
3GPP TSG-RAN WG1 #75
R1-135554
San Francisco, USA, November 11-15, 2013
Source:
BlackBerry UK Limited
Title:
Configuration and Reception of D2D Synchronization and Control Channels 
Agenda Item:
6.2.8.1.1

Document for:
Discussion and Decision
1. Introduction
In RAN1#74bis, working assumptions were reached [1] that:

· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
And that:
· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

Furthermore, a PD2DSCH concept was introduced:
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signaling
· Data

· others FFS

Also, idle mode transmission and reception of D2D discovery messages was agreed in RAN2#83bis [2], including the following:

· It is possible for UEs to receive D2D discovery message while being RRC_IDLE and RRC_CONNECTED.

· If the UE cannot interpret (in AS or higher layers) the received D2D discovery message it may or may not establish an RRC Connection in order to verify the content e.g. with an application server. 

We consider the following open issues that follow from the above conclusions:

· How frequently D2DSS is transmitted relative to PD2DSCH

· The number of quasi-collocated D2DSSs (i.e., how many FFTs are needed per subframe)
· The number of PD2DSCHs the UE must decode in a subframe

· How many PSSIDs the UE must use to decode PD2DSCHs in a subframe
· How the UE determines the physical layer ID of a PD2DSCH

· The behavior of the UE when it cannot interpret a D2D discovery message
2. D2DSS and PD2DSCH Configurations and Reception
Two basic alternatives to synchronization transmission have been proposed.  The first alternative (‘Alt 1’) transmits a synchronization signal and message with a large (e.g. 1 second) periodicity [3], while the second alternative (‘Alt 2’) transmits a synchronization signal and a message at substantially different periodicities (e.g. at 32ms and 2.56s, respectively) [4].  Since idle mode discovery reception and transmission was agreed in the last RAN2 meeting [2], and since idle mode power efficiency is a key aspect of RAN designs, we consider the idle mode power consumption of the two approaches.  In the following, we treat the concept of a PD2DSCH as a generic periodically transmitted physical D2D control channel that is suitable for e.g. synchronization, discovery messages, and/or physical layer control signaling.  
Two extreme scenarios of synchronization are considered for the purpose of this analysis.  The first scenario is known synchronization, where the times of all discovery message transmissions are known and/or being tracked and only the PD2DSCH needs to be received.  The other scenario is where the timing is unknown and the D2DSS must be searched for over the entire discovery message period before receiving the PD2DSCH.    For the purpose of this analysis, we use the agreed power evaluation method [5] and assume:
· 23 dBm transmission for PD2DSCH and D2DSS
· PD2DSCH is transmitted once per second for both alternatives
· D2DSS in the same subframe as PD2DSCH for alternative 1

· D2DSS is transmitted every 32 ms for alternative 2

· D2DSS occupies 2 symbols per subframe in alternative 2

· PD2DSCH is received in one subframe for both alternatives
· One D2DSS is received in addition to the PD2DSCH for alternative 2

· D2DSS is not received in the fully synchronous case for alternative 2
· D2DSS and PD2DSCH are transmitted with the same configurations in the unknown and known timing cases.
The alternatives’ configurations and the power they use assuming known and unknown timing are shown in Figure 1.
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Figure 1: Configuration and Power Usage of Alternative 1 and Alternative 2

We observe that the amount of transmit + receive power is larger, but not dramatically larger, for Alt 2 in the known timing case.  While Alt 2 transmits about 32 times more frequently than Alt 1, because it only transmits in two symbols of a subframe, each transmission of Alt 2 uses 7 times less energy than an Alt 1 transmission.  Furthermore, the PD2DSCH transmission period is long enough such that sleep power constitutes a significant amount of the total.
In both alternatives, the energy consumed in the unknown timing case is larger than the known timing case.  However, Alt 1 consumes dramatically more power than Alt 2 in this case.  This is because the UE can synchronize much more quickly due to the frequent transmission of D2DSS in Alt 2, where the receiver need only be active for roughly 33 ms (to receive a D2DSS and a PD2DSCH).  In Alt 1, the receiver needs to stay active for about 1 second, which leads to a much larger amount of energy.
Since we expect that unknown timing operation is more representative of realistic D2D synchronization and discovery, we feel that Alt 2 is the better alternative from a UE energy consumption perspective.  We also observe that transmitting a D2DSS in multiple subframes can provide time diversity and performance gains in the presence of bursty interference.  
Observations:

· While infrequent transmission of PD2DSCH can save transmit energy, the required energy to search for an infrequently transmitted D2DSS in idle mode operation is much higher than the required transmit energy.  

· Transmitting a D2DSS (where the D2DSS is on a subset of symbols in a subframe) more frequently than a PD2DSCH can significantly reduce the energy required.
Proposal:

· D2DSS is transmitted more frequently than PD2DSCH.

It seems desirable to FDM PD2DSCHs transmitted from multiple UEs in a subframe in order to maintain spectral efficiency.   If we assume a 20 MHz channel and that each PD2DSCH occupies one PRB, then 100 PD2DSCHs could be transmitted in a subframe.  Decoding all 100 PD2DSCHs would seem to require a reasonable amount of computational effort, since it is not too different from the effort to decode PDCCHs in two downlink carrier aggregation.  
It is possible that all PD2DSCHs in a subframe have one physical identity or that they have different physical identities.  If PD2DSCHs in a subframe have different physical identities, a UE could additionally have to determine the identity for each PD2DSCH in order to e.g. receive its reference signal.  In order to limit UE complexity, the UE should be able to determine the PD2DSCH physical layer identity in a simple way, e.g. by determining it from the PSSID of its associated D2DSS such that a single PD2DSCH decode attempt is possible.  

It is also possible that D2DSSs in a subframe could have different timing.  This would mean that a UE has to use a different FFT for sets of D2DSSs with different timing (‘non-quasi-collocated’ D2DSSs).   Using multiple FFTs in a subframe would have significant impact on implementation complexity, and so it is important to establish how many non-quasi-collocated D2DSSs the UE must use as synchronization reference for PD2DSCH in a subframe.  Therefore, we suggest the baseline be that all PD2DSCHs and D2DSSs received by a UE in a subframe are quasi-collocated.   This baseline could be revised if the benefit of multiple non-QCL’d PD2DSCHs and D2DSSs is shown.
Observations:
· The maximum number of PD2DSCHs in a subframe is similar to that required for 2 downlink carrier aggregation

· If each PD2DSCH occupies one PRB on a 20 MHz carrier, 100 PD2DSCHs could be decoded

· Receiving PD2DSCHs at substantially different delays in a subframe will increase the number of required FFTs and PD2DSCH decoding attempts
· UEs need to determine the physical layer ID of PD2DSCH, e.g. to be able to receive the PD2DSCH reference signal.

Proposals:
· Limit the number of non-quasi-collocated D2DSSs used per subframe to receive PD2DSCH(s).
· Baseline is that all D2DSSs received in a subframe are QCL’d.
· The number of PD2DSCH decode attempts per subframe is of the order of 100 or less.

· PD2DSCH has a physical layer identity determined from the PSSID of an associated D2DSS.
· If different PD2DSCHs and/or D2DSSs can be assumed quasi-collocated with respect to delay, the number of PD2DSCH decode attempts does not increase.

The UE will need to determine which D2DSSs it is to use in a subframe.  It could select them autonomously based on measurements (e.g. their relative power, delay, etc.), or it could be signaled how many and which D2DSSs to use.  Both autonomous and signaled selection appear useful.  In the absence of knowledge of the UEs transmitting D2DSSs, some autonomous selection of D2DSSs is needed.  Signaling which D2DSSs to use could e.g. allow UEs to discover more distant UEs associated with weaker D2DSSs (since reception of such D2DSSs would not necessarily be prioritized in UEs’ searchers), and could be useful in the case that D2D transmissions are coordinated.
Observations:
· Autonomously selecting D2DSS(s) is needed, e.g. in the absence of knowledge of the UEs transmitting D2DSS.
· Signaling UEs which D2DSS(s) to use could e.g. allow discovery of more distant UEs associated with weaker D2DSSs, and could be useful in the case that D2D transmissions are coordinated.

Proposal:
· UEs can select D2DSSs autonomously and/or can be signaled which D2DSS(s) to use.

Especially when a receiver combines multiple D2DSS transmissions, D2DSS may be much more robust than PD2DSCH.  In that case, the PSSID of a PD2DSCH can be used as the physical layer identification of a transmitter, even if the message in the PD2DSCH is not decodable.  This behavior can be used to support the RAN2 procedure where the UE cannot interpret the received D2D discovery message and it may establish an RRC Connection in order to verify the content.  
Observations:
· The UE needs to be able to verify a discovery message when it cannot interpret the message.

· D2DSS should be more robust than PD2DSCH. 
Proposal:
· UEs can be configured to report PSSIDs of received D2DSSs

3. Conclusion
In this contribution, we considered how the D2DSS and D2D control channel(s) relate.  For the purpose of this discussion, we assumed that the PD2DSCH is a generic periodically transmitted control channel for D2D that is suitable e.g. for synchronization, discovery messages, and/or to carry physical layer control information.  This led us to the following observations and proposals:
Observations:

· While infrequent transmission of PD2DSCH can save transmit energy, the required energy to search for an infrequently transmitted D2DSS in idle mode operation is much higher than the required transmit energy.  

· Transmitting a D2DSS (where the D2DSS is on a subset of symbols in a subframe) more frequently than a PD2DSCH can significantly reduce the energy required.
· The maximum number of PD2DSCHs in a subframe is similar to that required for 2 downlink carrier aggregation

· If each PD2DSCH occupies one PRB on a 20 MHz carrier, 100 PD2DSCHs could be decoded

· Receiving PD2DSCHs at substantially different delays in a subframe will increase the number of required FFTs and PD2DSCH decoding attempts

· UEs need to determine the physical layer ID of PD2DSCH, e.g. to be able to receive the PD2DSCH reference signal.
· Autonomously selecting D2DSS(s) is needed, e.g. in the absence of knowledge of the UEs transmitting D2DSS.

· Signaling UEs which D2DSS(s) to use could e.g. allow discovery of more distant UEs associated with weaker D2DSSs, and could be useful in the case that D2D transmissions are coordinated.
· The UE needs to be able to verify a discovery message when it cannot interpret the message.

· D2DSS should be more robust than PD2DSCH. 

Proposals:

· D2DSS is transmitted more frequently than PD2DSCH.
· Limit the number of non-quasi-collocated D2DSSs used per subframe to receive PD2DSCH(s).

· Baseline is that all D2DSSs received in a subframe are QCL’d.

· The number of PD2DSCH decode attempts per subframe is of the order of 100 or less.

· PD2DSCH has a physical layer identity determined from the PSSID of an associated D2DSS.

· If different PD2DSCHs and/or D2DSSs can be assumed quasi-collocated with respect to delay, the number of PD2DSCH decode attempts does not increase.
· UEs can select D2DSSs autonomously and/or can be signaled which D2DSS(s) to use.
· UEs can be configured to report PSSIDs of received D2DSSs
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