainty of real life conditions for D2D operation, it is reasonable to provide network with sufficient tools, or mechanisms, to protect cellular traffic from D2D interference and which can be configured according to the actual needs. 
Observation #1: Depending on use cases and deployment scenarios, it may be preferable to network either to accept losses on cellular or on D2D operation. 

Observation #2: Network should be provided with configurable tools to protect cellular traffic over D2D operation, if so preferred in the use case. 
As first steps towards this direction, it was agreed in RAN1#76bis that eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH for D2D communication mode 1. Further, in RAN2#85, configurability of D2D communication modes was agreed as clarified in [10], hence providing another cellular traffic protection mechanism:  

A UE is considered in-coverage if it has a serving cell (i.e. the UE is RRC_CONNECTED or is camping on a cell in RRC_IDLE). The following rules apply for the UE:

-
If the UE is out of coverage it can only use mode 2.

-
If the UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

-
If the UE is in coverage it may use mode 1 if the eNB configures it accordingly.  

-
If the UE is in coverage it shall use only the mode indicated by eNB configuration unless one of the exceptional cases occurs. When an exceptional case occurs the UE is allowed to use mode 2 temporarily even though it was configured to use mode 1.

Editor’s Note: Criteria for the exceptional cases are FFS (e.g. if UE fails to establish an RRC Connection). RAN2 intends to define the exceptional cases rather than an edge-of-coverage “state”. 

Editor’s Note: How resource allocation mode is configured and changed is FFS.
However, introduction of further cellular protection mechanisms applicable for D2D discovery signals and D2D communication mode 2 are preferred. Providing possibility to apply a cellular protection mechanism, e.g. like TPC, also on D2D communication mode 2 can reduce the need to configure an in-coverage UE to mode 1 and allow for increased usage of mode 2 also in in-coverage situations. With increased use of mode 2, UE is less likely required to establish RRC Connection just for the sake of D2D communications (in mode 1). Several mechanisms for cellular traffic protection have been presented in [4]-[7], [9]. The presented mechanisms include e.g. introduction of guard band between PRBs allocated for D2D and cellular uplink traffic, as well as distance or RSRP dependent restrictions on resource selection. However, it is unclear how effective these methods actually are in the protection of cellular traffic, and how much further benefits they provide over eNB implementation based solutions. 
On other hand, power control applied on in-coverage D2D transmissions can effectively mitigate the interference caused to cellular uplink, although at a price of significant impact on D2D transmission coverage. However, each of D2D communication modes and discovery types can have quite different priorities. Hence, it is important to leave the application of power control to be separately configurable for D2D communication mode 2 as well as for both discovery types, to allow for network to properly prioritise between cellular traffic and different D2D transmission types. Equally, power control parameters should also be separately configurable for each of D2D communication modes and discovery types.
A simplified form of the current LTE PUSCH power control formula, 
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provides a good base to define D2D power control, especially when the configuration of PC parameters is cell-specific instead of UE-specific configuration. It supports open loop power control with 
[image: image2.wmf])

(

2

i

f

D

D

 fixed to a default value of 0, which provides natural dependency on the downlink pathloss estimate towards eNB and is applicable also for in-coverage UEs in RRC Idle mode. Cell-specifically configured fixed D2D transmission power can also be supported with specification of suitable values configurable for 
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 depending on closed loop TPC commands provides support for eNB control on D2D communication mode 1 transmission power via PDCCH/EPDDCH. In short, LTE power control formula provides a unified formula that can be used for all D2D transmissions; it supports CL TPC for D2D communication mode 1 and OL TPC for D2D communication mode 2 in the in-coverage situations as well as for both discovery types. 
LTE power control formula provides proven power control functionality. When it is combined with an appropriate configuration of D2D transmission resources and modes/types, one can expect that to provide a powerful and flexible tool for protection of cellular uplink traffic, e.g., on PUCCH. There should be a solid need with thorough justification for any further optimisation of LTE power control formula. 

Proposal #1: Support open loop transmission power control for D2D communication mode 2 in the in-coverage situations and for both discovery types, in addition to the already agreed closed loop transmission power control for D2D communication mode 1.

Proposal #2: Deploy a common D2D power control framework similar to PUSCH TPC for both D2D communication modes in case of in-coverage situations as well as for both discovery types, where

· The eNB can configure the power control parameters Po and alpha separately for both D2D communication modes as well as for both discovery types
· The closed loop power control adjustment 
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 is only valid for D2D communication mode 1 and is set to 0 for D2D communication mode 2 for in-coverage situations as well as for both discovery types.
3
Conclusion
In this contribution, we discussed the need for mechanisms protecting cellular traffic from D2D interference and considered suitable mechanisms. We made following observations and proposals:

Observation #1: Depending on use cases and deployment scenarios, it may be preferable to network either to accept losses on cellular or on D2D operation. 

Observation #2: Network should be provided with configurable tools to protect cellular traffic over D2D operation, if so preferred in the use case. 
Proposal #1: Support open loop transmission power control for D2D communication mode 2 in the in-coverage situations and for both discovery types, in addition to the already agreed closed loop transmission power control for D2D communication mode 1.

Proposal #2: Deploy a common D2D power control framework similar to PUSCH TPC for both D2D communication modes in case of in-coverage situations as well as for both discovery types, where

· The eNB can configure the power control parameters Po and alpha separately for both D2D communication modes as well as for both discovery types
· The closed loop power control adjustment 
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 is only valid for D2D communication mode 1 and is set to 0 for D2D communication mode 2 for in-coverage situations as well as for both discovery types.
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