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1. Introduction
In the RAN1#77 meeting, resource allocation aspects on Type 2B Discovery and Mode 1 communication were discussed under this agenda item. From the discussion, the following agreements and working assumptions were achieved:
Working assumption:
· For Mode 1, DCI format which is same size as existing DCI format 0 is used for allocating D2D Data and SA
· Same grant for D2D Data and SA
· For Mode 1, a D2D RNTI is used to distinguish a grant for WAN from grant from D2D

Agreements:
· For communication Mode 1, the current PUSCH UL PC is baseline
· Values of P0 and alpha for Mode 1 D2D communication are configured by eNB. 

· P0 and alpha for D2D can be different from P0 and alpha for WAN

· eNB-UE path loss is used not UE-UE path loss.

· X bits TPC command is conveyed in D2D grant. 
· FFS: X bits (X > 0)
· FFS whether power control parameters are the same between SA and data
· FFS whether accumulate PC or absolute PC

· FFS boosting range is different from cellular

· Maximum power transmission is not precluded

We discuss eNB controlled resource allocation in this contribution. In particular, we provide our opinions on the requirements, RPT design, channel selection and required signaling.  
2. Discussion and analysis
2.1. Requirement for Mode 1 transmission resources  

Mode 1 UEs are RRC_CONNECTED UEs that can send D2D transmission requests to eNB and get their transmission resources assignment from eNB. This process is very similar to the UL scheduling process of Rel.8. In the design of the Mode 1 transmission resource allocation, we need to consider interference between D2D transmissions and UL WAN transmissions, interference between Mode 1 UE transmitting in the same cell, interference between Mode 1 UEs transmitting from different cells, and interference between transmissions of Mode 1 UEs and Mode 2 UEs.
The following observations are made and need to be considered when designing resource pool structure and resource unit patterns:
1. In-band-emission.  This may affect both WAN traffic and D2D ProSe traffic. 
2. Pure FDM cause problem due to the half-duplex operation of D2D UEs. Pure FDM between resource units in a resource pool should be avoided. 
3. Pure TDM of resource usage limits the transmission range.
4. Some frequency domain diversity can improve the performance among all the receiving UEs in a broadcast communication session. 
5. Interference between D2D transmissions scheduled by the same eNB, scheduled by different eNBs, and between Mode 1 UE and Mode 2 UE need to be avoided or managed.
Based on observations 1, 2 and 3, we believe TDM+FDM structure should be employed for resource pool and resource unit design. This is also supported by our simulation results, which shows that TDM+FDM based resource allocation is superior to FDM based solution. The details of the simulation are presented in our companion contribution in [4].
Because an eNB schedules the resources used by all its Mode 1 UEs, interference among these D2D broadcast sessions can be largely avoided with orthogonal RPTs. Multiple orthogonal RPTs can form a RPT group, which can be configured by an eNB for its Mode 1 UEs through SIB or RRC signals. Details of RPT design can be found in [3]. Therefore we propose

Proposal 1: A RPT group consists of multiple orthogonal RPTs. An eNB schedules a Mode 1 transmission in its cell based on a single RPT group. Configuration of the RPT group is signaled for its Mode 1 UEs through SIB or RRC signals. 

Not all the RPTs within a RPT group are used by D2D transmissions at all time. Resources of the unused RPTs can be scheduled by eNB for normal UL WAN transmission. As eNB schedules both D2D transmissions and UL WAN transmission, it can apply interference management techniques between the D2D and UL transmissions, as discussed in [4].
Mode 1 transmissions from different cells may interfere with each other if are scheduled from the same resource pools. Given the limited resources for D2D, it may not be feasible for eNBs that are close to each other to have orthogonal resources or orthogonal RPT groups. However the interference between different Mode 1 UEs must be managed provided that the D2D transmissions are not overloading all the resources. Per the WID, there is no standardized inter-eNB coordination based on the X2 interface or the air interface. This implies that neighboring eNBs may not always coordinate with each other when they are scheduling Mode 1 transmissions in their own cells. This requires RPTs from different cells may not cause significant mutual interference, even when two UEs are scheduled by their uncoordinated eNBs to transmit with these individual RPTs. Neighboring eNBs can use different RPT groups to randomize the interference. But the worst case interference should be avoided with proper RPT design.
Proposal 2:  Different RPT groups can be used by different eNBs to reduce the interference between Mode 1 transmissions from different cells. RPTs from different groups should cause only limited interference, even with uncoordinated eNBs. 
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Figure 1. A RPT group with RPTs that consists of multiple orthogonal or partial overlapping RPTs in time shown in different colors.
Figure 1 shows an example RPT patterns consisting of orthogonal or partially overlapping RPTs in time. As an example, the T-RPT can be generated based on Walsh matrix and the F-RPT can be generated based on Latin square matrix. The solid red RPT pattern follows a T-RPT = [1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1] and F-RPT = [3 0 2 4 1 3 0 2 4 1 3 0 2 4 1 3]

Some of the PRBs can be blanked according to the demand and implementation of eNB, which could serve inter-cell and intra-cell ICIC function. Under this structure of T-RPT incorporating with F-RPT, maximum of flexibility of resource scheduling and compatibility with WAN traffic scheduling can be achieved accordingly.
Proposal 3: Multiple RPTs groups can be defined. A RPT group is consisted of multiple orthogonal RPTs. RPTs from different RPT groups are non-orthogonal but with only limited interference.
Considering the transmission range of D2D transmission (subject to -107dBm received signal strength requirement) is much longer than a typical cell size, the cellular assumption of reuse of 1 may not apply. eNBs that are close to each other may have to use orthogonal resources if the expected D2D load is heavy. But given limited radio resources for D2D, the same resources will be by D2D transmissions in different cells and the above interference management principle through RPT design still applies.
Proposal 4: The number of RPT groups defined should support the radio resource usage expected for D2D.
Mode 1 and Mode 2 transmissions are likely to coexist within a network. UEs that are out of the network coverage will use Mode 2. UEs within the network coverage may use Mode 1, or also use Mode 2 due to its low signaling overhead and delay. UEs in RRC_IDLE state may transmit with mode 2 without first transitioning to RRC_CONNECTED state. The interference between Mode 1 and Mode 2 transmissions must be considered. Without coordination between Mode 2 UEs and between Mode 2 UEs and eNBs, the same RPT design principle can be used to mitigate the interference between these D2D transmissions. Mode 2 UEs can be configured with a RPT group or groups that are different than the RPT groups used by the eNBs. This guarantees the worst interference between a Mode 1 UE and a Mode 2 UE is limited. In the example RPT design in Figure 1, if two of the RPT groups are used by two eNBs for their Mode 1 UEs, and the remaining RPT group is configured to and used by the Mode 2 UEs, the interference between Mode 1 UEs and Mode 2 UEs can be managed. The interference between Mode 2 UEs can also be mitigated with robust coding.   
Proposal 5: Different RPT groups can be used by Mode 1 UEs/eNBs and by Mode 2 UEs to mitigate the mutual interference.  

When eNB assigns RPT resources to a Mode 1 UE, it will be beneficial if the eNB has channel measurement information regarding the RPT resources, so it may assign the best RPT resources to the UE. The transmission may reach more distant UEs or use higher MCS with better channel condition (less interference). The eNB can conduct channel measurement itself. But the UEs are at better positions to conduct such channel measurements. Therefore we propose that the request UE include its channel measurement at least for some RPT resources.  

Proposal 6: The D2D resource request message can include channel measurement results for some candidate RPT resources in the RPT group.
3. Conclusion

We discussed resource allocation for Mode 1 UEs broadcast communication. The following proposals have been made: 
Proposal 1: A RPT group consists of multiple orthogonal RPTs. An eNB schedules a Mode 1 transmission in its cell based on a single RPT group. Configuration of the RPT group is signaled for its Mode 1 UEs through SIB or RRC signals. 

Proposal 2:  Different RPT groups can be used by different eNBs to reduce the interference between Mode 1 transmissions from different cells. RPTs from different groups should cause only limited interference, even with uncoordinated eNBs. 

Proposal 3: Multiple RPTs groups can be defined. A RPT group is consisted of multiple orthogonal RPTs. RPTs from different RPT groups are non-orthogonal but with only limited interference.
Proposal 4: The number of RPT groups defined should support the radio resource usage expected for D2D.

Proposal 5: Different RPT groups can be used by Mode 1 UEs/eNBs and by Mode 2 UEs to mitigate the mutual interference.  

Proposal 6: The D2D resource request message can include channel measurement results for some candidate RPT resources in the RPT group.
4. References

[1] Chairman’s notes, RAN WG1 #77
[2] 3GPP TR36.843 v1.2.0,“Study on LTE Device to Device Proximity Services; Radio Aspects”
[3] R1-142929, “RPT design for D2D communication”, Fujitsu.
[4] R1-142932, “Distributed resource allocation for D2D broadcast”, Fujitsu.

[5] R1-142931, “Discussion on RRM measurements for D2D communication”, Fujitsu.
 1

[image: image1]