3GPP TSG-RAN WG2 Meeting #83bis














R2-133205
Ljubljana, Slovenia, October 7 - 11, 2013
Title: 
Considerations on the resource allocation mechanism for D2D 
Source: 
ZTE 
Agenda item:
7.5.1, 7.5.2.1
Document for:
Discussion
1 Introduction
RAN1 has started discussion on resource allocation mechanism and has provided RAN2 with two candidate approaches:
	1) Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

2) Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission


Although these approaches only explicitly relate to the discovery procedure so far, the mechanisms for D2D communication can be very similar. This paper provides some considerations on both D2D discovery and communication from layer 2 point of view.
2 Discussion
In general, there are two categories of schemes for dynamically sharing a transmission medium. The first one is random access scheme which origins from the ALOHA scheme with a contention-based nature. The other one is a scheduling scheme with medium resource reserved by a scheduler before transmissions. Type I refers to a random access scheme while Type II refers to a scheduling scheme. Scheduling schemes provide orderly access to the medium, whereas random access schemes provide a somewhat chaotic, uncoordinated, and unordered access. When bandwidth is limited, with increasing collision probability, access delay will typically increase with random access scheme. Therefore, compared to random access schemes, scheduling schemes are more suitable for services with stringent delay requirements. It seems safe to say that type II, when well designed, has more margin to meet time delay requirements  than Type I does.
Observation 1: Type II mechanism, when well designed, allows to meet time delay requirements better than Type I mechanism.
2.1
D2D discovery
One important requirement to meet for D2D discovery is to support all coverage scenarios e.g. in-coverage, out-of-coverage, partial coverage. While it is agreed that RAN2 shall focus on in-coverage scenario, other scenarios such as partial coverage and out-of-coverage should also be considered when designing mechanism for D2D discovery. For in-coverage scenario, some enhancement is necessary for Type II mechanism, for example, inter-cell D2D discovery needs negotiation between eNBs. While for Type I, it is simpler as only SIB messages should be enhanced. For out-of-coverage and partial coverage scenarios, Type II has to consider some issues such as how to choose a scheduler header or how to cooperate with scheduler headers. While for Type I, it is possible to share a unique medium resource in all coverage scenarios with same approach, e.g. a contention based way.
Observation 2: For D2D discovery, it is easier to support all coverage scenarios with Type I mechanism than with Type II. 
Another important requirement to meet for D2D discovery is to support charging and authentication. These features are necessary for many use cases [1]. Considering the restricted Prose Discovery Use Case for example (copied here for reference), it is desired to enable charging for the discovery procedure, on a per event basis.

	[PR.16] Both the HPLMN and VPLMN operators shall be able to charge for ProSe Discovery features including:

-
The ability for a UE to be discoverable, including based on the range class;

-
The ability to discover other UEs, including based on the range class;

-
The event of discovering a UE, including based on the range class.


Regarding authentication, in the same use case it is desired to enable authorization of discovery operations, on a per UE basis.

	[PR.13] The operator shall be able to authorize discovery operations for each individual UE.


Given the fact that resources in Type I scheme are allocated for all UEs or group of UEs, authorization or charging per UE/transaction would require more effort. While for Type II, given the fact that resources are allocated per UE (Type 2B) or even per transaction (Type 2A), it seems easier to enable authorization or charging. 
Observation 3: For D2D discovery, charging and authentication on a transaction/UE basis are easier to support with Type II mechanism than Type I.
In addition to meeting the requirement of Prose service, Type II mechanism may bring extra benefit. In general Type I mechanism is contention based and the performance in terms of access delay will be degraded during congestion periods. When a lot of Prose capable UEs perform access requests simultaneously, and contention increases, the quality of Prose services might suffer. To mitigate congestion and to improve system performance, network assistance in terms of scheduling control seems somehow necessary. This enhancement is especially desired in in-coverage scenarios. However, given the autonomous nature of Type I mechanism, network assistance cannot be applied. This creates a demand for Type II mechanism, where it’s easy for the network to assign extra discovery resources during congestion periods or assign resources based on UE profiles.
Observation 4: For D2D discovery, under in-coverage scenarios, Type II mechanism could enable network assistance functionalities.
Nonetheless, Type II mechanism requires the UE to be in RRC Connected state. This limitation may impact UE power saving and network resources. In some use case, e.g. public safety, it shouldn’t be necessary to move the UE into connected mode just for the discovery procedure. However, for other (non public safety) use cases where the UE might be required to enter connected mode for other purposes (such as authentication or charging), Type II mechanism could be safely adopted.
Based on all the observations above, Type I mechanism seems simpler and performs well in most cases. Therefore we propose Type I mechanism as the baseline mechanism for D2D discovery resource assignment. Type II mechanism allows better network assistance and control (including for charging and authentication). Therefore we propose to consider it as alternative mechanism for the in-coverage scenario.
Proposal 1: For D2D discovery, Type I should be the baseline resource assignment mechanism, while Type II should be an additional mechanism for the in-coverage scenario.
2.2
D2D communication

There are two main mechanisms for D2D communication on the table: coordinated access and a CSMA mechanism. The first one could be further split into two categories in terms of signalling interaction. One is fully scheduled resource allocation and the other one is semi-persistent resource allocation. Before evaluating the necessary and complexity of the different mechanisms, it is important to analyze the challenges for these mechanisms in a D2D communication scenario. 
Challenges for fully scheduled resource allocation
Figure 1 outlines a bearer mapping considering both D2D communication and infrastructure communication. RB 1 and RB 2 are for infrastructure communication and RB 3 is for D2D communication.
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Figure 1. Illustration of the bearer mapping
The infrastructure communication generally utilizes dynamic scheduling mechanism where grants are allocated by a centralized scheduler, i.e. in the eNB. However, this mechanism cannot be directly leveraged for D2D communication. According to existing procedures, only “per UE” grants are used to allow the right to transmit on the UL-SCH [2]. There are no “per UE per RB” grants. Therefore the UE could not distinguish which part of the grant is for D2D communication and which part is for infrastructure communication. Communication will fail unless additional enhancements are introduced.
Observation 5: For D2D Communication with fully scheduled mechanism, enhancements are necessary to support RB-based scheduling.
Figure 2 depicts another challenge for fully scheduled mechanism in inter-site D2D communication. In this case, UE 1 is controlled by eNB 1 while UE 2 is controlled by eNB 2. D2D communication may happen when the two UEs are in proximity. Fully scheduled mechanism implies a tight control per each D2D transmission on a sub frame basis. To dynamically assign resources for the communication among UEs, fast negotiation is necessary between the schedulers of two eNBs. This creates a demand for an ideal backhaul between the eNBs.
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Figure 2. Illustration of Inter-site D2D communication

Observation 6: For D2D Communication with fully scheduled mechanism, enhancements are necessary to support inter-site scenarios.
Challenges for semi-persistent resources allocation
In the current LTE system semi-persistent resource allocation is designed for VOIP service. The main idea with semi-persistent scheduling is that the scheduling can be performed on a slow basis where certain resources are pre-allocated according to a pattern that would be suitable for the traffic source (e.g. a fixed resource allocated once every 20 ms for VoIP). This would have the advantage that an UL scheduling grant or DL scheduling assignment would not need to be transmitted for each VoIP frame. The reason why this is called semi-persistent allocation is that the pre-allocated resources by RRC can sometimes be overridden by a dynamic resource allocation. The eNB may schedule the pre-allocated resource for other purposes when no data is to be transmitted for the UE. Therefore, in this way, system throughput efficiency is improved.

However, for D2D communication, only persistent allocation is feasible because the eNB has no knowledge of the actual traffic status between UEs, therefore the scheduler in the eNB could not re-allocate the resources for other purposes. Additional effort should be considered to achieve the full potential of a semi-persistent allocation. 

The challenge is valid for the in-coverage as well as the out-of-coverage scenario, as long as semi-persistent scheduling in current E-UTRAN is reused for D2D communication.
Observation 7: For D2D Communication with semi-persistent mechanism, some enhancements are necessary to achieve reasonable resource efficiency.
In addition to the challenges mentioned above, coordinated access mechanisms should consider other challenges, especially in out-of-coverage scenario. Additional challenges involve issues like: who would be the scheduling center, how to cooperate between scheduling center, etc.
Challenges for CSMA mechanism
Compared to coordinated access mechanisms, challenges for CSMA mechanism are related to the need to develop new MAC/PHY functions to support D2D communication. From a layer 2 point of view, new MAC functions or even new MAC protocol might be necessary to achieve a reasonable QoS for D2D communication, with low signaling overhead under stringent time requirements. Nonetheless, there would be some advantages as well in the definition of a new MAC layer, e.g. nearly no impacts due to legacy specification.
Observation 8: For D2D Communication with CSMA-based mechanism, some enhancements should be introduced to the MAC protocol at the UE side.
Based on all the above observations for D2D communication, we support the idea to adopt a semi-persistent allocation mechanism for D2D communication for the in-coverage scenario, and at the same time consider a CSMA-based mechanism for D2D communication for the out-of-coverage scenario.
And this could also be extended to the case of ‘partial coverage’ (i.e. some UEs in coverage and other UEs out of coverage): the allocation strategy could depend on the transmitting UE: if it is under coverage then a coordinated access mechanism will be used, while if it is out-of-coverage, then a CSMA-based mechanism will take place.
Proposal 2: For D2D communication, it is suggested to adopt a semi-persistent allocation mechanism for the in-coverage scenario and a CSMA-based mechanism for the out-of-coverage scenario.
3 Conclusion
Observation 1: Type II mechanism, when well designed, allows to meet time delay requirements better than Type I mechanism.

Observation 2: For D2D discovery, it is easier to support all coverage scenarios with Type I mechanism than with Type II. 

Observation 3: For D2D discovery, charging and authentication on a transaction/UE basis are easier to support with Type II mechanism than Type I.
Observation 4: For D2D discovery, under in-coverage scenarios, Type II mechanism could enable network assistance functionalities.
Proposal 1: For D2D discovery, Type I should be the baseline resource assignment mechanism, while Type II should be an additional mechanism for the in-coverage scenario.

Observation 5: For D2D Communication with fully scheduled mechanism, enhancements are necessary to support RB-based scheduling.

Observation 6: For D2D Communication with fully scheduled mechanism, enhancements are necessary to support inter-site scenarios.
Observation 7: For D2D Communication with semi-persistent mechanism, some enhancements are necessary to achieve reasonable resource efficiency.

Observation 8: For D2D Communication with CSMA-based mechanism, some enhancements should be introduced to the MAC protocol at the UE side.

Proposal 2: For D2D communication, it is suggested to adopt a semi-persistent allocation mechanism for the in-coverage scenario and a CSMA-based mechanism for the out-of-coverage scenario.
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