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1
Introduction

In the minutes from RAN1#74bis which were approved at RAN1#75 the following items regarding ProSe device-to-device (D2D) control channel contents and signalling were identified for further discussion [2]:

"Control signalling contents on D2D link may include (depending on the scenario):

· resource allocation (within any available resources for D2D communication)

· MCS indication

· other items FFS".
It was also concluded that [2]:

"For transmission of control signalling on D2D link, FFS between: 

· Separate physical channel for control signalling, e.g. similar to PUCCH

· Multiplex control signalling into data channel, e.g. similar to UCI piggybacking on PUSCH, or at MAC level, or via DMRS. 

· FFS whether there could be only control signalling in this case".
In this document we make some proposals on the contents and physical design of the D2D communication control channel.

2
General discussion on purpose of control channel

It is assumed in this paper that the D2D control channel is used when outside of network coverage.  
There have been several suggestions as to how resources will be chosen by a UE for the transmission of the D2D communication data channel:
· A purely contention based scheme, which may be random or use a CSMA protocol.

· A totally centralised scheme where the allocation is performed by the cluster head, for example by request/grant.
· A reservation scheme where a UE announces that it will use particular resources on a reservation channel.
There have also been suggestions that a combination of contention-based and simple scheduling or other semi-centralised or partitioned schemes could be used.  Additionally several companies have suggested that both contention-based and scheduling-based solutions should be studied.  If the source UE ID and the Group ID are considered to be part of the control information then no matter what scheme is selected, control information will always need to be sent from one device to another.  Hence it must be considered how this can be achieved and what other information needs to be sent.

Several RAN1 contributions have suggested that a control channel should be used to grant or reserve the resources that a UE uses for data transmission.  These grants or reservations may be dynamic or of a semi-persistent nature so as well as specifying the resource in terms of frequency and time, a period or duration may also be included.  In addition to the physical resource, the format of the transmission in terms of modulation and coding scheme (MCS) will need to be conveyed from one device to another.  For certain services there is a requirement for HARQ [3] and although this may be blind (i.e. with no closed-loop physical layer feedback) in Release 12 [1], it may still be beneficial to provide some HARQ information on the control channel.  For example a new data indicator (NDI) may be required if it is dynamic in nature.

Observation 1: D2D control information will have to be sent between UEs no matter which scheme is used to select resources for data transmission.

3
Estimated size of control channel
If the control channel is to be used for reservation or allocation then the control information elements and an estimate of their sizes are shown in Table 1.  The UE ID and Group ID sizes are not currently known but a reasonable estimate is two octets each.  The resource indication would not only specify the physical resource but could include other parameters such as those discussed in section 2.
Table 1 - Contents and estimated size of the control channel

	Field Name
	Estimated size in bits (separate control channel)
	Estimated size in bits (multiplexed control info)

	UE ID
	16
	16

	Group ID
	16
	16

	MCS indication
	5
	5

	Resource indication
	23
	1

	Total size
	60
	38


Note that if the control information is multiplexed with the data then there is no need for most of the bits in the resource indication and so the total size of the control information reduces accordingly.
4
Separate control channel or multiplexed with data?
There were two main alternatives proposed for transmission of control signalling discussed at RAN1#74bis, as quoted in the introduction.  The first is to have a separate physical channel and the second is to multiplex the control onto the data channel.  Furthermore, several mechanisms have been identified for multiplexing and these are: in a manner similar to UCI on the PUSCH; via DMRS or at the MAC level.  The two main alternatives for transmission of control information each have their own advantages and disadvantages as detailed in the following subsection.
4.1
Advantages and disadvantages 
An advantage of having a separate physical control channel is that it is only necessary to read the messages in the grant/reservation channel.  This should reduce power consumption since it is not necessary to decode all data channel messages over the entire bandwidth.  It may also be less complex to implement because there is the possibility of reuse of channel design (see section 5). 

Having a separate control channel allows flexibility in the data channel format and size; changes in the data message format might leave the signalling design unchanged.  There are some features in the service requirements that have been set to a lower priority and are not expected to be specified in Release 12, for example data services.  However these will need to be addressed in the future and it is beneficial if any solutions adopted now do not make these future enhancements harder to implement.  If the control information is separated out now then it will be much easier to add new fields or new types of control channel at a later stage.  For instance, layer 1 features which may require additional control information in future releases include HARQ feedback, power control, channel state information as well as extended resource allocation messages.

On the other hand, the principal advantages of multiplexing the control information with the data is that a separate channel does not have to be designed and implemented and the size of the control information is reduced since there is no need to signal the resources that the data will use.

However, one major disadvantage of multiplexing the control information with the data is that it is necessary to read all data channel messages across the whole bandwidth and this includes the associated overheads of keeping track of (blind) HARQ or TTI bundling on each individual data channel.  Furthermore, if it is necessary to pass messages up to the MAC to establish which UEs or groups they are associated with then this may also represent an unnecessary processing burden on the UE and the limit upon the number of transport blocks that can be sent to the MAC in one subframe may need to be significantly increased.  
Another major disadvantage of multiplexing control information with data is that it will either increase the size of the transport blocks or reduce the code rate of the data portion.  Either way there would be an increase in the required SNR for a given service.  The physical design of the D2D voice channel has been considered in a previous document [3].  The conclusion was that in order to match the sensitivity performance of existing public safety standards, for example TETRA, then a combination of either TTI bundling or (blind) HARQ together with intra and inter-subframe frequency hopping is required.  Thus any increase in transport block size or reduction in code rate will have a considerable negative impact on the performance.
4.2
Summary and conclusion
A summary of the advantages of having a separate control channel is shown in Table 2.  A summary of the advantages of multiplexing control information and data is shown in Table 3.
Table 2 - Summary of advantages of separate control channel compared to multiplexed channel
	Advantages of separate control channel
	Disadvantages of multiplexed control and data

	Only need to read the messages in the grant/reservation channel.  Lower power consumption and potentially less complex implementation.
	Need to read all messages across the entire bandwidth. Also extra overheads of keeping track of (blind) HARQ or TTI bundling on each individual data channel.

	Flexibility in the data channel format and a greater level of future proofing for D2D services beyond Release 12.
	Less flexibility in the data channel format.

	No need to pass all messages to the MAC.
	Many messages passed to MAC will be a processing burden on the UE (there is a limit on the number of transport blocks that can be sent to the MAC in one subframe).

	A lower SNR is required for the data channel.  This is important as in order to match the sensitivity performance of existing public safety standards (e.g. TETRA), then a combination of either TTI bundling or (blind) HARQ together with frequency hopping is required for a voice channel.
	Additional control multiplexed with data will increase the size of the transport blocks or reduce the code rate of the data part.  Either way there would be an increase in required SNR which may be critical in certain services such as voice.


Table 3 - Summary of advantages of multiplexed control information and data compared to a separate channel
	Advantages of multiplexed control and data
	Disadvantages of separate control channel

	A separate channel does not have to be designed and implemented.
	A separate channel may have to be designed and implemented.

	The size of the control information is reduced since there is no need to signal the resources that the data will use.
	The size of the control information is larger.


There are considerable disadvantages to multiplexing control information with the data including reduced link-level performance and an increased processing burden on the UE.  Using a separate control channel will also help future proof the design.  Therefore it is suggested that the control information should be transmitted on a separate physical channel.
Proposal 1:  D2D control information is transmitted on a separate physical channel and not multiplexed with data.
5
Control channel physical design
In a previous contribution it was proposed that the control channel be based on a modified PUSCH [4].  The single carrier properties of PUSCH makes this signal more suitable for transmission by typical UEs and it has now been agreed as a working assumption that the PUSCH structure should be reused for the D2D data communication physical channel [2].  The same arguments apply to the control channel and so it is proposed that PUSCH be used for a separate control channel too.

Proposal 2:  When operating outside of network coverage, the physical channels employed in communicating between one public safety device and another for both data and control should be based upon conventional LTE PUSCH.
At RAN1#74bis a working assumption was agreed that the message part of the discovery process should be based upon the existing PUSCH structure [2].  It would be beneficial if the Discovery mechanism could be reused as a control channel where an implicit or explicit indication in the message could indicate that the payload is not a Discovery message but rather a D2D control grant or reservation message.  There has been a reply from SA2 to the LS on the discovery message size [5].  This indicates that the discovery message for non-public safety is currently assumed to be 192 bits and the public safety message is estimated at 198 bits.  However the public safety message may also need to include security related information and a request has been sent from SA2 to SA3 asking for further details on this.  Although the current estimate of the control channel contents is only 60 bits which is quite a bit smaller, this does enable the control channel to be well-protected and allows for future expansion of the control channel contents.
Proposal 3:  Reuse the D2D Discovery message for the D2D communication control message (assuming that the Discovery message is based on PUSCH).
6
Conclusion
The following observations and proposals are made:
Observation 1: D2D control information will have to be sent between UEs no matter which scheme is used to select resources for data transmission.

Proposal 1:  D2D control information is transmitted on a separate physical channel and not multiplexed with data.
Proposal 2:  When operating outside of network coverage, the physical channels employed in communicating between one public safety device and another for both data and control should be based upon conventional LTE PUSCH.

Proposal 3:  Reuse the D2D Discovery message for the D2D communication control message (assuming that the Discovery message is based on PUSCH).
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