3GPP TSG RAN WG1 Meeting #77


R1- 142055
Seoul, Korea, 19th – 23rd May, 2014
Title: 
Resource allocation for D2D broadcast communication
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

Agenda Item:
6.2.5.2.1
Document for: 
Discussion/Decision

1. Introduction
In this contribution, we discuss the resource pool configuration and D2D broadcast data channel. We then provide a systematic design of RPT (resource patterns for transmission) for broadcast UEs to resolve the half-duplex constraint and in-band emissions which impact broadcast performance.  
2. Resource allocation
Resource allocation includes two parts: resource pool configurations for all D2D UEs involved in D2D communication and resource selection by a D2D UE for its transmission from the configured resource pool. 

2.1. Resource pool configuration 

For out-of-coverage and in-coverage scenarios, a default resource pool for all D2D communication should be pre-configured and stored in the UEs. For the in-coverage scenario, the resource pool could be reconfigured by the LTE network and be signalled to the UEs.  No explicit control information about the resource pool needs to be transmitted from a D2D UE.  
Proposal 1: The resource pool for D2D communication is either pre-configured or configured by the LTE network. No explicit control information about the resource pool needs to be transmitted from a D2D UE.  
2.2. Resource selection  
D2D broadcast data channel 
The working assumption was made in RAN1#74bis [1] that the D2D physical data channel is based on the PUSCH, reusing its structure. D2D communication should reuse the LTE frame structure to be compatible with LTE WAN access. Radio resources are partitioned in time and frequency with the minimum resource allocation unit being a PRB pair.  
Since the primary application for public safety is group communication, the resource allocation for D2D transmissions should be based on the size of VoIP packets, which have a 328 bit payload with RoHC, with an inter-arrival time of 20 ms. To increase coverage, narrow band (as low as 2 or 3 PRBs) should be employed for D2D broadcast data channel.  

According to the working assumption made in RAN1#76 [2], blind D2D data communication transport block retransmissions are supported. For D2D broadcast communication without closed-loop feedback, autonomous retransmissions could allow more transmission energy to be accumulated.  Retransmissions of the same redundancy version, e.g. RV0, would allow receiving UEs to perform Chase combining, while a fixed sequence of different RVs would achieve performance gain through incremental redundancy combining gain. 

Through link budget and link level simulations [3], we observed that 4 transmissions of a VoIP packet are sufficient for the link level performance to satisfy the SINR requirement for -107dBm receiver reference sensitivity. 
Proposal 2: To increase coverage, narrow band (as low as 2 or 3 PRBs) should be employed for D2D broadcast data channel. 

Proposal 3: 4 transmissions of a VoIP packet should be supported for the link level performance to satisfy the SINR requirement for -107dBm receiver reference sensitivity.
RPT set based on Walsh matrix 

For a large channel bandwidth (e.g. 50 PRBs for 10MHz bandwidth), we need to use FDM for broadcast transmissions from multiple UEs to fully use available spectral resources.  However, this is challenging due to the half-duplex constraint and in-band emissions which impact broadcast performance.  

To resolve these, one possible method is to make sub-frames used for broadcast transmissions from multiple UEs partially overlapped. We can exploit the properties of Walsh matrices to systematically construct RPTs (resource patterns for transmission) for different broadcast UEs. As an example, an RPT set based on Walsh matrix of order 8 is shown in Figure 1. The construction of an RPT set starts from a Walsh matrix H1 of order N. The transformation of multiplying H1 by -1 yields H2. The rows of both H1 and H2 (except the two 1st rows) construct an expanded RPT set. Based on the elements in a row of either H1 or H2, a given broadcast UE determines whether to transmit/receive at potential transmission sub-frames (+1 indicates transmission, and -1 indicates reception). 
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Fig. 1 An RPT set based on Walsh matrix of order 8
The number of potential transmission sub-frames for a VoIP packet is preconfigured as N.  The gaps between sequential potential transmission sub-frames are preconfigured, which can be the same (Np_1=Np_2=…=Np_(N-1)) or different, as shown in Figure 2. Transmission patterns based on the RPT based on Walsh matrices (3rd row in H1 and 6th row in H2 in Figure 1) are shown in Figure 2 as an example. 
Based on the properties of Walsh matrices and the transformation, transmission patterns of broadcast UEs have the following properties:  
· The total number of available transmission patterns in an RPT set based on Walsh matrices of order N is (N-1)*2.  A broadcast UE transmits a VoIP packet N/2 times. 

· For any two broadcast UEs using different transmission patterns, one broadcast UE can have the chance to receive transmissions from the other broadcast UEs, which resolves the half-duplex constraint. 
In detail, one broadcast UE can receive transmissions from the other broadcast UE either N/4 or N/2 times, and vice versa. If broadcast UE1 and UE2 use transmission patterns based on two corresponding rows in H1 and H2 (i.e., H1(i,:) and H2(i,:) with i≠1 where H(i,:) denotes the ith row of matrix H), broadcast UE1 can receive transmissions from broadcast UE2 N/2 times, and vice versa. Otherwise, broadcast UE1 can receive transmissions from broadcast UE2 N/4 times, and vice versa.
· Multiple transmissions of a VoIP packet are randomized in the time domain which alleviates in-band emissions seen at receiving UEs.
· If transmission patterns based on two corresponding rows in H1 and H2 (i.e., H1(i,:) and H2(i,:) with i≠1) are used, all potential transmission sub-frames can be occupied for transmission, which facilitates resource selection from the pool for D2D communication. 

[image: image2.emf]1ms

Transmission 

from Tx 1

Reception 

at Tx 1

frequency

Transmission 

from Tx 2

Reception 

at Tx 2

Np_1 subframes Np_2 subframes Np_3 subframes Np_4 subframes Np_5 subframes Np_6 subframes Np_7 subframes


                                   Fig. 2 Transmission patterns based on the RPT set
The transmission pattern is fixed once a row of the RPT set based on Walsh matrix is chosen.  A fixed transmission pattern facilitates the packet reception/combining at receiving UEs. It also reduces signalling overhead if transmission pattern information is conveyed in the scheduling assignment before data transmission. Frequency hopping can also be employed at potential transmission sub-frames to achieve frequency diversity if the available bandwidth is large enough.
Two broadcast UEs which belong to different groups can reuse the same transmission pattern since they are not interested in receiving packets from each other. 
Proposal 4: To resolve the half-duplex constraint and alleviate in-band emission, sub-frames used for transmissions from different broadcast UEs follow different predefined patterns which partially overlap.  

Proposal 5: RPT sets based on Walsh matrices should be used for RPT construction for broadcast UEs. 
Down-selection of transmission patterns 
For narrower channel bandwidths such as 3MHz (15 resource blocks) and 5MHz (25 resource blocks) for the D2D data resource pool, we may not need to use all the rows of the RPT set for transmission patterns. Hence for this case, we can down-select transmission patterns to provide additional benefits. 

A mechanism is to select even-numbered rows to indicate transmission patterns, as illustrated in Figure 3. With this mechanism, each row can be divided into N/2 regions. Based on the properties of Walsh matrices, there are one +1 (transmission) and one -1 (reception) in each region for each even-numbered row. 
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Fig.3 Down-selection of transmission patterns 
The RPT set of down-selected transmission patterns provides the following additional benefits:  

· Transmissions of a VoIP packet are spread more uniformly which helps with obtaining time diversity.

· To enable DRX (discontinuous reception), the gap between consecutive transmissions (in terms of sub-frames) needs to be large enough to guarantee sufficient decoding time for a VoIP packet. Hence the down-selection mechanism helps reducing overall transmission latency of a VoIP packet.

[image: image4.emf]1ms

frequency

Np_2 

Transmission 

from Tx 1

Reception 

at Tx 1

Transmission 

from Tx 2

Reception 

at Tx 2

Np_1  Np_4  Np_3  Np_6  Np_5  Np_7 


Fig. 4 Transmission pattern based on even-numbered rows 
An example of down-selected transmission patterns is shown in Figure 4, where Np_1, Np_3, … , Np_(N-1) can be set as 1. It means there is no gap needed between two sequential potential transmission sub-frames.
3. Conclusions

In this contribution, we discuss resource pool configuration for the D2D broadcast data channel. We then provide a systematic design of RPTs (resource patterns for transmission) for broadcast UEs to resolve the half-duplex constraint and randomize interference due to in-band emissions.  
We make the following proposals:
Proposal 1: The resource pool for D2D communication is either pre-configured or configured by the LTE network. No explicit control information about the resource pool needs to be transmitted from a D2D UE.  
Proposal 2: To increase coverage, narrow band (as low as 2 or 3 PRBs) should be employed for D2D broadcast data channel. 

Proposal 3: 4 transmissions of a VoIP packet should be supported for the link level performance to satisfy the SINR requirement for -107dBm receiver reference sensitivity.
Proposal 4: To resolve the half-duplex constraint and alleviate in-band emission, sub-frames used for transmissions from different broadcast UEs follow different predefined patterns which partially overlap.  

Proposal 5: RPT sets based on Walsh matrices should be used for RPT construction for broadcast UEs. 
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