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1 Introduction
In this contribution, we provide some high-level background for D2D operation and also discuss its potential impact on RRM requirements.

2 Background on D2D
The D2D work in 3GPP involves D2D discovery and D2D communication parts. At a high level, D2D UEs always transmit D2D signals or channels in the uplink part of the spectrum. D2D operation by a UE is in a half-duplex mode, i.e., the UE can either transmit D2D signals/channels or receive D2D signals/channels. There may also be D2D relay UEs that may relay some signals to other D2D UEs. There is also control information for D2D, some of which is transmitted by D2D UEs and the other is transmitted by eNodeBs (e.g., D2D resource grants for D2D communication transmitted via cellular DL control channels). The D2D transmissions may occur on resources which are configured by the network or selected autonomously by the D2D UE.
At a high level, D2D communication implies transmitting by a D2D transmitter D2D data and D2D communication control information with scheduling assignments (SAs) to assist D2D receivers of the D2D data. The D2D data transmissions are according to configured patterns and in principle may be transmitted rather frequently. SAs are transmitted periodically. D2D transmitters that are within the network coverage may request eNodeB resources for their D2D communication transmissions and receive in response D2D resource grants for SA and D2D data. Furthermore, eNodeB may broadcast D2D resource pools for D2D communication.
D2D discovery messages are transmitted in infrequent periodic subframes. eNodeBs may broadcast D2D resource pools for D2D discovery, both for reception and transmission.

Synchronization is needed for both discovery and communication. To enable synchronization, D2D UEs transmit D2D synchronization signals (PD2DSS and SD2DSS) and D2D sycnhronization channel (PD2DSCH), based on their selected transmit synchronization reference. The sycnrhonization reference may be further relayed by D2D UEs. D2D receivers can receive multiple synchronization references in parallel. The resources for PD2DSS/SD2DSS and PD2DSCH transmissions are broadcasted by network. Out-of-coverage PS UEs transmit D2DSS/PD2DSCH according to the resources signalled by UEs under NW coverage by use of PD2DSCH. If PD2DSCH from in-coverage UEs is not received, out of coverage UEs use pre-configured D2DSS/PD2DSCH resources.
D2D UEs may operate D2D in different states, as summarized in Table 1 below.

Table 1: D2D operation in different states

	D2D Operation Type
	Network Coverage
	Out of coverage

	
	RRC_CONNECTED
	RRC_IDLE
	

	D2D discovery (transmitting and receiving)
	Yes
	Yes
	No

	D2D communication (transmitting and receiving)
	Yes
	Yes
	

Yes


3 Requirements for D2D-Capable UEs

RAN4 will need to specify two sets of RRM requirements for D2D-capable UEs operating D2D:

1) New D2D RRM requirements to ensure D2D performance (e.g., measurement delay and accuracy requirements):

· New requirements for D2D discovery (RRC_CONNECTED, RRC_IDLE),
· New requirements for D2D communication (RRC_CONNECTED, RRC_IDLE, out of coverage),
· New requirements for D2D synchronization (RRC_CONNECTED, RRC_IDLE, out of coverage), e.g., for UE measurements based on PD2DSS/SD2DSS;
2) New cellular RRM requirements and/or applicability conditions in the existing cellular requirements to ensure cellular performance is not degraded.
· Proposal 1: All new D2D RRM requirements are specified in a separate clause of the relevant requirements group section in TS 36.133, e.g.:

· D2D requirements for UEs in RRC_IDLE in a new clause 4.4,

· D2D measurement requirements for UEs in RRC_CONNECTED in a new clause 8.X (i.e. one available after 8.4),

· D2D measurement accuracy requirements for UEs in RRC_CONNECTED in a new clause 9.7,

· All D2D requirements in out-of-coverage in a new section 11.

· Proposal 2: Cellular requirements for D2D-capable UEs are specified in a separate subclause of the relevant cellular requirements section in TS 36.133.

4 Impact on UE Cellular Requirements during D2D Operation
In general, the RAN1 assumption is that when cellular UL transmissions and D2D transmissions are scheduled in the same subframe on the same frequency, the cellular UL transmission is always prioritized, so the impact on the existing cellular requirements due to co-scheduling of D2D and cellular UL for the same UE is avoided. To ensure that UE prioritizes UL cellular transmission over D2D transmission, it needs to be explicitly stated in TS 36.133 that all existing requirements for measurements involving UL cellular transmission are met (e.g. UE Rx-Tx time difference measurement).

However, there is currently no guarantee that the UE can receive all DL signals/channels during its D2D operation, especially when the UE shares at least one of its receivers between the cellular DL operation (intra-frequency, inter-frequency, inter-RAT, or DL CA) and D2D operation. Furthermore, D2D may be operated on a carrier frequency which is the same or different than a serving carrier frequency of the UE.
In Table 2 below, we summarize high-level views related to D2D impacts on cellular RRM requirements.

Table 2: Potential D2D impacts on cellular requirements for D2D-capable UEs

	Requirements Group
	Comments

	E-UTRAN RRC_IDLE state mobility
	Unless it is explicitly specified that the same requirements apply, E-UTRAN handover requirements may be affected, e.g., when the UE moves to another cell supporting D2D.

	E-UTRAN RRC_CONNECTED state mobility
	Unless it is explicitly specified that the same requirements apply, E-UTRAN handover requirements may be affected, e.g., when the UE is handed over to a cell supporting D2D.

	RRC Connection Mobility Control
	The impact on the requirements in this group shall be studied, except perhaps CSG proximity requirements since CSG deployments have not been considered in D2D scenarios.

	Timing and signalling characteristics
	RLM: likely no impact if at least one subframe per radio frame is available for RLM measurements.
SCell activation/deactivation delay may be impacted if CSI reporting is impacted by D2D.

Interruptions on PCell with CA may be impacted, e.g., when the UE shares its receiver between CA operation and D2D operation.

	UE Measurements Procedures in RRC_CONNECTED State
	The potential impact on all requirements in this group needs to be studied. As a general approach, it is proposed that for any measurement a necessary number (N) of relevant subframes are available for the measurement (e.g., for RSTD measurements these are subframes with PRS, for inter-frequency measurements these are subframes within measurement gaps, etc.). If N number of subframes is available at the UE then UE should meet the existing cellular measurement requirements. 

	Measurements performance requirements for UE
	The D2D impact on the existing accuracy requirements shall be discussed on a per-measurement basis. In general, the accuracy requirements for cellular measurements shall preferably not change but rather ensured that it is met by other means, whenever possible. That is if N number of subframes is available at the UE then UE should meet the existing cellular measurement accuracies.


Based on the above summary, it is observed that for performing critical cellular measurements it is crucial that the necessary subframes are available for UE cellular measurements (e.g., are not the same and do not overlap with subframes configured for D2D) or alternatively prioritized by the UE for the cellular measurements. Typically these would be subframes #0 and #5 which are currently used for many cellular measurements. However, different number of available subframes may be required for different measurement types, e.g., one subframe per radio frame would be sufficient to meet the current RLM requirements, while the situation is different for RSTD measurements which performed less frequently but in up to 6 consecutive subframes.
· Proposal 3: RAN4 to discuss and develop a common set of subframes (e.g., subframes #0 and #5) that shall be made available for most measurements, which may be specified as an additional condition to ensure the cellular measurement performance is not degraded when the UE operates D2D.
· Proposal 4: Discuss the minimum number of subframes that shall be made available for each cellular measurement.

5 Summary

The following have been observed and proposed in this contribution:

· Proposal 1: All new D2D RRM requirements are specified in a separate clause of the relevant requirements group section in TS 36.133, e.g.:

· D2D requirements for UEs in RRC_IDLE in a new clause 4.4,

· D2D measurement requirements for UEs in RRC_CONNECTED in a new clause 8.X (i.e. one available after 8.4),

· D2D measurement accuracy requirements for UEs in RRC_CONNECTED in a new clause 9.7,

· All D2D requirements in out-of-coverage in a new section 11.

· Proposal 2: Cellular requirements for D2D-capable UEs are specified in a separate subclause of the relevant cellular requirements section in TS 36.133.

· Proposal 3: RAN4 to discuss and develop a common set of subframes (e.g., subframes #0 and #5) that shall be made available for most measurements, which may be specified as an additional condition to ensure the cellular measurement performance is not degraded when the UE operates D2D.

· Proposal 4: Discuss the minimum number of subframes that shall be made available for each cellular measurement.
