[bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #78	R1-142929
Dresden, Germany, 18th -22nd, Aug 2014

[bookmark: Source]Agenda Item:	7.2.3.1.1
Source: 	Fujitsu
Title: 	RPT design for D2D communication
Document for:	Discussion and decision

Introduction
In the RAN1#76 meeting, Scheduling Assignment (SA) was agreed to be used to assist D2D broadcast data transmission. For D2D broadcast communication, a broadcasting UE transmits scheduling assignments to indicate at least the location of the resource(s) for reception of the associated physical channel that carries D2D data. 
In the RAN1#76bis meeting, RPT was agreed to be defined for transmission pattern in time and frequency resources.
Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined
· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1
· RPT is either implicitly or explicitly signaled in SA


In RAN1&77 meeting, it was agreed 

Working assumption: 
· Frequency position of data resource is explicitly signalled in SA
· Can be revisited after agreeing other content of SA if it turns out that “too many” retransmissions are required for the SA and/or design of SA and/or associated DCI is not feasible, or if data resource collision turns out to be a significant problem. 
Agreement:
· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis
Working Assumption:
· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA
· T-RPT in the SA indicates:
· Transmission interval(s) between transmission of multiple MAC PDUs
· Number of transmissions of a given MAC PDU (if more than one value is possible)
· Resources for transmission of each MAC PDU
· T-RPT has no more than 256 values
· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers
· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info
· FFS whether the interpretation of the bits is UE-specific or common

In this contribution we provide our view on the design of RPT in the time (T-RPT) and frequency (F-RPT) domain.

Discussion of RPT in time and frequency domain
Following the agreement of RAN1#77, we study the possible joint indication of the data transmission resource using time and frequency indications. Assuming the time domain resources (TTIs allowed for data transmission) is indicated by T-RPT. Since the D2D data transmission resources are selected from a 2-dimensional time-frequency domain, both T-RPT and frequency domain transmission resource pattern (F-RPT) are required to specify and signal the PRBs used for data transmission. Note that single carrier property should be maintained for D2D transmission in order to reach the link level design target of -107dBm. This implies that in the frequency domain, all the used PRBs are contiguous. In other words, only a single set of contiguous PRBs needs to be indicated in the frequency domain in a TTI.  The number of PRBs in the frequency domain should be determined with this in mind. For uniform link level performance, as well as for simplicity, it is better to use a single value in the frequency domain, say x PRBs, for data transmission. Narrow band transmission is preferred, therefore x may take the value 2~4.

Proposal 1: In the frequency domain, a fixed number (x) of contiguous PRBs are used for all D2D data transmissions.  The value of x is FFS.

· Frequency hopping of the transmission resource

In the frequency domain, there are several alternatives of assigning the frequency resources to a D2D transmitter for its data transmission. These alternatives and their advantages and disadvantages are analyzed as below:

1. Assign the same PRBs in different TTIs, i.e. no frequency hopping for D2D data transmissions. The physical or logical frequency domain resources allocation can be indicated with a single value, incurring only the minimal amount of signaling overhead in the resource allocation and SA signals. Fixed PRBs also increases the channel estimation accuracy at the D2D receivers. However, this scheme also cannot take advantage of frequency diversity, and cause higher interference to cellular UL transmission and other D2D transmission due to in-band emission.

2. Apply a hopping pattern in the frequency domain with time granularity of subframe. This can both achieve frequency diversity and reduce in-band emission to other transmissions. Frequency hopping is conducted on per-TTI basis, because intra-subframe hopping has been ruled out due to the poor performance of channel estimation. The frequency hopping pattern can be generated either by eNB with pre-arrangement, such as generated randomly to fully randomize the inter-cell interference, or follows a pre-defined hopping sequence, where the sequence can be either generated as a pseudo-random sequence or generated based on some combinatorial-design pattern, such as Latin square. If the frequency hopping patterns are generated randomly by the eNB, the detailed frequency resources in each transmitted TTI needs to be signaled in the resource grant message and the SA, incurring a large signaling overhead. If hopping follows some pre-defined sequences, a set of hopping sequences can be predefined (configured by the eNB for the in-network UEs, and pre-preconfigured  for out-of-network UEs) for Mode 1 operation. This makes it necessary to include only the index of the hopping sequence, instead of the sequence itself, in the resource grant from eNB and in the SA. Considering the lower control overhead, the latter approach based on (pre-)configuration is the preferred choice. 

Comparing these two alternatives, we propose to allow resource hopping in the frequency domain based on predefined hopping sequences.       

Proposal 2: Adopt frequency hopping for D2D data transmission based on predefined hopping sequences.

· Joint resource determination by T-RPT and F-RPT.

The set of time/frequency resources used for transmission by a UE is determined jointly by T-RPT and F-RPT. Because a UE only transmits in the subset of subframes indicated by T-RPT, it is sufficient for the F-RPT to only indicate the PRBs in each used subframes. However, this makes the size of F-RPT dependent on the number of used TTIs. Another choice is to indicate in the F-RPT (explicitly or implicitly) the PRBs used in every subframe allocated to the D2D transmission, irrespective whether a D2D UE transmits in a subframe or not. This has the advantage of maintaining a fixed size F-RPT. It is also easy to puncture a fixed F-RPT with different T-RPTs to generate multiple, potentially orthogonal or partial overlapping RPTs to meet the requirement of different transmission rates and to satisfy the half-duplex constraint between transmitting UEs in the same broadcast group. 

Proposal 3: F-RPT indicates a frequency hopping sequence in all the D2D subframes within a signaling period, while only those TTI indicated by T-RPT as transmission subframes are used for D2D data transmission. 

Figure 1 shows an example RPT patterns consisting of orthogonal or partially overlapping RPTs in time. A set of such RPT patterns can be considered a RPT group. As an example, within a RPT group, the T-RPTs can be generated based on Walsh matrix to accommodate the half-duplex constraints [5]. An example of T-RPTs that are derived from a 8x8 Walsh matrix is as follows:





Each row corresponds to a T-RPT vector of 8 subframe that dictates transmission (1) or not (0) in each TTI. From a Walsh matrix of , 2n-2 T-RPT vectors can be derived, where row  and row  are complementary to each other.  Because different UE may need different transmission rates, the T-RPT vector can be repeated or punctured or truncated (or combination of the three) to provide the desirable rate.

Proposal 4: T-RPT can be derived from Walsh matrix. Repetition, puncturing and truncation can be used to generate desirable transmission rate. 

The F-RPTs can be generated as a pseudo-random hopping sequence or based on some combinatorial design. A method for F-RPT to both achieve frequency diversity and limit the cross interference between different D2D transmissions is based on Latin square. For Latin squares of  where  is prime, n-1 Latin square matrices can be generated as



where 1≤m≤n . 

For n=5, the first two Latin matrices generated are


and





Each row or column can be used as frequency hopping sequence. It too can be repeated or truncated to desirable length, depending on the frequency resources assigned for D2D data and the resource granularity. 

As an example, in the following RPT group, 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]  (repetition of ) and F-RPT=[3 0 2 4 1 3 0 2 4 1 3 0 2 4 1 3] (repetition/truncation of ).


[bookmark: _Ref393959830][bookmark: _Ref393959789]Figure 1. RPTs that consists of multiple orthogonal or partial overlapping RPTs (in time) shown in different colors. 




In Figure 1, different RPTs have different degree of overlapping in time. The pair of RPTs with solid color and the corresponding checker board pattern with the same color are totally complementary in time, meaning their mutual reception are not hindered by the half-duplex constraint at all. Two UEs transmitting with other RPT pairs are guaranteed to receive from each other in certain number of TTIs and provide a lower bound to the receiving quality. 

Figure 2. Relationship between SA and data. The resources used for SA are independent of the resources used for data. 




· Mode 1 resource request

To maintain maximal scheduling flexibility, the SA resources and the data resources indicated by SA should be independent. 

Within a RPT group, different RPTs are orthogonal to each other for a UE not transmitting itself, or semi-orthogonal between two transmitting UEs considering the half-duplex constraint. They remain orthogonal or semi-orthogonal if neighboring eNBs use orthogonal resources for their D2D transmission. When neighboring eNBs have overlapping resources for their D2D mode 1 data, it is desirable that two UEs in different cells do not use the same set of resources. This prevents consistent collision between two transmitting UEs. Different RPT groups can be configured for different eNBs, where the configuration of the RPT group can be made by eNB to UEs through RRC signals. Different Latin square matrices can be used to derive F-RPT in different RPT groups. When the RPT group (the T-RPTs and F-RPTs within the group) are configured through higher layer, a UE only needs to include an index of the RPT (T-RPT and F-RPT) within the group in its SA signals, therefore reducing the signaling overhead. 

Proposal 5: Consider hybrid scheme combining higher layer (pre-)configuration and L1 signaling for RPT signaling.

Conclusion
[bookmark: _GoBack]To summarize, we have provided a RPT design method based on joint T-RPT and F-RPT signaling, where T-RPT can be derived based on Walsh matrix and F-RPT can be derived based on Latin square matrix. 

Proposal 1: In the frequency domain, a fixed number (x) of contiguous PRBs are used for all D2D data transmissions.  The value of x is FFS.

Proposal 2: Adopt frequency hopping for D2D data transmission based on predefined hopping sequences.

Proposal 3: F-RPT indicates a frequency hopping sequence in all the D2D subframes within a signaling period, while only those TTI indicated by T-RPT as transmission subframes are used for D2D data transmission. 

Proposal 4: T-RPT can be derived from Walsh matrix. Repetition, puncturing and truncation can be used to generate desirable transmission rate. 

Proposal 5: Consider hybrid scheme combining higher layer (pre-)configuration and L1 signaling for RPT signaling.
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