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1 Introduction
The configuration of D2D resource pools for scheduling assignments and Mode-2 data communication was extensively discussed during RAN1#78 meeting and summarized in documents [1]-[3]. For convenience, the part of the RAN1 agreements is reproduced below:
RAN 1#78 Agreement

· Transmission and reception resource pool for SA, Discovery, and Mode 2 data of a cell is indicated using
· subframeBitmap:
· 1 indicates subframe with D2D resources
· 0 indicates subframe with no D2D resources
· offsetIndicator: Offset indicator used to determine the start of a resource pool 
· FFS how to interpret offsetIndicator, e.g. whether it directly indicates an offset or whether it is an input to a function to derive an offset
· The indicator is from SFN 0 of FFS between
· Serving cell or neighboring cells 

· Only serving cell

· Granularity of 1 sub-frame
· RAN2 can choose to signal this parameter using 2 offsets
· The granularity of one of the two offsets does not need to be 1 subframe
· numPRBs: width of a D2D allocation in PRB 
· Does not represent the total D2D allocation in a sub-frame
· startPRB: D2D transmissions on a subframe can occur on PRB index greater than or equal to this value and less than startPRB + prbLength 
· endPRB: D2D transmissions on a subframe can occur on the PRB index lesser than or equal to this value and greater than endPRB-prbLength
· Subframe bitmap details:
· For FDD, subframeBitmap refers to contiguous set of uplink subframes. 
· For TDD, subframeBitmap refers to contiguous uplink sub-frames of a TDD configuration
· TDD configurations that the UEs are to assume for the neighboring cells are signalled
· FDD: subframe bitmap length is 40
· TDD subframe bitmap length (see [2]):
· configuration 0: 42

· configuration 1: 16

· configuration 2: 8

· configuration 3: 12

· configuration 4: 8

· configuration 5: 4

· configuration 6: 30

· FFS whether any limitations are applied to the subframe bitmaps (e.g., limitations to the number of used subframes in the subframe bitmap)
· FFS in RAN2 the details on how the subframe bitmaps and pools are signaled
· FFS if the pre-configured pools are FDD or TDD, and how this is signaled, if needed
In this contribution, we continue discussion on the remaining details of resource pool configurations for D2D communication, by addressing the FFS aspects and potential ambiguity in resource pool configuration.
2 Discussion on D2D Resource Pool Configuration
The agreements made by RAN1 WG provide flexible mechanisms for configuration of different D2D resource pools including discovery, scheduling assignments (Mode-1 & Mode-2) and Mode-2 data transmission. The example of Mode-2 SA and Data resource pool configuration is shown in Figure 1.
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Figure 1: Mode-2 SA and Data Pool Configuration.
There are three key parameters defined by RAN1 and shown in Figure 1 saPeriod, saOffsetIndicator, and mode2DataOffsetIndicator. The relation of these parameters may require some further discussion and clarification.
Interpretation of “offsetIndicator”
There was and FFS item on “how to interpret offsetIndicator, e.g. whether it directly indicates an offset or whether it is an input to a function to derive an offset” and a statement that “RAN2 can choose to signal this parameter using 2 offsets. The granularity of one of the two offsets does not need to be 1 subframe”.
In our view, whether two or one offset is used and granularity of each offset is purely RAN2 discussion topic and thus no additional agreements need to be made in RAN1 with regard to this aspect. In addition we do not see a need for a function to derive offset. In our view, the offsetIndicator can directly represent the offset of the SA/Discovery/Mode-2 data resource pools relative to SFN0.
On “offsetIndicator” association with serving or neighboring cell
Another open question is whether and offset indicator should be associated with the serving or neighboring cell. In our view, the offset indicator should be associated with the serving cell, i.e. provide offset relative to the SFN0 of the serving cell. In opposite case, the UE will need additional signaling to indicate offset of SFN0 in neighboring cell relative to SFN0 in serving cell.
Proposal 1
· The “offsetIndicator” is used to directly indicate offset of D2D resource pools relative to SFN0 in serving cell.

On the amount of Mode-2 data pool bitmap repetitions

From the current description of the D2D resource pool configurations in [1], [3] it is not completely clear whether repeated mode-2 data subframe bitmap should be truncated at the boundary of the next saPeriod occurrence or can be repeated until the next instance of the subsequent SA resource pool. In our view both options can be supported by specification. Moreover it may be advantageous to define two offset indicators “startOffsetIndicator” and “endOffsetIndicator” to clearly indicate the start and end subframe of Mode-2 data resource pool. The “endOffsetIndicator” can be defined relative to the “startOffsetIndicator” and designate physical duration of the single Mode-2 data pool instance.
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Figure 2: On Mode 2 Data Resource Pool Configuration Options.

Proposal 2
· The Mode-2 data pool duration is explicitly configured using additional RRC D2D parameter, e.g. Mode-2 data duration (see Option 3), relative to mode2DataStartOffset.
· By default, if data pool duration is not configured, UE assumes that Mode-2 data subframe bitmap is repeated till the next occurrence of the associated SA pool (see Option 2).
· The similar parameter is defined used for Mode-1 pool, relative to the saOffsetIndicator+saSubframeBitmap length.

3 Discussion on Resource Pool Patterns
3.1 On the Amount of D2D Resource Pool Configuration Bits
The agreed subframe bitmap mechanism for D2D resource pools provides high flexibility for control of spectrum resources used for D2D operation. However, there is also a need to define preconfigured resource pools or define the rule for construction of subframe bitmaps describing D2D resource pools. One of the motivations to introduce such patterns is operation in partial and out of network coverage scenarios. In particular, for communication between partial and out of coverage UEs the same D2D resource pool configuration should be used at both sides. Therefore information about at least one D2D pool configuration needs to be forwarded by in-coverage and partial coverage UEs. In out of coverage scenario, all UEs should also have the same D2D resource pool configuration. In order to achieve this, UEs need to forward information about resource pool configurations. According to the latest RAN1 WG agreement, the Mode-2 TX/RX and Mode-1 RX pools are described by the following parameters:

· Mode-2 SA resource pool configuration:
· startPRB, endPRB, prbLength, subframeBitmap, offsetIndicator;
· Mode-2 Data resource pool configuration:
· startPRB, endPRB, prbLength, subframeBitmap, offsetIndicator;
· Mode-2 SA and Data period:
· saPeriod;
· Mode-1 SA reception resource pool:
· saPeriod, subframeBitmap, offsetIndicator, startPRB, endPRB, prbLength.
Table 1: Amount of bits required to forward information about Mode-1/2 resource pools (time/frequency location).
	System BW, MHz
	
	1,4
	3
	5
	10
	15
	20

	FDD Mode-1 SA
	
	60
	63
	66
	69
	71
	71

	FDD Mode-2
	
	118
	124
	130
	136
	140
	140

	TDD Mode-1 SA
	UL-DL#0
	62
	65
	68
	71
	73
	73

	TDD Mode-2
	UL-DL#0
	122
	128
	134
	140
	144
	144

	TDD Mode-1 SA
	UL-DL#1
	36
	39
	42
	45
	47
	47

	TDD Mode-2
	UL-DL#1
	70
	76
	82
	88
	92
	92

	TDD Mode-1 SA
	UL-DL#2,4
	28
	31
	34
	37
	39
	39

	TDD Mode-2
	UL-DL#2,4
	54
	60
	66
	72
	76
	76

	TDD Mode-1 SA
	UL-DL#3
	32
	35
	38
	41
	43
	43

	TDD Mode-2
	UL-DL#3
	62
	68
	74
	80
	84
	84

	TDD Mode-1 SA
	UL-DL#5
	24
	27
	30
	33
	35
	35

	TDD Mode-2
	UL-DL#5
	46
	52
	58
	64
	68
	68

	TDD Mode-1 SA
	UL-DL#6
	50
	53
	56
	59
	61
	61

	TDD Mode-2
	UL-DL#6
	98
	104
	110
	116
	120
	120


As it can be seen from Table 1, the amount of bits describing Mode-2 SA + Data and Mode-1 SA reception pools is rather large about 100-200 bits in 10MHz BW depending on UL-DL configuration. Taking into account that RAN1 agreed on up to 4 Mode-2 SA and Data TX pools, the amount of information that may need to be forwarded becomes very large, not taking into account information on D2D discovery configuration, that may further double amount of D2D information. Therefore in order to support partial and out of coverage scenario, there is a need to define efficient forwarding of D2D resource pool information. In addition, only one of the pools can be signaled in out of coverage and partial coverage operation.
Observation 1
· Configuration of the D2D resource pool requires large amount of information bits (causes large system overhead).
Proposal 3
· Information about single D2D resource pool is signaled in out of coverage and partial coverage scenarios.
· Design efficient method for the D2D resource pool forwarding if forwarding of D2D resource pool configuration is agreed.
3.2 On D2D Resource Pool Forwarding

Given that configuration of a single Mode-2 resource pool or Mode-1 SA pool requires large amount of bits, it make sense to define a subset of predefined D2D resource pool patterns that can be used in partial and out of coverage scenarios. If small subset of predefined resource pool patterns is defined then UE can easily forward resource pool index in case of partial and/or out of coverage scenario. In general we see following alternatives to support partial and out of coverage scenarios:

Alt. 1 – Predefine/Preconfigure Small Subset of D2D Resource Pool Configurations. Several configurations of D2D resource pools can be predefined by specification or preconfigured by the network for FDD and different TDD UL-DL configurations. In coverage and out of coverage UEs can propagate the index of predefined resource pool configurations in PD2DSCH channel.

Alt. 2 – Introduce Patterns for D2D Resource Pool Construction. In this case the resource pool construction can be done with substantially reduced overhead signaling and UE may re-construct time and frequency resource allocation for SA and Data pools. The additional discussion is needed on mechanisms to reduce the overhead of the resource pool configuration. One of the options to reduce overhead of resource pool subframe bitmap signaling is to use repetition of the bitmap of substantially reduced size, e.g. 8 bits similar to the T-RPT pattern construction. Frequency resources can be signaled with reduced granularity or predefined bandwidth occupying contiguous set of PRBs can be agreed.
Alt. 3 – Forward Full Information for Single D2D Resource Pool. In this case, UE needs to propagate full information about the resource pool(s) configured by the serving cell. This option consumes large amount of bits and thus may be seen as problematic in terms of PD2DSCH channel link budget. However in order to improve link budget and carry large number of information bits the information may be distributed over multiple PD2DSCH instances, e.g. four or more PD2DSCH processing is required to fully recover D2D resource pool configuration.
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Figure 3. PD2DSCH Transmission Cycle (Payload is shared among transmission instances within PD2DSCH cycle)
Alt. 4 – Use all UL resources for D2D operation in partial and out of coverage scenarios. The partial and out of coverage scenario can utilize all available UL resources. In TDD case, out of coverage UE may use all resources while partial coverage UEs may use set/or subset of UL subframes. The drawback of Alt 4 is that Mode-1 and Mode-2 resources can overlap and collide with each other and thus Mode-1 D2D performance cannot be controlled by eNodeB anymore.
Alt. 5 – Use timer to check validity of D2D resource pool configuration age. The UE is configured by eNodeB/network with arbitrary D2D resource pool for partial coverage and out of coverage scenario. This configuration can be assumed valid for a certain timeframe. Therefore in partial coverage scenario UE uses this configuration, if time is not expired.
The alternative 3 can be considered as a unified mechanism for the D2D resource configuration in three scenarios: in-coverage, partial coverage and out of coverage. Alt. 1 may be considered as the simplest option however it may be challenging to select the predefined patterns. The pre-configuration of D2D resource pools for out of coverage can work if it can be ensured that all UEs have the same resource pool configuration. However, the pre-configuration may not always work in partial coverage case since out of coverage UE needs to know D2D resource pool configuration used by in-coverage UE for SA and Data transmission. Alt.2 may require quite significant amount of standardization efforts. Alt. 4 may have negative impact on Mode-1 operation while Alt.5 may not be considered as a universal solution.
Proposal 4
· Further discuss D2D resource pool forwarding by UE and down-select among alternatives 1, 2 and 3.
4 Discussion on Resource Pool Subframe Restrictions
When operating within network coverage the both D2D transmitter and receiver should keep synchronization with eNodeB and track timing and carrier frequency offset. In addition, terminals may need to run the normal UE procedures (e.g. cell search, SIB reading, RRM/RLM) and communicate with eNB using predetermined HARQ timelines. 
The synchronization and RLM/RRM measurements issues need to be further discussed in RAN4 WG. From RAN1 perspective the main arguments to introduce subframe restriction in D2D resource pool configuration is to enable D2D and cellular operation compliant with the existing cellular HARQ timelines. However such operation may be enabled by existing mechanism for resource pool configuration as well as by selection or assignment of the proper T-RPT. Another aspect that may need to be considered by RAN1 WG is efficient forwarding of resource pool configuration in partial and out of coverage scenarios. However this issue may be solved using one of the solutions presented in the previous section. One more consideration that needs to be taken into account is support of single RX chain terminals in FDD spectrum. 
The single RX chain terminals require some interruption time between cellular DL and D2D reception. The practical way to support single RX chain UEs is to enable for some interruption time between cellular and DL reception. This time may be controlled by the resource pool “offsetIndicator” and may be known to both eNodeB and single RX chain UE. The additional subframe to enable RF tuning time is needed and may be borrowed either from the D2D resource pool or cellular resources depending on RAN1 future decision.
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Figure 4: Support of single RX chain receivers in FDD.
One more aspect that needs to be discussed is the collision between WAN and D2D TX. As it was agreed by RAN1 in the past the WAN transmission is prioritized over D2D transmission. It means that D2D TX should drop the MAC PDU on D2D link and transmit in UL. However the D2D RX may not be aware about this drop and thus it implies that D2D receiver needs to detect presence of D2D TX for all subframes defined by the T-RPT. Therefore restriction on resource pool subframes may not help to simplify UE receiver if it can be assumed that eNodeB may schedule UL transmission on D2D transmit resources.
Observation 2
· Restrictions on D2D resource pool subframes may be needed for several purposes:
·  Communicate with eNodeB according to the predefined HARQ operation timeline (RAN1 aspect)

·  Synchronization with eNodeB (RAN 4 aspect)

·  Perform RLM/RRM measurements (RAN 4 aspect)

·  Enable efficient mechanism for forwarding of the D2D resource pool configuration (RAN1 aspect)

·  Support of single and dual RX chain receivers (RAN1 aspect)
Proposal 5
· Do not introduce resource pool subframe restrictions unless any issue is identified by RAN4 WG.
· In case of collision between D2D and WAN, transmitter drops the particular instance of D2D MAC PDU and resumes D2D transmission on the subsequent T-RPT subframes according to initial MAC PDU mapping.
5 On Overlapping of Multiple D2D Resource Pool Types
The configuration of both discovery and communication resource pools may result in overlapping between different pool types at some periodical time instances. This overlap may happen between SA, Data and Discovery resource pools. The overlap between SA and discovery pools needs to be prohibited by specification. The further discussion is needed with regard to potential overlap between Data and Discovery pools. The outcome of this discussion may also depends on how the resource pool configuration signaling will be defined in RAN2 WG. If UEs are informed about Discovery and Data pool configurations then in case of overlapping with D2D discovery subframes are then simple logical and operation can be used to redefine data pool resources in order to exclude overlap with discovery subframes.
Proposal 6
· The overlap between SA and Discovery resource pools is prohibited by specification. 
· Further discuss details of UE behaviour of in case of Data and Discovery pool overlap once the signalling of resource pools is agreed by RAN2 WG
6 Conclusions

In this contribution, we provided our views on the details and some of the remaining open issues of the D2D resource pool configurations. Based on the discussion presented in the document we have the following list of proposals:
Observation 1
· Configuration of the D2D resource pool requires large amount of information bits (causes large system overhead).
Observation 2
· Restrictions on D2D resource pool subframes may be needed for several purposes:
·  Communicate with eNodeB according to the predefined HARQ operation timeline (RAN1 aspect)

·  Synchronization with eNodeB (RAN 4 aspect)

·  Perform RLM/RRM measurements (RAN 4 aspect)

·  Enable efficient mechanism for forwarding of the D2D resource pool configuration (RAN1 aspect)

·  Support of single and dual RX chain receivers (RAN1 aspect)
Proposal 1
· The “offsetIndicator” is used to directly indicate offset of D2D resource pools relative to SFN0 in serving cell.

Proposal 2
· The Mode-2 data pool duration is explicitly configured using additional RRC D2D parameter, e.g. Mode-2 data duration (see Option 3), relative to mode2DataStartOffset.
· By default, if data pool duration is not configured, UE assumes that Mode-2 data subframe bitmap is repeated till the next occurrence of the associated SA pool (see Option 2).

· The similar parameter is defined used for Mode-1 pool, relative to the saOffsetIndicator+saSubframeBitmap length.

Proposal 3
· Information about single D2D resource pool is signaled in out of coverage and partial coverage scenarios.
· Design efficient method for the D2D resource pool forwarding if forwarding of D2D resource pool configuration is agreed.
Proposal 4
· Further discuss D2D resource pool forwarding by UE and down-select among alternatives 1, 2 and 3.
Proposal 5
· Do not introduce resource pool subframe restrictions unless any issue is identified by RAN4 WG.
· In case of collision between D2D and WAN, transmitter drops the particular instance of D2D MAC PDU and resumes D2D transmission on the subsequent T-RPT subframes according to initial MAC PDU mapping.
Proposal 6
· The overlap between SA and Discovery resource pools is prohibited by specification. 
· Further discuss details of UE behaviour of in case of Data and Discovery pool overlap once the signalling of resource pools is agreed by RAN2 WG
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