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1. Introduction
D2D resource pool configuration was discussed in RAN1 #78 meeting and major issues related to pool definition were addressed.  The agreements are listed as follows [1] [2]:
· 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 (Working Assumption): 

· config 1-5: subframe bitmap length is twice the number of uplink sub-frames within a radio frame

· config 6: subframe bitmap length is 30

· config 0: subframe bitmap length is 42

· 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

After RAN1#78, remaining details for resource pool configuration were discussed in RAN1 email discussion targeting RRC parameters [3].  However, there are still some open issues about pools configuration.  In the following sections, we will discuss these open issues based on RAN1 agreements.
2. Open issues of resource pool configuration
2.1. Usage and interpretation for OffsetIndicator
The parameter OffsetIndicator is used to indicate the start of a discovery/SA/data resource pool within a D2D resource period.  If OffsetIndicator is used to indicate the start of resource pool for serving cell, it is natural for the indicator to indicate the offset with respect to SFN 0 of serving cell.
While if OffsetIndicator is used to indicate the start of resource pool of a neighboring cell, the offset can be from SFN 0 of either the neighboring or the serving cell.  However, the situation may be somehow different if the reference of offset is different.   Let’s take discovery as an example. 
If the offset is from SFN 0 of neighboring cell, it seems that UEs are able to know the exact discovery resource allocation for discovery reception.   However, since it’s not assumed for UEs to detect SFN of neighboring cells by reading PBCH or SIB from neighboring cells [1], UEs still don’t know where the discovery radio resources are. What UEs know are merely the parameters of resource pool. Then UEs may have to scan D2DSS from neighboring cells to locate where discovery radio resources exactly begin since D2DSS will be transmitted in the first subframe of discovery resource pool.
While on the other hand, if the offset is from SFN 0 of serving cell, it is helpful for UEs to locate a rough search area of the start of neighboring cell’s resource pool, e.g. a search window for D2DSS.  In this sense, the indicator of offset is more meaningful.
Proposal 1: OffsetIndicator indicates the offset of the start of resource pool from SFN 0 of the serving cell regardless the resource pool is for the serving cell or neighboring cells.  
Regarding the interpretation of OffsetIndicator, a direct indication of offset makes sense and it seems there is no need to introduce a function to generate the offset.
2.2. Period of SA/data resource pool in TDD
As agreed in [3], SA/data period for TDD configuration 1-5 is {40, 80,160, 320} and is FFS for TDD configuration 0/6. The major problem here is that cellular HARQ timing is not aligned with the time duration of a radio frame. Two possible solutions were discussed: 

· Option 1: {70, 140, 280} for TDD configuration 0 and {60, 120, 240} for TDD configuration 6
· Option 2: {80, 160, 320} for both TDD configuration 0 and 6

The motivation of periods defined in Option 1 is to align the SA/data period with D2D subframe allocation.  As for TDD configuration 0/6, the agreements are that the SA/data subframes are allocated with a length 42/30 bitmap, which is 70/60 ms and thus D2D resource allocation is more compatible with the HARQ timing of cellular transmission.  On the other hand, both 70 and 60 are not factors of 10240, which means some subframes in the end of a radio frame cycle are unavailable to D2D.  For example, for TDD configuration 0, the unavailable subframes according to period {70, 140, 280} in a radio frame cycle is 20, 20 and 160 respectively.  For TDD configuration 6, the unavailable subframes according to period {60, 120, 240} in a radio frame cycle is 40, 40 and 160 respectively.   Option 1 also aligns with the T-RPT bitmap timing which are 7 bits and 6 bits for configurations 0 and 6 respectively.  For the details, please refer to our companion contribution[5].
While for Option 2, UL subframes in a radio frame cycle is a multiple of the possible SA/data periods and thus the problem discussed above no longer exists.  However, even more UL subframes are unavailable considering the mismatched SA/data period and SA/data resource allocation cycle. More specifically, there are a couple of subframes can’t be allocated to D2D in each SA/data period.  For example in TDD configuration 0, there are 48 UL subframes in a SA/data period if the period is 80ms.   Therefore, out of these 48 subframes, only 42 subframes can be available since the resource pool length is 42.  This means 768 subframes are unavailable in a radio frame cycle which is more unacceptable.  Moreover, for TDD configuration 6, there are 20ms unavailable for D2D transmission in each 80ms if the SA/data period is 80ms.  This is unreasonable especially considering the VoIP transmission.   This problem can be solved by  introducing a truncation rule within the SA period but it seems unnecessary.
Proposal 2: For TDD configuration 0 and 6, the SA/data resource pool period should be {70, 140, 280} and {60, 120, 240} respectively.
2.3. Resource pool definition for out-of coverage TDD
It’s agreed that in out of coverage cases, a pre-configured resource pool should be used for D2D communication.   For TDD,  resource pool configuration together with the TDD configuration defines the D2D resources.  However, the details are still unclear especially for TDD on which configurations should UEs assume when out-of-coverage. This issue was discussed but no consensus was reached [4].
Theoretically, all the subframes in a TDD carrier are available to D2D UEs when out of coverage.  However, it is more reasonable for a TDD UE to follow TDD specs and to operate in TDD mode even there is no signals in DL subframes.  This can simplify the UE implementation.  Moreover, allowing the UEs to transmit in all subframes in a TDD carrier (i.e. all UL subframes) may have some issues with regional regulation. Therefore, it is desirable that the out-of-coverage UEs perform transmission/reception assuming a TDD configuration which can be pre-configured along with the pre-configured resource pool configuration.
While in scenario of partial coverage, some UEs participated in D2D communication may be under coverage.  From these UEs’ perspective, it is much easier to coordinate D2D communication and cellular transmission/reception if TDD configuration assumed for D2D communication should be same as that of cellular.  TDD configuration of cellular could be forwarded to UEs out-of-coverage, e.g. via PD2DSCH.
Actually, TDD configurations for partial coverage and out-of-coverage can be more unified if the observation is based on synchronization. In the partial coverage scenario, the D2D synchronization source is eNB, and then UEs located in out-of-coverage could expect the TDD configuration as well as resource pool configuration from in-coverage UEs e.g. via PD2DSCH. While in out-of-coverage, D2D synchronization source is UE, assuming a pre-configured TDD configuration for all UEs is more feasible and reasonable.
Proposal 3: If the synchronization source is eNB, D2D resource pool and TDD configuration should be the same with cellular.   If the synchronization source is UE, a pre-configured D2D resource pool associated to a pre-configured TDD configuration should be assumed.
2.4. Correlation of SA and data resource pool configurations
Subframe configuration for SA and data resource pool is based on bitmap.  For instance for SA resource pool configuration, parameters saOffsetIndicator/saSubframeBitmap enables a very flexible subframe allocation mechanism for D2D; while for data resource pool configuration, the difference is that the bitmap is repeated until the end of the data period. 
However, considering some TDD configurations with sparse UL subframes e.g. TDD configuration 5, allowing overlapping  SA and data subframes in their resource pool configurations can provide additional flexibility to alleviate the scheduling restriction caused by the sparse UL subframes. 
For instance for TDD configuration 2 or 4, all UL subframes have to be reserved for D2D data to accommodate VoIP transmission.  Partial UL subframes can still be allocated to SA which causes overlapping of SA subframes and data subframes.   If SA and data transmission don't collide in frequency domain in the overlapping subframe, both SA and data can be transmitted in the same subframe.   Otherwise, higher priority should be given to SA.  i.e. data is punctured and receiver UE only expects to receive SA.  With the above assumption, the system design can be simpler as no extra schemes (e.g. related to T-RPT of data) are needed to handle the scheduling problem when UL subframes are sparse.
Proposal 4: Overlapping of SA and data resources in the resource pool configurations should be permitted.  If the SA and data transmission collide in the time-frequency resources, the receiving UE doesn’t expect to receive data in the overlapping subframes. 
3. Summary
In this contribution, remaining details for D2D resource pool configuration were discussed, focusing on the OffsetIndicator related problems, SA/data resource pool for TDD, resource pool configuration for out-of-coverage TDD and correlation of configuration of SA and data resource pool. Based on the discussions, we have the following proposals.
Proposal 1: OffsetIndicator indicates the offset of the start of resource pool from SFN 0 of the serving cell regardless the resource pool is for the serving cell or neighboring cells.  
Proposal 2: For TDD configuration 0 and 6, the SA/data resource pool period should be {70, 140, 280} and {60, 120, 240} respectively.
Proposal 3: If the synchronization source is eNB, D2D resource pool and TDD configuration should be the same with cellular.   If the synchronization source is UE, a pre-configured D2D resource pool associated to a pre-configured TDD configuration should be assumed.
Proposal 4: Overlapping of SA and data resources in the resource pool configurations should be permitted.  If the SA and data transmission collide in the time-frequency resources, the receiving UE doesn’t expect to receive data in the overlapping subframes.
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