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1. Introduction

In this document, we provide our proposals on the RRM requirements for D2D discovery and communications.
2. Background

Table 1 provides a brief overview of the agreements and working assumptions made for D2D that have RRM implications. 
Table 1: Overview of D2D agreements and working assumptions and their RRM implications

	Agreements and working assumptions (from [1][2])
	UE RRM implications

	On spectrum usage

· D2D operates in uplink spectrum (in the case of FDD) or uplink sub-frames of the cell giving coverage
	For FDD, an UE is required to tune to the UL spectrum to receive D2D
· Can cause interruption to WAN during retuning receiver chain

· May not support simultaneous Rx on UL (D2D) and DL (WAN), as discussed below.

	On simultaneous reception on associated UL (D2D Rx) and DL (WAN Rx) of an FDD carrier:
· For discovery, may not be supported by the UE

· For communications, is supported by the UE

On other multiplexing constraints (from UE’s perspective)
· Half-duplex operation for

· D2D Tx and D2D Rx

· WAN Tx and D2D Rx
· TDM operation between

· WAN Tx and D2D Tx
· In case of time domain conflict between WAN Tx and D2D Tx or Rx, WAN Tx is prioritized


	For FDD, if UE does not support simultaneous Rx on UL and DL
· Time domain conflict possible between D2D subframes (on UL) and WAN procedures (on DL), e.g., paging, measurement gaps.

· Mobility procedures (cell reselection, intra-frequency measurements) may be affected if tuned to UL for D2D Rx.

For FDD, if UE supports simultaneous Rx on UL and DL

· Retuning WAN DL receiver chain during measurement gaps will affect D2D receiver chain tuned to FDD UL.

	On D2D synchronization

· For out-of-coverage UEs can synchronize to other D2D UEs (transmitting D2D synchronization source, D2DSS)
	For D2D operation out-of-network coverage, clarify that DL timing is w.r.t. the synch source (i.e., another D2D UE) chosen.

	On D2D transmission timing

· D2D transmissions may use uplink or downlink timing

· Type 1 discovery: DL timing
· Type 2 discovery: FFS

· Mode 1 communications: DL timing for SA and synchronization, UL timing for Data

· Mode 2 communications: DL timing for SA and synchronization, FFS for Data
	Timing requirements for D2D signal transmissions need to be specified:
· Both DL and UL timing can be used

· DL timing maybe w.r.t. another UE when operating D2D out-of-network coverage.


3. RRM requirements for D2D: Overview
In this section, we review all the current UE RRM requirements from TS 36.133 [3] from the viewpoint of identifying the requirements that may be impacted for D2D. The impact is briefly highlighted in Table 2, and then discussed in further detail in the later subsections.
Table 2: Overview of proposals on UE RRM requirements for D2D

	Requirement
	Section 
(in TS36.133)
	Impact for D2D / discussion

	RRC_IDLE state mobility

	Cell Selection
	4.1
	No change

	Cell Re-selection
	4.2
	No change

	Minimization of Drive Tests (MDT)
	4.3
	No change

	RRC_CONNECTED state mobility

	E-UTRAN Handover
	5.1
	No change

	Handover to other RATs
	5.3
	No change

	Handover to Non-3GPP RATs
	5.4
	No change

	RRC Connection Mobility Control

	RRC Re-establishment
	6.1
	No change

	Random Access
	6.2
	No change

	RRC Connection Release with Redirection
	6.3
	No change

	CSG Proximity Indication for E-UTRAN and UTRAN
	6.4
	No change

	Timing and signaling characteristics

	UE transmit timing
	7.1
	Specify requirements for D2D channels

	UE timer accuracy
	7.2
	Specify requirements for D2D channels

	Timing Advance
	7.3
	Specify requirements for D2D channels

	Cell phase synchronization accuracy (TDD)
	7.4
	No change

	Synchronization Requirements for E-UTRAN to 1xRTT and HRPD Handovers
	7.5
	No change

	Radio Link Monitoring
	7.6
	No change 

	SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation
	7.7
	No change

	Interruptions with Carrier Aggregation
	7.8
	No change

	Interruptions with ProSe
	(new subsection)
	Interruptions to WAN due to D2D discovery and communications needs to be specified.

	Measurements Procedures in RRC_CONNECTED State

	General Measurement Requirements
	8.1
	No change

	Capabilities for Support of Event Triggering and Reporting Criteria
	8.2
	No change

	Measurements for E-UTRA carrier aggregation
	8.3
	No change

	OTDOA RSTD Measurements for E-UTRAN carrier aggregation
	8.4
	No change


4. RRM requirements for D2D
In this section, we present further discussions and specific proposals on the UE RRM requirements as identified in Table 2. The discussion is categorized into D2D discovery, D2D communications, and D2D timing characteristics. 
4.1. D2D Discovery
For D2D discovery, periodic uplink resources are allocated by the network in a semi-static manner and indicated to the UEs via SIB (or via dedicated RRC signaling). In practice, discovery can be viewed as a background procedure with network allocating a very small percentage of uplink resources for discovery (e.g., 64 subframes every 10 seconds).
There are two types of D2D discovery, namely, Type 1 and Type 2. For Type1 discovery, a resource pool is configured by eNodeB and the UE autonomously picks resource from the pool to transmit discovery signal. For Type2 discovery, the UE-specific discovery resource is allocated by the eNodeB. Table 3 below captures the possible RRC states of the UE participating in D2D discovery.
Table 3: Possible RRC state of an UE participating in D2D discovery
	
	Tx UE
	Rx UE

	Type 1 
	Idle or Connected
	Idle or Connected

	Type 2
	Connected
	Idle or Connected


Further, as indicated in Table 1, it is assumed that UE capable of D2D discovery may not be able to support simultaneous reception on the associated UL and DL spectrum of an FDD carrier.

4.1.1. Impact to existing WAN RRM procedures
For RRC_Idle UEs, the discovery resources (on FDD bands) may collide in time with the UE specific paging occasions. Further, depending on the configuration of the number of discovery resources, the cell reselection procedures (e.g., evaluating S-criterion at least every DRX cycle, intra-frequency measurements etc.) may be impacted when the UE is participating in D2D discovery. This impact is for the UEs that do not support simultaneous reception on UL and DL of FDD carrier (baseline for discovery), since the single receiver chain will be tuned to the UL spectrum to receive D2D, instead of monitoring DL.
Similarly, for RRC_Connected UEs, the discovery resource may collide in time with the UE specific measurement gaps. For regular DL traffic, note that it is assumed that the eNodeB is aware of RRC_Connected UEs participating in discovery, and will not schedule them on WAN DL during D2D discovery subframes. 

We propose that WAN RRM procedures are prioritized in case of time domain conflict with D2D discovery. For a UE participating in D2D discovery, existing idle and connected state mobility requirements shall be met.
Proposal 1: For a UE participating in D2D discovery, existing idle and connected state mobility requirements shall be met.
4.1.2. Interruptions to WAN
As shown in Figure 1, D2D discovery occurs periodically on the uplink resources allocated semi-statically by the eNodeB. For FDD bands, this implies that the receiver chain used to receive on the UL spectrum will be tuned/re-tuned (e.g., turned ON if a spare chain is used, or retuned from PCC DL or SCC DL as per UE capability and reduced CA configuration configured by eNodeB) during the D2D discovery procedures. This could cause an interruption to the other active chains for WAN DL and UL.
Similar to SCell activation/deactivation for inter-band CA, it is proposed that the UE is allowed to interrupt for 1 subframe immediately before and after a D2D subframe. As a practical example, with 64 contigous D2D subframes occurring every 10 seconds, this will result is interruption of 2 subframes every 10 sec (<0.02%). Furthermore, the network is aware of the allocation of D2D subframes, hence, it knows the subframes where the interruptions may occur.
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Figure 1: Example UE implementation with single Rx chain being retuned between FDD DL (for WAN Rx) and FDD UL (for D2D Rx) for D2D on FDD band
Proposal 2: For UE participating in discovery on FDD bands, UE is allowed to interrupt PCell and SCell(s) UL and DL on 1 subframe immediately before and after a D2D subframe.
4.2. D2D Communication

D2D communication transmissions comprises of scheduling assignment (SA) and D2D data. There are two modes of operation. For mode 1, the resources for SA and data transmission are allocated by eNodeB. For mode 2, the resources for SA and data transmission are autonomously chosen by UE from a resource pool that is announced by eNodeB. The RRC state of D2D communication UE is summarized in Table 4. 
Table 4: Possible RRC states of an UE participating D2D communication
	
	Tx UE
	Rx UE

	Mode 1 
	Connected
	Idle or Connected

	Mode 2
	Idle or Connected
	Idle or Connected


Further, as indicated in Table 1, it is assumed that UE capable of D2D communications supports simultaneous reception on the associated UL and DL spectrum of an FDD carrier.

4.2.1. Impact to existing WAN RRM procedures

Since UEs are able to simultaneously receive on the associated UL and DL spectrum of an FDD band, the impact to WAN procedures (e.g., paging reception, cell reselection, intra-frequency measurements etc.) due to participation in D2D is not present. 
However, in order to perform inter-frequency/inter-RAT measurements (for example), the UE will have to tune its WAN receiver chain. While this will be done as per the WAN RRM requirements, however it may impact the D2D receiver chain and may cause interruptions to D2D communications. Such interruptions are expected to be low and can also be mitigated by the eNodeB (e.g., configuring higher measurement period, or configuring lower inter-frequency layers to monitor for UE actively participating in D2D communications). 
Hence we propose that for a UE participating in D2D communications, existing idle and connected state mobility requirements shall be met.
Proposal 3: For a UE participating in D2D communications, existing idle and connected state mobility requirements shall be met.

4.2.2. Interruption to WAN
Unlike D2D discovery, the resource pool(s) (e.g., SA resource pool) for D2D communications may occur more frequently in time (e.g., 2 subframes every 160ms).
For RRC Connected UEs participating in D2D communications (Tx and/or Rx), the following procedure is under consideration in RAN2 [R2-143671]. As shown in Figure 2, the UEs inform the eNodeB of the ‘D2D start’ and ‘D2D stop’ interest indication; followed by RRC connection reconfiguration message from the eNodeB configuring the D2D related parameters (e.g., reduced CA configuration to use). This is common to both D2D discovery and D2D communications. Note that this is similar to SCell addition/release procedure and the UE is then expected to turn-on/re-tune the receiver chain to start listing on the UL of the FDD band. Similar to SCell addition/release for inter-band CA, we propose 1 subframe interruption to WAN PCell and SCell(s) UL and DL during the RRC reconfiguration procedure following the D2D start or D2D stop indication.
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Figure 2: Example receiver chain retuning upon D2D start / D2D stop indication for D2D on FDD band
Observation 1: Pending finalization of D2D start/stop indication procedure in RAN2, the following proposal can be made for interruption due to D2D communications: For a UE participating in D2D communications in FDD band, UE is allowed to interrupt WAN PCell and SCell(s) UL and DL for 1 subframe during the RRC reconfiguration procedure following the D2D start or D2D stop indication. 
4.2.3. Mode switch (between Mode 1 and Mode 2)
Mode 1 (‘centralized’) and Mode 2 (‘decentralized’) resource allocation modes are supported for D2D communications. Following agreements have been made in RAN2 with regard to mode switching [3]:
· During normal operation, the UE only changes from mode 1 to mode 2 if it is configured by the eNB to do so.

· During normal operation, the UE only changes from mode 2 to mode 1 if it is configured by the eNB to do so.

Assumption: Mode switching is configured by eNodeB using existing measurement reporting mechanisms (e.g., using events A1 and A2).

· When out-of-network coverage, only Mode 2 can be used

Assumption: pre-authorized and pre-configured by the network.

· In exceptional cases, UE may use Mode 2

· When timers T311 or T301 are running (i.e., RLF occurs and UE is trying to reconnect)

· FFS on additional conditions and exit conditions (Mode 2 to Mode 1)

Based on the agreements so far, no impact on UE RRM requirements is identified. This can be revisited once the details have been finalized in RAN2.

Observation 2: Based on the agreements so far on Mode switching for D2D communications, no impacts to UE RRM requirement are identified.

4.3. D2D Timing Characteristics
Unlike legacy PUSCH transmissions, D2D transmissions may employ either DL timing or UL timing as agreed in RAN1. Rationale of using DL timing is to enable RRC_Idle UEs to participate in D2D (Tx and/or Rx) that will not have UL timing. Following are the agreements on the transmission timing for various D2D channels:

	D2D physical channel
	Transmission timing used

	Communications
	Mode 1
	SA
	DL timing

	
	
	Data
	UL timing

	
	
	Synchronization
	DL timing

	
	Mode 2
	SA
	DL timing

	
	
	Data
	FFS

	
	
	Synchronization
	DL timing

	Discovery
	Type 1
	Discovery signal
	DL timing

	
	
	Synchronization
	DL timing

	
	Type 2
	Discovery signal
	FFS

	
	
	Synchronization
	FFS


For D2D transmissions that use DL timing, we propose to use the timing requirements specified for PRACH.

For D2D transmissions that employ UL timing, we propose that existing requirements for PUSCH shall apply.

Proposal 4: For D2D transmissions that use DL timing, we propose to use the timing requirements specified for PRACH.

Proposal 5: For D2D transmissions that employ UL timing, we propose that existing requirements for PUSCH shall apply.

Further, the current timing requirements are specified with respect to the eNodeB timing. For D2D out-of-coverage operation (i.e., not camped on any eNodeB), the UE may utilize another D2D UE transmitting D2D synchronization signal (D2DSS) for synchronization. For out-of-coverage transmissions, only ‘DL timing’ is used, wherein the ‘DL timing’ is w.r.t. to the chosen synchronization source. Editorial changes will be needed to 36.133 to specify ‘DL timing’ is with respect to another UE when operating out-of-network coverage.

Proposal 6: Editorial changes shall be made to specify that ‘DL timing’ can be with respect to a D2D synchronization source when operating out-of-network coverage.
5. Conclusions

In this paper, the following proposals and observations are made on UE RRM requirement for D2D. 
Proposals

(D2D discovery)

Proposal 1: For a UE participating in D2D discovery, existing idle and connected state mobility requirements shall be met.

Proposal 2: For UE participating in discovery on FDD bands, UE is allowed to interrupt PCell and SCell(s) UL and DL on 1 subframe, immediately before and after a D2D subframe.

(D2D communications)

Proposal 3: For a UE participating in D2D communications, existing idle and connected state mobility requirements shall be met.

 (D2D timing)

Proposal 4: For D2D transmissions that use DL timing, we propose to use the timing requirements specified for PRACH.

Proposal 5: For D2D transmissions that employ UL timing, we propose that existing requirements for PUSCH shall apply.

Proposal 6: Editorial changes shall be made to specify that ‘DL timing’ can be with respect to a D2D synchronization source when operating out-of-network coverage.

Observations

(D2D communications)
Observation 1: Pending finalization of D2D start/stop indication procedure in RAN2, the following proposal can be made for interruption due to D2D communications: For a UE participating in D2D communications in FDD band, UE is allowed to interrupt WAN PCell and SCell(s) UL and DL for 1 subframe during the RRC reconfiguration procedure following the D2D start or D2D stop indication. 
Observation 2: Based on the agreements so far on Mode switching for D2D communications, no impacts to UE RRM requirement are identified.
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