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1 Introduction

The study report on radio aspects for D2D proximity services is provided in [1], and it concludes the study item. 
In RAN1#77, it was agreed that “Rapporteur to compile a spreadsheet of the RRC parameters needed for D2D according to the agreements and working assumptions reached so far, and a draft LS to accompany it.” And a set deadline for email approval was before RAN1#78 meeting.

During the email discussions for RRC parameters needed for D2D, companies have discussed RRC parameters related to D2D resource pools. No consensus has been reached for a complete list of parameters for D2D resource pools.

This contribution discusses further on the parameters needed for D2D resource pools. 
2 RRC parameters for D2D resource pools
A list of individual parameters v.s. resource configuration index
Two directions of resource pool configuration were discussed, where option 1 is to use a list of individual parameters such as bitmap, offsets, and so on, while option 2 is to use resource configuration index. Option 1 was used and email discussions were in the direction of option 1, while option 2 has not yet been discussed much.  
Option 1 provides more flexibility, and option 2 may have potential to reduce signaling overhead by compression.

The concern raised for option 1 was that it may have more signaling overhead. One way to address the concern is to reduce the signaling overhead as much as possible, such as optimizing the signaling, and utilizing the dependency of different parameters.  

Both options are fine in principle. Given the time constraints to finish RAN1 discussion, option 1 may have some advantages of expediting progress in RAN1. 
Proposal 1: To expedite RAN1 progress, the approach of a list of individual parameters is continued, with emphasis on optimizing the indication methods for these parameters.    

Indication regarding type of resource pool
It was discussed that whether explicit indication of resource pool type is needed or not. The drawback of explicit indication of resource pool type includes unnecessary signaling overhead, as an implicit indication suffices. 
The following example is for discovery case. 

· In SIB, if it includes a TX pool (whether or not to include a TX pool in SIB is up to NW), this TX pool is serving cell’s Type 1 TX pool. The indication that the pool is a TX pool can be implicitly indicated by a TX pool IE. 
· SIB may also include a RX pool for the serving cell. The indication that the pool is a RX pool for the serving cell can be implicitly indicated by an IE for the RX pool for the serving cell. If the RX pool for the serving cell is the same as the TX pool (e.g., the cell only supports Type 1), and if the TX pool exists in SIB, the IE for RX pool for the serving cell can be simply omitted from SIB. If RX pool for the serving cell is indicated, the RX pool can be, e.g., the RX pool for Type 2, and UE can monitor the RX pool for Type 2 of the serving cell and the RX pool for Type 1 of the serving cell (which is the same as the TX pool for type 1), if any.

· SIB may also include RX pool for neighboring cell, with PCID indicated. If RX pool for Type 1 and Type 2 cannot be indicated jointly as some parameters are different, for each neighboring cell, SIB can include an IE for RX pool for Type 1 if applicable, and an IE for RX pool for Type 2 if applicable, where the IE itself can be used implicitly to indicate the type.

Similar discussion can be for communication case.
Proposal 2: The indication for type of resource pool is not needed to be explicit, as implicit indication suffices. A TX pool IE for serving cell, a RX pool IE for serving cell, and RX pool IE for neighboring cell can be used. For a cell only supports type 1, TX pool IE can be indicated, while RX pool IE for the serving cell can be omitted (as it is the same as the TX pool IE). 

TX resource pool in common signaling and dedicated signaling
As agreed in RAN2#86, TX resource pool, e.g., communication Mode 2 TX pool, can be indicated in dedicated signaling. In the RRC parameter discussion in RAN1 on email reflector, it was discussed whether the TX resource pool indicated in common signaling should be the only single TX resource pool, i.e., the dedicated signaling including TX resource pool information should indicate exactly the same pool as the one in common signaling. Such limitation actually is not necessary. The TX pool indicated in dedicated signaling can be different from the TX resource pool indicated in common signaling, e.g., the former can be a subset of the latter.
Proposal 3: The TX pool indicated in dedicated signaling can be different from the TX resource pool indicated in common signaling, e.g., the former can be a subset of the latter.

Bitmap indicating subframes used for D2D 
Bitmap provides good flexibility, but bitmap may potentially have more overhead. To reduce overhead, a smaller sized bitmap can be used, and a time duration window can also be defined, within which the bitmap can be repeated. For TDD cell, the bitmap size can be further reduced by excluding some DL subframes.
Proposal 4: A smaller sized bitmap can be used, and a time duration window can also be defined, within which the bitmap can be repeated. For TDD cell, the bitmap size can be further reduced by only including UL subframes.
Offset related to asynchronous operation
For asynchronous operations, such as inter-cell discovery/communication, it was discussed how to indicate the offsets in time domain so that the UE in a serving cell can monitor or receive signal transmitted by other UE in neighboring (NBR) cell.  As in Fig. 1, assume UE1 is in its serving cell eNB1. UE2 is in its serving cell eNB2. For UE1, eNB2 is a NBR cell. There are following offsets in time domain.
· Offset_SFN0_inter_eNB: eNB2’s SFN0 offset w.r.t. eNB1 SFN0 (SFN0 is the starting subframe of frame with SFN=0)

· Offset_in_eNB1: within eNB1, the offset of the bitmap within a period from where the bitmap starts, w.r.t eNB1 SFN0.
· Offset_in_eNB2: within eNB2, the offset of the bitmap within a period from where the bitmap starts, w.r.t eNB2 SFN0.

· Offset3: the offset of the bitmap within a period from where the bitmap starts in eNB2, w.r.t. eNB1 SFN0. (Offset3 may be a sum of Offset_SFN0_inter_eNB and Offset_in_eNB2).

The question is, for serving cell eNB1, how Offset_in_eNB1 should be signaled; for the serving cell to signal the NBR cell’s timing, should Offset3 be signaled, or should separate Offset_SFN0_inter_eNB and Offset_in_eNB2 be signaled? 
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Fig. 1. Time offsets in asynchronous system

Serving cell signaling the offset for its TX pool

For example, eNB1 signals Offset_in_eNB1. The question is whether 1-subframe granularity is used for all the length of the resource pool period, or can the granularity can be depending on the period.

Granularity of 1-subframe for all the values for period may be too much overhead for signaling, especially for the long period. It is better to make this offset with granularity depending on the period, for example, 3-bit is used, indicating 8 possible offset values, and the offset granularity can be larger for longer period, and smaller for shorter period.

Proposal 5: For serving cell signaling the offset for its TX pool, i.e.,‘Offset_in_eNB’ (the offset of the starting of bitmap w.r.t. eNB  SFN0 ) of the serving cell, offset granularity can be dependent on the resource pool period, so the size of the indication can be reduced, to reduce signaling overhead.
Serving cell signaling the offsets for RX pool of NBR cell
For the serving cell (eNB1) to signal the NBR cell’s (eNB2) timing, two options can be compared,

· Option 1): Offset3 is signaled, 

· Option 2): Separate Offset_SFN0_inter_eNB and Offset_in_eNB2 is signaled
Option 2) is preferred due to the flexibility and overhead reduction, in the case for a cell supporting both discovery and communication, or the call where Offset1 is already signaled in other message, and in the case of synchronous system.
The following example is used to show the comparison of these two options. 

For Option 2), for discovery, Offset_SFN0_inter_eNB = 14bit (due to subframe level accuracy). Assume 8 possible values are for Offset_in_eNB2 given each discovery period (granularity of the offset can be depending on the period.

Then the signaling will be 14bit + 3 bit = 17bit.

If the cell also supports for communication, Offset_SFN0_inter_eNB can be omitted for communication case, and if communication Offset_in_eNB2 can be also omitted (as we do not see a reason for it)

So for a cell which supports both communication and discovery, the total number of bits needed is 17bit.

In addition, if Offset_SFN0_inter_eNB is already given in other messages, such as in other SIB, e.g., other operations such as dual connectivity for asynchronous system, then this offset can be also omitted for D2D, hence the total number of bits will be only 3bit.

For synchronous system, only Offset_in_eNB2 is needed, which is only 3 bits for discovery case.

While with Option 1), for discovery, Offset3 = 14bit (if period is shorter it can be of fewer bits), and for communication offset3 =5 bit if period is 320ms (if period is shorter it can be of fewer bits), in total it has 19 bit, and the 19 bit will always present even if Offset_SFN0_inter_eNB may be already indicated in other messages for other operation for asynchronous system. Further, for synchronous system, it still needs these 19 bits if the staggering resource allocation is supported for both discovery and communication, and it needs 14bits if the staggering resource allocation is supported for discovery, not for communication.   

Hence,

For asynchronous system, 

Option 2) 17bit v.s. Option 1) 19bit (comparable)

Option 2) 4-bit v.s. Option 1) 19bit, if Offset_SFN0_inter_eNB is already in other message for operations in asynchronous system, such as dual connectivity

For synchronous system, 

Option 2) 3bit v.s. Option 1) 14bit if discovery resources are staggered for different cells.
Proposal 6: For serving cell signaling the offsets for RX pool of NBR cell, separate ‘Offset_SFN0_inter_eNB’ (the offset of SFN0 of the NBR cell w.r.t. SFN0 of the serving cell), and ‘Offset_in_eNB’ (the offset of the starting of bitmap w.r.t. eNB  SFN0 ) of the NBR cell are signaled. ‘Offset_SFN0_inter_eNB’ can be omitted in synchronous system.
3 Conclusions

This contribution discusses RRC parameters for D2D, especially for resource pool configuration.

The following proposals are proposed.
Proposal 1: To expedite RAN1 progress, the approach of a list of individual parameters is continued, with emphasis on optimizing the indication methods for these parameters.    

Proposal 2: The indication for type of resource pool is not needed to be explicit, as implicit indication suffices. A TX pool IE for serving cell, a RX pool IE for serving cell, and RX pool IE for neighboring cell can be used. For a cell only supports type 1, TX pool IE can be indicated, while RX pool IE for the serving cell can be omitted (as it is the same as the TX pool IE). 

Proposal 3: The TX pool indicated in dedicated signaling can be different from the TX resource pool indicated in common signaling, e.g., the former can be a subset of the latter.

Proposal 4: A smaller sized bitmap can be used, and a time duration window can also be defined, within which the bitmap can be repeated. For TDD cell, the bitmap size can be further reduced by only including UL subframes.
Proposal 5: For serving cell signaling the offset for its TX pool, i.e.,‘Offset_in_eNB’ (the offset of the starting of bitmap w.r.t. eNB  SFN0 ) of the serving cell, offset granularity can be dependent on the resource pool period, so the size of the indication can be reduced, to reduce signaling overhead.
Proposal 6: For serving cell signaling the offsets for RX pool of NBR cell, separate ‘Offset_SFN0_inter_eNB’ (the offset of SFN0 of the NBR cell w.r.t. SFN0 of the serving cell), and ‘Offset_in_eNB’ (the offset of the starting of bitmap w.r.t. eNB  SFN0 ) of the NBR cell are signaled. ‘Offset_SFN0_inter_eNB’ can be omitted in synchronous system.
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