3GPP TSG-RAN WG1 Meeting #77
R1-142350
Seoul, Korea, 19th – 23rd May 2014
Agenda item:
6.2.5.1.2
Source:
InterDigital

Title:
On control signaling and scheduling assignments for D2D 
Document for:
Discussion
1 Introduction

In RAN1#76bis, several agreements were made on the principles of D2D control signaling to support broadcast transmission/reception. It was agreed that apart from data channel (and the associated DMRS) and scheduling assignment (and possibly, PD2DSCH), no separate L1 D2D control channel is defined. For transmissions on the D2D data channel, no new mappings between MCS and TBS are defined outside those existing in R8.

Furthermore, it was agreed in RAN1#76bis to include MCS for the D2D data channel into the SA using the existing 5-bit UL MCS table, but that 64QAM would not be used for D2D transmission. The MCS for the SA itself is fixed in specifications and SA modulation order is set to QPSK. The SA includes an ID of N bits (N<=16, working assumption N=8) to allow for DRX.

Amongst others, it was left for further consideration how to signal the RPT for Mode 1 and Mode 2 and whether NDI and/or RV are needed or signaled. 

In this contribution, we discuss allocation periods for SA and Data and the design principles for transmission resource patterns indicated through the SA including NDI and RV.
2 Principles of D2D Communication Mode 1 and 2
In order to support control signaling for R12 D2D Communication in either Mode 1 or Mode 2 with minimum specification, implementation and testing effort, it is best to review where these 2 modes represent commonalities and where they differ.

In both D2D Communication Mode 1 and 2, a given transmitter UE will send a SA which announces the upcoming transmission opportunities for Data in use by that transmitter UE. The allocation period for which the transmitted SA is valid would typically be in the order of around 200-300 ms based on talk spurt durations for VoIP one-way broadcast transmissions. The SA will also contain an identifier derived from the higher-layer ProSe ID and it will allow for semi-static MCS adjustments valid for the allocation period. Most importantly, the SA will indicate a TRP for Data in the form of a time-/frequency allocation pattern. A receiver UE primarily monitors only those subframes that can contain SAs from different D2D transmitter UE’s. Based on monitoring the identifiers in the SA, the receiving UE’s proceed to demodulate associated Data transmissions in indicated subframes and frequency locations. In consequence, SA is a mechanism that provides for DRX opportunities and allows for some basic link adaptation functionality. Receiver UE’s monitor from candidate SA resources from a pool of reception resources.

In consequence, it can be said that basic R12 D2D design for SA’s including their payload and allocation periods, Data transmission patterns (TRP) including any implicit or explicit relationship between SA and those Data resources can be common to both Mode 1 and Mode 2.

Mode 1 and 2 only differ in the way how SA and/or Data transmission opportunities are selected, and they differ by which entity performs the selection.

In Mode 1, a D2D UE will first solicit D2D transmission opportunities from the eNB using BSR in L2. The eNB then selects and grants D2D transmission resources to the D2D UE. While several details are still under discussion, it is clear that the eNB will either explicitly allocate SA resources to a UE which are then implicitly linked to this UE’s Data resources, or alternatively, SA and Data resources are explicitly and independently allocated by the eNB. In both approaches, the transmitter UE will still indicate the actual Data resources it uses following the D2D grant in its SA. Any D2D receiver UE will then decode the information where to find the Data transmission resources from the SA itself. It is the distinguishing characteristic of Mode 1 when compared to Mode 2 is that the eNB has full control over the selection of resources to be used by a Mode 1 UE.

In Mode 2, it is the UE that will select SA and Data resources using pre-stored information. These pre-determined configurations can in principle be updated at the ProSe application layer or through network signaling in the U-plane. It is still under discussion whether Mode 2 resource selection by the UE would be done using for example, random resource selection, or measurement based or based on decoded information.

In summary, if we base D2D Communication Mode 1 and Mode 2 resource allocation on the principle that the signaling provided in the Scheduling Assignments, the time/frequency relationships between SA and Data and the reception / transmission resource pool definitions are the same, then Mode 1 and Mode 2 differ only with respect to how a particular SA resource is selected (or allocated) from the pool of available resources.
3 SA and Data allocation periods

Typically, a given D2D transmitter UE will require 4 subframes every 20 ms when transmitting VoIP as a payload using 4 total transmissions per SDU. However, scheduling assignments may not need to follow the same periodicity of 20 ms, and can be sent less frequently in the order of 8-10 times per sec. We propose to align transmission opportunities for scheduling assignments to those required for D2D broadcast communication data with VoIP as payload (Figure 1).
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Figure 1: Time-domain allocation of PDBCH carrying control (SA) and Data
One additional consideration is that out-of-coverage UE’s will also need to transmit D2DSS/PD2DSCH in support of transmitter/receiver synchronization. In order to maintain local oscillator lock, it is necessary to transmit D2DSS every 40-60 ms using 2 OFDM symbols occupying 6 PRBs in one subframe. The PD2DSCH can be sent less frequently and when sent is transmitted in a subframe also containing D2DSS from the transmitter UE.

In order to take advantage of co-located transmissions of D2D signals / channels to minimize receiver on-time when monitoring and when receiving VoIP data during a talk spurt, we propose to align the basic multiframe transmission patterns to the 20 ms cycle due to VoIP and 40 ms cycle due to transmission of D2DSS in out-of-coverage.

We propose that the SA resource pools are allocated with a configurable periodicity of either TSA = 40, 80 or 160 ms. A PDBCH carrying a scheduling assignment in scheduling period n schedules multiple PDBCH occurrences carrying VoIP for the next scheduling period n+1 to allow for processing and receiver sync.

It is possible to configure more than 1 transmission opportunity for PDBCH carrying SA, i.e. 2 per scheduling period in order to provide more decoding robustness.

We note that it is not necessary that the allocation periodicities for PDBCH carrying data follow exactly that of the scheduling assignments. Therefore, it is equally well possible to set the allocation duration of PDBCH carrying VoIP to an integer multiple of TSA such as for example TSA = 40 ms and TDATA= 160ms with 4 repetitions of a SA for any given VoIP allocation period.
For out-of-coverage D2D transmitters, UEs will send the D2DSS in the same subframe that contains the PDBCH carrying their scheduling assignment. The 2 D2DSS OFDM time-domain symbols will then puncture into the PDBCH REs.
While PDBCH containing data, i.e. VoIP will not contain multiplexed control information, it is possible that D2DSS will puncture into the PDBCH when the allocation period for data is an integer multiple of that used for the scheduling assignments for certain configurations of the data resource pool.
Proposals:
1. An SA is transmitted by a D2D UE within a PDBCH allocation period of duration TSA = 40, 80 or 160 ms.

2. An SA can be transmitted NSA = 1, 2 or 4 times per PDBCH allocation period.
3. An SA in allocation period n allocates PDBCH in allocation period n+1.

4. The allocation period for PDBCH carrying data is an integer multiple of the allocation period used for the SA.

5. D2DSS, if transmitted, punctures into the first 2 OFDM time-domain symbols of a subframe carrying PDBCH.
4 Resource patterns for transmissions (RPT)
It has already been agreed in RAN1#76bis that the MCS for the D2D data channel is included into the SA using the existing 5-bit UL MCS table. 64QAM cannot be used for D2D transmission. The MCS for the SA itself is fixed in specifications and SA modulation order is set to QPSK. Furthermore, the SA includes an ID of N bits (N<=16, working assumption N=8) to allow for DRX. D2D CP length is set by common higher layer signaling for D2D UEs operating in-coverage. CP lengths for D2D signals and cellular UL can be independently configured.

In addition to allow for efficient DRX operation, it is the main purpose of the scheduling assignment to convey information about the time / frequency location of upcoming PDBCH transmissions within the D2D data resource pool.

Clearly, full allocation granularity similar to LTE R8 UL grants or DL assignments is not possible to support given that SA should not exceed a payload of up to some 35-40 bits. This is to guarantee link robustness with single TTI transmission comparable to VoIP transmissions using 4 total Tx per PDU and by taking into account that they need to contain a lengthy L2 identifier. 
Therefore, we think the baseline for design of the SA should be to index within a list of resource allocation patterns in time/frequency domain. The design of these allocation patterns should take into account frequency-domain hopping of PDBCH for link robustness and time-domain randomization for allowing receiver tracking of multiple D2D receiver groups with half-duplex transceivers.

Another important design consideration is how to support blind HARQ re-transmissions and whether to indicate NDI for new TB’s. We think that it is undesirable that any form of UCI is multiplexed into PDBCH carrying data for multiple reasons. Firstly, explicit indication of either NDI or RV would result in the need for robust L1 coding comparable to UCI multiplexed into R8 PUSCH, i.e. AN and/or CQI. Secondly, given that fixed time-domain allocation patterns with known periodicities are used, it would be unnecessary to convey an explicit NDI and/or RV given that these patterns follow the needs of the VoIP codec generating a new SDU every 20 ms. 
Therefore, we think the recommended approach to support R12 broadcast data, i.e. VoIP is to operate using a fixed yet configurable number of RV transmissions, ex: 4, then start transmission of a new TB in the first allocated transmission opportunity following the SA, then cycle through a known RV sequence. For example, using TSA = 80 ms and TDATA= 160 ms, there will be 16 subframes for VoIP over the 80 ms period resulting in TB1 RV0, RV2, RV3, RV1, then TB2 RV0, RV2, RV3, RV1 and so on being transmitted by the D2D UE.

Proposals:
6. NDI and RV sequence for PDBCH transmissions are implicitly derived through the allocated subframe sequence obtained from the scheduling assignment.
5 Conclusion

In this contribution, we discuss allocation periods for SA and Data and the design principles for transmission resource patterns indicated through the SA including NDI and RV. In summary, we propose that,
Proposals:
1. An SA is transmitted by a D2D UE within a PDBCH allocation period of duration TSA = 40, 80 or 160 ms.

2. An SA can be transmitted NSA = 1, 2 or 4 times per PDBCH allocation period.
3. An SA in allocation period n allocates PDBCH in allocation period n+1.

4. The allocation period for PDBCH carrying data is an integer multiple of the allocation period used for the SA.

5. D2DSS, if transmitted, punctures into the first 2 OFDM time-domain symbols of a subframe carrying PDBCH.
6. NDI and RV sequence for PDBCH transmissions are implicitly derived through the allocated subframe sequence obtained from the scheduling assignment.
References
[1] R1-142351
Distributed resource allocation for D2D
InterDigital

[2] R1-142352
Synchronization signal and channel design for D2D
InterDigital

[3] R1-142537
eNB resource allocation for D2D Communication Mode 1
InterDigital

