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1 Introduction

RAN2 has agreed [2] to support idle mode Tx and Rx (for discovery):

“It is possible for UEs to receive D2D discovery message while being IDLE and CONNECTED.”

“If the UE cannot interpret (in AS or higher layers) the received D2D discovery message it may or may not establish an RRC Connection in order to verify the content e.g. with an application server. “
“Transmission of discovery messages should be supported in IDLE mode and in Connected mode. In both modes the UE needs to be allowed by the NW to transmit these messages. The NW needs to be in control of the resources and transmission mode (CONNECTED and/or IDLE) that the UEs may use to transmit Discovery signals. The details (Type 1 or Type2; SIB or dedicated) are FFS.”
Further, in the draft agenda for RAN2#84 one of the proposed open issues is:
“In-LTE-coverage: Does a UE need to establish an RRC Connection to the eNB? Or can it also remain IDLE? If so, why?”
In this contribution we provide pros and cons for D2D communication in different RRC states. RRC states only apply for UEs within coverage.
2 Discussion
Whether UEs should be RRC_IDLE or RRC_CONNECTED is very much related to resource consumption, e.g. signalling and UE battery. In the WI eDDA [1] there were lengthy discussions on why and when the UE should remain in RRC_CONNECTED. Some rule of thumb was agreed saying that UEs that don’t move very much should remain connected while UEs that move, i.e. are subject to mobility procedures, should be RRC_IDLE. This since the power consumption for an RRC_CONNECTED UE with sufficiently long DRX is on par with the power consumption for an RRC_IDLE UE. 
The above conclusions should be kept in mind in the current discussion as well. What are the motivations for the UE to be RRC_IDLE? For public safety communication there seems to be little reason for the UE to be RRC_IDLE since there may be intermittent communications throughout a rescue operation. Looking at the commercial case, i.e. discovery, there could be reason for providing discovery in RRC_IDLE as a potential use case is to be discovered when users are walking around in, e.g., a shopping mall, without actively using the phone.
2.1 Idle mode communication

Allowing reception by RRC_IDLE UEs is probably acceptable. Already in current releases of LTE, UEs are allowed to receive eMBMS broadcasts. One prerequisite of such reception is that the UE is synchronized with the transmitter. Since the UEs are within coverage, the transmitter has DL timing (at least). Allowing transmission by RRC_IDLE UEs means that the resources to use need to be known to the UEs. We see three possible schemes to achieve this:

1) 
The resources to use are pre-configured.

2)
The resources to use are broadcasted using SIBs.

3)
The resources to use are sent using dedicated signalling in RRC_CONNECTED, which then has some limited validity when the UE goes to RRC_IDLE.

Regardless of which scheme is selected, there needs to be some type of contention control in place to avoid collisions on the resources used for D2D communication. Contention control is discussed in [3]. Because the eNB cannot control transmissions in RRC_IDLE, it is of importance to analyse these schemes based on their impact on legacy LTE communication. Scheme 1 results in a very static allocation where basically no resources can be shared between D2D communication and legacy LTE communication. Scheme 2 would increase the flexibility somewhat, but changes to the resource allocation between D2D communication and Legacy LTE communication cannot be done faster than System Information updates. Scheme 3 is the most flexible of the three schemes, but has the downside of requiring the most amount of signalling. Also, if the UEs anyway need to connect to learn which resources to use, they might as well stay in RRC_CONNECTED for the actual transmission too.
Allowing both transmission and reception by RRC_IDLE UEs may affect the design of e.g. the Cyclic Prefix. It is likely that the timing difference between the transmitter and receiver would potentially require a larger Cyclic Prefix, i.e., something that could affect the orthogonality of legacy cellular UL communication.

If the transmitting UE is allocated some semi-static resource (when the UE is RRC_CONNECTED) this resource is valid until the UE moves to another cell. Some procedure is needed to redistribute the resource if the UE moves to a different cell. Also, at that point the UE would have to become RRC_CONNECTED again in the new cell to receive information on the resource to use in the new cell. Having to switch RRC state during HO reduces the gain of being RRC_IDLE.
A possible solution for D2D transmissions from RRC_IDLE UEs is to allocate dedicated spectrum for D2D, i.e. like a separate carrier. With such dedicated spectrum D2D and legacy LTE traffic will not interfere with each other (similar to the coexistence of WiFi and LTE). With dedicated spectrum RRC state is not applicable to D2D communication, i.e. similar to D2D communication out of coverage. 

Allowing transmission by RRC_IDLE UEs would make it difficult to avoid collisions between D2D transmissions and transmissions of LTE UL data, i.e. to avoid the case that a UE is scheduled to transmit LTE UL data when it is transmitting D2D data. In this case, some coordination between UE and eNB will be needed, i.e. UE must be in RRC_CONNECTED state to exchange such information with the eNB.

Observation 1 Reception of D2D communication by RRC_IDLE UEs within network coverage is acceptable, at least for UEs in sync with the transmitter.

Observation 2 Transmission of D2D communication by RRC_IDLE UEs within network coverage needs to be contention based.
Observation 3 D2D communication in RRC_IDLE may require redesign of the Cyclic Prefix to maintain orthogonality.

2.2 Connected communication

When transmitting UEs are in RRC_CONNECTED mode communication a contention free access scheme can be used if there is some signalling of resources from the transmitter to/from the eNB. Hence, allowing the eNB to control the D2D transmissions makes it much easier to alleviate inter-RB interference. Of particular importance is the fact that the eNB controls all legacy communication and therefor knows what part of the resource that is free to use for, e.g. D2D transmission. Even in this case there needs to be some pre-configuration so that UEs that are out of coverage or RRC_IDLE know on what part of the resource to expect transmissions. Even if resources for D2D transmissions are not scheduled dynamically, as for legacy UL communication, the eNB can make changes based on, e.g. the number of ProSe enabled UEs in the cell. 

RRC_CONNECTED receiving UEs are synchronized. Even if the UE lacks TA, the UE most likely has DL timing. Synchronization is required for reception of any transmission. Since D2D broadcast communication probably occupies more resources in time (e.g., ~50% for VoIP) than in frequency (e.g., 1 RB narrowband), FDM may be needed to reach very high capacity. 
Proposal 1 A UE in coverage of an eNB needs to be RRC_CONNECTED in order to transmit D2D Communication data. This ensures efficient use of resources, both system resources and UE power consumption.
3 Conclusion
In this contribution we discuss pros and cons with different RRC states for UE involved in D2D communications within network coverage. Reception of D2D broadcasts should work fairly well in RRC_IDLE. For transmissions to work well from RRC_IDLE UEs there should be dedicated spectrum. Otherwise, the risk for collisions is large. 
In section 2 we made the following observations:
Observation 1
Reception of D2D communication by RRC_IDLE UEs within network coverage is acceptable, at least for UEs in sync with the transmitter.
Observation 2
Transmission of D2D communication by RRC_IDLE UEs within network coverage needs to be contention based.
Observation 3
D2D communication in RRC_IDLE may require redesign of the Cyclic Prefix to maintain orthogonality.


Based on the discussion in section 2 we propose the following:
Proposal 1
A UE in coverage of an eNB need to be RRC_CONNECTED in order to transmit D2D Communication data. This ensures efficient use of resources, both system resources and UE power consumption.
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