3GPP TSG-RAN WG1#76bis


R1-141235
Shenzhen, China, 

31st March – 4th April 2014
Agenda item:
7.2.7.2.1
Source: 
IAESI
Title: 
Self-organizing D2D communication using knowledge enforcement
Document for:
Discussion / Decision 
1. Introduction
This contribution provides a protocol for distributed D2D communication, based on the control knowledge enforcement by each transmitting UE.

The relevant requirements are listed below:
The LTE_D2D_PROX WI in ‎[1] includes the following topic addressed in this contribution:

1. Specify resource allocation mechanisms for D2D discovery and broadcast communication [RAN1, RAN2] 

· Distributed resource allocation mechanisms from allocated resource pool(s), for D2D discovery and broadcast communication [RAN1, RAN2] 

2. Specify physical layer and higher layer techniques to enable the LTE network to manage, and continuously control D2D discovery and communication [RAN1, RAN2]

3GPP TR 36.843 9 (see ‎[2]) gives some insights on aspects related to D2D operation, as:
Requirements
Resource allocation

From a transmitting UE’s perspective, a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or Release-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
Working assumption: For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE.
Working assumption: Blind retransmission of D2D data communication transport blocks is supported.
Definitions and additional requirements are provided in TR 22.803 ‎[3], where are defined the meaning of Group and Broadcast Communication.
1.  ProSe Deployment and Spectral Efficiency considerations
Based on the use cases described in ‎[3], there may be several Groups operating in the same area. Given the fact that an UE transmitting in one group may block (i.e. reduce the receiver sensitivity) of an UE receiving on a PRB in the same or adjacent channel, special measures should be taken for avoiding such scenarios.

In this proposal a Group can be formed from at least two UEs. 
In the same time special attention should be given to increase the spectral efficiency of the spectrum. Scheduling each UE transmission in a different time interval is a very easy design, but its spectral efficiency is the worst. So the target should be to use the frequency dimension for scheduling transmitters in frequency domain.

A possible solution is to select the UEs which can use the same time interval, but different frequency resources (different PRBs within the same or different frequency channels within the same RF band, protected by a filter) is based on the co-location criteria. Two collocated UEs can transmit in the same time, as the destination UEs can decode the transmissions which will suffer only from the PRB-to-PRB interference or adjacent channel interference, which is below 30dB in most cases. The exact values for Adjacent Channel Selectivity are provided in 3GPP TS 36.101.
1.1. UE classification based on received energy levels

UE2 can measure the energy of the REs used for transmission by UE1; very high energy means that UE1 and UE2 are almost collocated; a lower energy may indicate that a near-far problem may appear, such that a RB should be used as guard-band; an even lower energy level indicate that more serious near-far problem may appear, such that 2RBs should be used as guard band. The actual thresholds of the energy levels can be configured by the higher layers.
The measurement can be done on DMRS (demodulation reference signals, also named user-specific reference signals) of the transmitting UE, on other reference signals to be defined for D2D (Device to Device) or on the actual data traffic.

It should be noted that the grade of collocation can be indicated by energy/power measurements using different specified resources, for example RBs or subbands or full channels.

This proposal considers that UE should be configured with DMRP (DMRS received power) thresholds allowing determining the grade of collocation with another UE and with the required guard RBs, if any, for allowing reduced interference between this UE and other UEs transmitting in the same time.
It is also needed that UE or the network will insert guard RBs between the frequency resources allocated to this UE and another UE operating in an adjacent frequency resource function of the DMRP measurement result.

Observation 2: The grade of collocation can be indicated by energy measurements

Proposal 1: UE should be configured with DMRP (DMRS Received Power) thresholds allowing determining the grade of collocation with another UE.
Proposal 2: UE should be configured with the required guard RBs, if any, for allowing reduced interference between this UE and other UEs transmitting in the same time.

Proposal 3: The UE or the network should insert guard RBs between the frequency resources allocated to this UE and another UE operating in an adjacent frequency resource function of the DMRP measurement result.
1.2. Further classification based on receive activity
In ProSe communication the users form Groups, where a Group is defined in ‎[3] as “ProSe Group Communication: a one-to-many ProSe Communication, between two or more UEs in proximity, by means of a common communication path established between the UEs.”

In fact the members of a Group, even if almost collocated, may not be able to transmit in the same time, as they may have to hear one to each other. So a criterion for down-selecting the UEs which can transmit in the same time while using different frequency resources is that they belong to different groups.

Proposal 4: Almost collocated UEs, members of different groups, should be allowed to transmit in the same time, while using different frequency resources.
UEx may not be interested in the data received from a specific UEy. The transmission of UEx can be scheduled in the same time interval with the transmissions of UEy, if UEx is not interfering with the receivers of UEy (named here UEz, UEt). To assess the interference created by UEx is possible to use the reciprocity of the interference, i.e. the energy of the received signal by UEx from UEz and UEt is the same as the interference created to them by UEx, subject of adjustments considering the actual transmitted energy by each UE. If the UEx will receive by messaging the information about the energy of the wanted signal at UEy and the transmitted energy of UEz and UEt it will be possible to assess the level of created interference when using an adjacent frequency allocation, possibly whiule including guard RBs.
Proposal 5: An UE not interested in receiving data from a specific UE could transmit in the same time with it, subject of evaluation of created interference to the receivers of that specific UE.

Each UE can run multiple applications; another UE in the Group may be interested in communications referring to a sub-set of the applications, if any. A possible implementation can consist in scheduling the UEs in multiple time-intervals, each time interval being dedicated to a specific application. 
An UE not interested in a specific application could transmit when an UE is transmitting data pertinent to that application. The same steps as in Proposal 5 should be followed for assessing the interference created to the UEs receiving data for that application. However there is a problem to its target receivers, which may not be able to decode transmissions from two UEs in the same time.
Proposal 6: An UE not interested in a specific application may transmit when an UE is transmitting data pertinent to that application. Such transmissions should be also accepted by the higher layers and the capability of target UEs to decode data received from two UEs. The same steps as in Proposal 5 should be followed for assessing the interference created to the UEs receiving data for that application.
In some cases may be needed communication between Pro-Se groups. This can be implemented as ProSe broadcast, requiring a dedicated time interval, when all the other UEs cannot transmit. The number of dedicated time intervals will be dependent of the number of broadcast transmitters.
Observation 3: The number of dedicated time intervals will be dependent of the number of broadcast transmitters.

1.3. Transmitted energy
For providing same coverage independent of the traffic, i.e. for voice and video, the energy transmitted per RB should be similar. However for increasing the coverage the high volume data should be transmitted in more subframes as compared with low volume data or voice. This conducts to a general case when the number of time intervals per UE could be variable.

Observation 4: The number of time intervals per UE could be variable.

2. D2D communication framing
Based on the above analysis, the D2D communication framing should provide:
· Subframes for transmission of information by the active UEs, the number of subframe per UE being variable

· Reference signals for the measurement of energy at receiver

· Admission of new active transmitting UEs

· Release of resources by the inactive transmitting UEs

· Resources for Discovery

· Resources for exchange of system information, including the usage of time-frequency resources.
2.1. Minimum resource allocation
Each group should be configured with minimum time-frequency resources for communication within a System Frame (40ms in LTE). These minimum resources in time domain could be a number of distributed subframes (1ms each) to be used as guaranteed transmission opportunities by the senders in a sender list, while in frequency domain could be a number of PRBs located in the middle of a larger frequency channel. For example, could be allocated 6 PRBs (which may form also a 1.25MHz channel). 
One of the subframes could be used from time to time for control messages, for example requests to join the group or to enter the sender list or even for sending discovery messages.

In Figure 1 is illustrated this approach. Group 1 was configured with the guaranteed subframes U2, U12, U22, U32, having frequency resource in the middle of the band and with a control subframe U8, while Group 2 was configured with the guaranteed subframes U5, U15, U25, U35 and with a control subframe U28.
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Figure 1 Subframe allocation for D2D Groups

Based on the traffic characteristics, the D2D communication was allowed to use the additional common subframes U17, U18, U19 having U38 as control subframe.

The allocation in the middle of a frequency channel will allow the extension of the frequency resource in both frequency directions, if needed. The UEs belonging to the communication group should have priority in expanding the needed frequency resources. Further in the channel, in a specific subframe, could be allocated upon request resources for an UE from another group, while respecting the collocation criteria listed above. These resources are conditionally allocated, based on the existence of collocation criteria.

An example is provided in Figure 2. The guaranteed subframes for Group 1 are S=x+2, and S=x+5, which the control of Group 1 is assigned in subframe S=x+7. The guaranteed time-frequency resources are used at the depicted moment by UE1, which operates within the guaranteed frequency resource and UE4, which has extended the frequency resource in both directions.
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Figure 2 time-frequency resource allocation for D2D Groups

The guaranteed resources for Group 2 are within the subframes S=x+3 and S=x+6, occupied by UE2 and UE5. The control subframe is not shown.

The guaranteed resources for Group 3 are within the subframes S=x+1 and S=x+4, occupied by UE7 and UE3. The control subframe is not shown.

It can be observed that the spare frequency resource is used by some UE belonging to other groups and that the guard interval between the occupied frequency resources is variable. For example, in the subframe S=X+2 operates in addition to UE1 also UE6, belonging to Group 2 and UE3, belonging to Group 3. The guard interval between UE3 and UE1 is higher than the guard interval between UE1 and UE6.

Proposal 7: The WAN should make available a guaranteed time/frequency resource allocation for each Group.

2.2. Elements of a knowledge-enforcing distributed protocol
An UE will be identified by its temporary or absolute network identity; the temporary identity could be formed by the Group identity and a random number or just by a random number.
2.2.1. Distributed knowledge

This distributed proposal keeps the spectrum utilisation as a common knowledge of the groups using the spectrum. The common knowledge is learned from a previous transmitter and broadcasted again by the following transmitter.

The common knowledge includes a list of IEs (information elements); 

The first IE in the list includes the general information about the Group, for example:
· Group ID;

· Sequence of guaranteed time slots for the Group;

· Sequence of additional time slots made available by WAN (if known);

· Control subframes for groups and additional subframes;

· Central frequency of the channel or of the main channel in case of Carrier Aggregation;
· BW of the channel.
Each following IE includes:

· The relative time shift from the current transmission to the transmission described in the IE (it is zero if the UE is the current transmitter or can be the time interval, in subframes, from the System Frame start, if known);

· If the transmission takes place in a guaranteed subframe for this group, in a subframe from the additional group or in a subframe guaranteed for another group;

· The identifier of the UE using the transmission opportunity; 
· The frequency resource to be used by the UE (RB or subband or channel start, number of RBs or subbands or channels) at the next transmission in the same subframe. If the UE using the transmission opportunity indicates 0, this means that the resources in this subframe are released;
· UE identity to retransmit in this subframe the data provided by UEx in a subframe y which occurred in the past (relative subframe designation should be used);
· The Tx energy per RE or per RB or per subband or per transmitted BW.

· The code(s) of the application(s) which will transmit data in the subframe.
For example, if the Group uses 6 subframes, 5 of them being guaranteed transmission opportunities with an interval of 10ms between them, the relative time shifts of the subframe, in each of the transmitted IEs in the list, could be:

0, 10, 16, 20, 24, 30, where 0, 10, 20, 30 refer to guaranteed data transmission, 16 is assigned for control and 24 is used as non-guaranteed opportunity.

An example showing the broadcasting of list order and members is shown in Figure 3, where UE4 from Group 1 indicated the resource allocations for itself in the next S=x+1, for UE1 in S=x+2, for UE4 in S=x+3, for UE4 in S=x+5, for UE8 in S=x+8 and for Control of Group1 in S=x+7.
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Figure 3 List of resource allocations

In case that a timeslot is reserved for group entry or for claiming a place in the sender list, a special code will indicate its use by any UE.   
If a transmission opportunity is not used yet it can either be claimed by an UE which will insert its IE in the list, or it will be requested using the general slot for entry in the sender list. In the last case, the first sender which has decoded the request will update the list with the identity of the requester.
In its request to enter the sender list, a requester will provide the time shift of the claimed subframe (in number of subframes) from the moment of its request and the claimed frequency resource, defined as shown above.

An UE, not sending yet, and which requests a place in the sender list can claim a subframe already used by an UE, if that UE is using multiple transmission opportunities.

Proposal 8: It is proposed that the above described protocol based on knowledge enforcement will be implemented for D2D Group and Broadcast communication.

3. Conclusions

Proposal 1: It is proposed that the above described protocol based on knowledge enforcement will be implemented for D2D Group and Broadcast communication.
Proposal 2: UE should be configured with DMRP (DMRS Narrowband Received Power) thresholds allowing determining the grade of collocation with another UE.

Proposal 3: UE should be configured with the required guard RBs, if any, for allowing reduced interference between this UE and other UEs transmitting in the same time.

Proposal 4: The UE or the network should insert guard RBs between the frequency resources allocated to this UE and another UE operating in an adjacent frequency resource function of the RNRP measurement result.
Proposal 5: Almost collocated UEs, members of different groups, should be allowed to transmit in the same time, while using different frequency resources.

Proposal 6: An UE not interested in receiving data from a specific UE could transmit in the same time with it, subject of evaluation of created interference to the receivers of that specific UE.

Proposal 7: An UE not interested in a specific application may transmit when an UE is transmitting data pertinent to that application. Such transmissions should be also accepted by the higher layers and the capability of target UEs to decode data received from two UEs. The same steps as in Proposal 5 should be followed for assessing the interference created to the UEs receiving data for that application.
Proposal 8: The WAN should make available a guaranteed time/frequency resource allocation for each Group.
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