Nokia Internal Use Only
Nokia Internal Use Only

3GPP TSG-RAN WG1 Meeting #75
R1-135593
San Francisco, USA, 11 – 15 November 2013
Agenda item:

6.2.8.2.1
Source:
Nokia, NSN
Title:
D2D Discovery Signal design
Document for:

Discussion and Decision

1
Introduction
How to support LTE device to device for proximity service has been discussed for several meetings in RAN1 since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are discovery and communication. Furthermore, as agreed already within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· Partial network coverage.

It has been agreed that out of network coverage and partial network coverage are related to only the public safety use case. Furthermore, it was agreed in RAN#61meeting to focus on broadcast type E-UTRA communication in the out of coverage scenario with the highest priority. Since broadcast by definition does not assume knowledge of recipient’s proximity, D2D discovery is not a part of a broadcast procedure. Therefore, our focus in this document is on the D2D discovery in the presence of network coverage, although we in some parts of the document consider also suitability of design alternatives in case of out of network coverage. From physical layer design of view, power efficiency of D2D discovery is essential. 
Some agreements were reached and FFS issues are identified in RAN1 #74b on proximity discovery:

· Discovery uses a sequence plus message

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

· For the message:

· PUSCH structure is reused, with:

· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes

· Rate matching is used for bit size matching and possibly for generating multiple transmissions

· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

With the agreed sequence + message structure, we discuss how discovery message and sequence is designed in section 2 and 3, respectively. More specifically, in section 2 we discuss scrambling, DMRS, CP length, coding and MCS.
2
Discovery Message
In this section we discuss issues that mainly impact the message part of the discovery signal, in particular the scrambling, DMRS, coding and MCS, as well as CP length.

Scrambling:

As agreed in RAN1#74bis, scrambling is to be used for interference randomization, and the main open issue is whether or not the scrambling sequence should be defined in UE-specific manner. Before going into this particular aspect, it is important to highlight that the main mechanism to handle interference between different D2D signal transmissions is the resource allocation itself, which we discuss in a companion contribution [2]. Regardless of the employed resource allocation scheme, some interference remains in any case, and from the decoding performance point of view it is beneficial to have some form of randomization of the interference experienced by the message component. Since the discovery signals are supposed to be repeated over many different transmission opportunities, interference randomization can be achieved already by avoiding utilization of the same resources for discovery signal transmission by the same UEs, either by deterministic allocation or randomization of resources. In practice, this implies some kind of time-frequency hopping of resources used to transmit discovery signals.
Observation 1:  Frequency and time hopping between the resources to transmit discovery signals are the main source of interference randomization between different discovery signal transmission instances. 
In order to properly assess the most suitable design of discovery signal scrambling, we should first clarify what are the potential problems that are supposed to be solved or alleviated by such design. 
1) Decoding performance degradation of one discovery signal message when two or more UEs are transmitting in the same resources

2) Decoding performance between decoding attempts when two or more UEs happen to repeatedly transmit on colliding resources, leading to similar level of experienced interference (i.e. lack of time diversity)
3) Randomization of interference due to in-band emissions among frequency-multiplexed D2D signals.
4) Randomization of interference due to in-band emissions between D2D signals and cellular signals (only if there is frequency-domain multiplexing of D2D and cellular signals)
5) Randomization of interference between colliding D2D and cellular signals if those are configured to take place on the same resources. (For instance PUSCH transmission could be scheduled for a UE close to eNB on a resource that would be used for discovery only by UEs close to cell edge.)

For problems 4) and 5) above, it is sufficient that the scrambling seeds used by D2D discovery and cellular communications are different, but there is no requirement on the exact scrambling used by different UEs transmitting D2D discovery messages in the same subframe. Please note that problem 4) can be minimized if the D2D resources are allocated symmetrically around the center of the band, and a suitable guard band is included between D2D and cellular signals.
Problem 3) requires that D2D discovery signals transmitted in different frequency resources use different scrambling seeds. However, those seeds could be static in time domain and frequency-resource specific instead of UE-specific.
Problem 1) requires that different UEs transmitting in the same resources use different scrambling seeds. For this problem, the seeds could be statically assigned or selected by each UE.

Problem 2) requires that the UEs utilize different seeds in different time resources in order to improve the time diversity.   
Observation 2: With common scrambling on D2D discovery signal messages, it is only possible to randomize interference between D2D discovery signals and cellular communications. Frequency-resource specific scrambling can further randomize interference between D2D discovery signals due to in-band emissions.

Hence, problems 1) and 2) are the ones that require specifically UE-specific scrambling of D2D discovery messages. However, it should be noted that it is not required specifically that the scrambling seed is uniquely assigned to the UEs, as the probability of simultaneous transmissions on the same resources should be kept low by proper selection of D2D discovery resources. Hence, in this context we understand the question on UE-specific scrambling to mean any case where the scrambling seeds are not common to all UEs under the coverage area of a certain eNB (or eventually cluster head for out of coverage case), i.e. a UE-specific scrambling seed does not mean a unique scrambling seed neither require it to be derived from UE ID. 
If UE specific scrambling is adopted, a further issue is that how discovering UEs can know the scrambling seed when decoding discovery message, especially taking into account the inherent extra complexity when more than one scrambling seeds has to be blind detected in the decoding process. Hence, in any case it is critical that the number of scrambling seeds is minimized. 

Observation 3: When considering UE-specific scrambling of discovery message, the number of possible scrambling seeds has to be minimized in order to avoid excessive complexity in UE receiver. 

For the actual detection of the scrambling seeds we see two options:
· Option 1: Discovering UE blind detects the scrambling seed

In this case the UE has to decode assuming the possible scrambling seeds and verify from the CRC if the correct seed was selected. 
· Option 2: Scrambling seed identified by the discovery sequence

For this option, the UEs can know the seeds from detecting discovery sequence. Assuming complexity of detecting different sequences is smaller than that of attempting multiple decoding trails (blind decoding), more scrambling seeds can be used in this option.  
Based on the discussion above, we propose that:
Proposal 1: 
· RAN1 to clarify the needs for interference randomization, taking into account D2D discovery resource allocation and time-frequency hopping of D2D discovery signals. In case UE specific scrambling is to be considered as auxiliary interfere randomization method, the number of possible scrambling seeds has to be minimized in order to avoid prohibitive complexity for the receiver UE. Moreover, in this case:
· FFS on how scrambling seed is known to discovering UE, and Option 2 above can be taken as baseline. 
· FFS on how UEs select the scrambling seed for discovery signal transmission

UL DMRS:
From demodulation performance point of view, increasing the density of current UL DMRS may have mainly two types of benefits:
1) More robust performance in high mobility scenario

2) Better interference estimation for interference-aware receiver

For the first benefit, we see that LTE UL DMRS already can support mobility over 100km/h, which is well within the mobility assumptions for general scenario, which is the main target for D2D discovery. For Public Safety use cases the typical mobility assumptions are also within this range, except perhaps for special cases of high mobility in opposing directions. Considering the second potential benefit mentioned above, as discussed in previous section, either resource hopping or scrambling can be used to randomize the interference in the discovery signal transmitted by each UE. Hence, it is not clear if there is a need to optimize for interference-aware receiver operation, especially considering that the discovery signal itself is expected to be transmitted in multiple occasions. Therefore, we do not see practical benefits for additional DMRS other than the currently specified UL DMRS in LTE.   

Proposal 2: No additional UL DMRS other than the current specified DMRS is required for discovery message part.
CP length:

The frequency-multiplexed discovery signals received by a UE should be aligned within the CP. The needed CP length depends on the expected level of synchronization among D2D transmitters and the detection range of discovery signals. In RAN2#83b it was agreed that discovery signal transmission by idle mode UEs should be supported. These UEs do not have active TA controlled by an eNB and hence, according to RAN1#74b decision, in that case the transmission timing of discovery signals is based on the observed DL timing. Assuming the detection range is smaller than cell size, the spread in timings of the received discovery signals is twice the signal propagation time between UEs, plus the margin of error for UEs determining the DL timing, and the tolerances allowed when setting the transmission timing itself. Taking these factors into account, the short CP would barely cope with a discovery range of 500m which might be short at least for public safety use case. In order to minimize the specification and implementation efforts, it should be considered if the present extended CP could be used as the CP length of discovery signals in case such extended discovery range is required.  
Observation 4: Normal CP length cannot cope with a discovery range of 500m.
Proposal 3: In case discovery range in the order of 500m or larger is required, consider the use of currently defined extended CP. 
Coding and MCS:
From UE implementation point of view, it is most convenient to reuse current PUSCH channel coding (including CRC) for discovery message design. As there is expected to be no feedback loop for discovery signal, specified baseline MCS is most suitable for discovery message. But which baseline MCS to be used needs further investigation.     
Proposal 4: 
· Re-use channel codding (including CRC) of current PUSCH with baseline MCS.
· Which MCS to be used as baseline is FFS.
The discovery message part may carry also some information on physical layer procedures/physical procedure related information. As an example, with cluster type of operation UE can benefit from identifying the presence of a cluster head, which might assist communications in the area by providing a timing reference and eventually resource allocations. Details of the related signaling exchanges between UE and cluster head are FFS, and hence when studying possible content of message part, RAN1 and RAN2 need to take into account the potential utilization of discovery message for physical layer procedures, in order to avoid overlap of the work done in the different RAN WGs. 

Observation 5: In case that some physical layer related information should be carried in the message part of the discovery signal, this might create an overlap of the respective RAN1 and RAN2 studies, which should be avoided. 
3
Discovery Sequence 
It was agreed in RAN1#74b that sequence + message structure is adopted for discovery signal. It was also agreed that UL DMRS is transmitted. Then a further question is if a separate discovery sequence is needed besides DMRS. We can see two benefits of separate discovery sequences:

(1) Separate discovery sequences could allow more efficient proximity detection. Efficiency would be gained because of the fact that discovery sequences can be more tightly packed than TDMed messages as it would be possible to multiplex in a subframe a number of discovery sequences corresponding to messages (with DMRS) multiplexed in multiple subframes. For example, the UE could first search the discovery sequences received in a subframe containing only sequences, and only after detecting one, it would try decoding of the message.
(2) Separate discovery sequences could carry information that cannot be carried by DMRS. An example of such information could be indicating the scrambling seed used in the message, as discussed in Section 2. If the number of seeds is large, the indication would not be possible by DMRS selection. In this case, PSS+SSS type discovery sequences could be an alternative. The first part would be unique and indicate proximity while the second part would carry the information on the seed.   
In view of the potential benefits described above we propose that:

Proposal 5: Discovery sequence and UL DMRS should be decoupled, i.e. UL DMRS should not be used as discovery sequence.
Moreover, it is clear from the benefits highlighted above that the design of the sequence itself is tightly related to the mechanism adopted for scrambling the message part, in particular to the number of scrambling seeds that are supposed to be supported.

Observation 6: The discovery sequence may consist of one or two parts, which are FFS. The selection may be depending on the number of envisioned scrambling seeds for discovery message. 
4         Conclusion
In this contribution, we discuss the how to design discovery message and discovery sequence. We make the following observations and proposals:

Observation 1:  Frequency and time hopping between the resources to transmit discovery signals are the main source of interference randomization between different discovery signal transmission instances. 

Observation 2: With common scrambling on D2D discovery signal messages, it is only possible to randomize interference between D2D discovery signals and cellular communications. Frequency-resource specific scrambling can further randomize interference between D2D discovery signals due to in-band emissions.
Observation 3: When considering UE-specific scrambling of discovery message, the number of possible scrambling seeds has to be minimized in order to avoid excessive complexity in UE receiver.
Observation 4: Normal CP length cannot cope with a discovery range of 500m.
Observation 5: In case that some physical layer related information should be carried in the message part of the discovery signal, this might create an overlap of the respective RAN1 and RAN2 studies, which should be avoided. 
Observation 6: The discovery sequence may consist of one or two parts, which are FFS. The selection may be depending on the number of envisioned scrambling seeds for discovery message. 
Proposal 1: 
· RAN1 to clarify the needs for interference randomization, taking into account D2D discovery resource allocation and time-frequency hopping of D2D discovery signals. In case UE specific scrambling is to be considered as auxiliary interfere randomization method, the number of possible scrambling seeds has to be minimized in order to avoid prohibitive complexity for the receiver UE. Moreover, in this case:

· FFS on how scrambling seed is known to discovering UE, and Option 2 above can be taken as baseline. 

· FFS on how UEs select the scrambling seed for discovery signal transmission

Proposal 2: No additional UL DMRS other than the current specified DMRS is required for discovery message part.

Proposal 3: In case discovery range in the order of 500m or larger is required, consider the use of currently defined extended CP. 
Proposal 4: 
· Re-use channel codding (including CRC) of current PUSCH with baseline MCS.
· Which MCS to be used as baseline is FFS.
Proposal 5: Discovery sequence and UL DMRS should be decoupled, i.e. UL DMRS should not be used as discovery sequence.
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