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1. Introduction
In RAN1 #77 meeting, the following working assumption is made with respect to D2D grant design in mode 1 resource allocation [1]:
Working assumption:

· For Mode 1, DCI format which is same size as existing DCI format 0 is used for allocating D2D Data and SA
· Same grant for D2D Data and SA

· For Mode 1, a D2D RNTI is used to distinguish a grant for WAN from grant from D2D
In this contribution, we give the details on the design of D2D grant in mode 1 resource allocation and related blind detection. 
2.  D2D Grant 
As mentioned in the working assumption, DCI format with the same size as existing DCI format 0 is used for D2D grant which contains the scheduling information of both SA and data.  In the existing DCI format 0, the field of resource block assignment is only used for data. However, for D2D grant the resource assignment contains both SA and data, so the payload of the existing DCI format 0 may not be enough to carry both SA and data at the same time.  Hence, the fields of DCI format 0 should be redesigned to free up the bits for resource allocation.

The fields of carrier indicator, flag for format0/format1A differentiation, cyclic shift for DM RS and OCC index, DAI, CSI request and SRS request in the existing DCI format 0 are not needed for D2D communication.  Therefore, these bits can be freed up for the resource assignment of SA and/or data.  There are other fields which we should keep.  We suggest that D2D grant for mode 1 should include at least the following content.  The signalling content is also listed in Table 1.
· Frequency hopping flag
For mode 1 D2D broadcasting communication, the frequency hopping should be supported for both SA and data and it is controlled by eNB.  If the frequency hopping flag is indicated for SA and data independently, 2 bits is needed.  Otherwise 1 bit can be used to enable frequency hoping for both SA and data at the same time. In order to save overhead, we prefer to use 1 bit for joint indication.
· Resource allocation
Resource allocation includes time and frequency domain information of the allocated resources for both SA and data.  Either by implicit or explicit indication, four indexes should be derived from this field:

· Time-domain index of SA, 
· Frequency-domain index of SA 
· Time-domain index of data
· Frequency-domain index of data
Depending on the explicit content included in the resource allocation, different numbers of bits are required in the following indication schemes for resource allocation.   The required number of bits for each scheme is listed in table 1.
· Resource allocation scheme 1: All the resource allocation information is explicitly indicated.  The field of resource allocation includes all four indexes which are time-domain index of SA, frequency-domain index of SA, time-domain index of Data and frequency-domain index of data. 
In the case of 20MHz system bandwidth, the indication of time-frequency resource for SA and data in total needs (28+X) bits.  The value of X depends on the number of time-domain patterns and the bit size should be studied further. 

· Resource allocation scheme 2: Time-frequency allocated resources of SA are explicitly indicated.  The field of resource allocation includes two indexes which are time-domain index of SA and frequency-domain index of SA.
In this case, the time-domain index of data is implicitly indicated by the time-domain index of SA and the frequency-domain index of data is implicitly indicated by the frequency-domain index of SA. The overhead of resource allocation can be reduced by using the implicit relationship between SA resources and data resources. For example, the allocated data resources have a certain subframe offset from the allocated resources for SA in time domain. Frequency-domain index of data is derived implicitly from the first PRB index allocated for SA or the first CCE/eCCE index of D2D grant.
In the case of 20MHz system bandwidth, the indication of time-frequency resource for SA in total needs (7+X) bits.
· Resource allocation scheme 3: Time-frequency allocated resources of SA are explicitly indicated.  The field of resource allocation includes two indexes which are time-domain index of SA and frequency-domain index of data..
In this case, the time-domain index of SA is implicitly indicated by the time-domain index of data and the frequency-domain index of SA is implicitly indicated by the frequency-domain index of data. For example, the allocated SA resources have a certain subframe offset from the allocated resources for data in time domain. Frequency-domain index of SA is derived implicitly from the first PRB index allocated for data or the first CCE/eCCE index of D2D grant.
In the case of 20MHz system bandwidth, the indication of time-frequency resource for data in total needs 21 bits.  
· Resource allocation scheme 4:  Only frequency domain information for SA and data are explicitly indicated in DCI.  The field of resource allocation includes two indexes which are time-domain index of SA and frequency-domain index of data..
In this case, the time-domain resource of SA and data is semi-statically preconfigured by higher layer.
In the case of 20MHz system bandwidth, the indication of frequency-domain resource for SA and data in total needs 20 bits.
· MCS and RV
Since it is agreed that SA is transmitted using a fixed MCS, this field is only used to indicate MCS for D2D data broadcasting. In mode 1, the eNB decides MCS for D2D broadcasting.  Although the eNB does not have the channel state information between the transmitter and receiver(s), MCS can still be determined together with some other parameters like transmission power of D2D data, data packet size and available D2D resources, etc.  Another way is to use a fixed conservative MCS for data as well.     
· TPC command for SA and Data
The eNB should control the transmission power for SA and Data in order to reduce the interference caused by D2D transmission to UL cellular transmission.  In RAN1 #77 meeting, it has been agreed that X bits TPC command is conveyed in D2D grant and the value of X is FFS. We think if power control parameters are the same for SA and data, TPC command for SA and Data reuses the existing 2 bits. However, if power control parameters are different for SA and data, separate TPC command are needed for SA and data respectively which needs 4 bits in total. In order to save overhead, we prefer to the former and reuse the existing 2 bits in DCI format 0. 
· UL index
In LTE, this field is present only for TDD operation with uplink-downlink configuration 0 which needs 2bits: ”10” stands for that PUSCH transmits on subframe (n+k); ”01” stands for that PUSCH transmits on subframe (n+7); “11” stands for that PUSCH transmits on subframe (n+k) and subframe (n+7). For D2D broadcasting in mode 1, it can also occur in TDD configuration 0, so the field should be kept.  This field is used to indicate PUSCH for D2D but it does not matter this PUSCH is for data or SA for this field since such information can be obtained from the resource allocation information field.  Therefore, these 2 bits can be kept to indicate the PUSCH transmission subframe in configuration 0.   
Table 1: the content of D2D grant
	Parameter
	Number of bits
	Comment

	Frequency hopping flag
	· Separate indication for SA and data: 2 bits
· Joint indication for SA and data: 1 bit
	Joint indication is preferred.

	Resource allocation scheme 1
	time-domain index of SA
	X bits (FFS, depend on the number of patterns)
	Indicates the subframes used for SA transmission. The bit size is FFS

	
	frequency-domain index of SA
(the granularity is 1 PRB or 2PRB)
	4 (1.4 MHz)

4(3 MHz)

5 (5 MHz)

6 (10 MHz)

7 (15 MHz)

7 (20 MHz)
	Indicates the frequency resources for SA transmission.

	
	time-domain index of Data
	8 bits (indication for T-RPT)
	Indicates the subframes used for data broadcasting.

	
	frequency-domain index of Data
	5 (1.4 MHz)

7 (3 MHz)

9 (5 MHz)

11 (10 MHz)

12 (15 MHz)

13 (20 MHz)
	Reusing the existing RB assignment in DCI format 0.

	Resource allocation scheme 2
	time-domain index of SA
	X bits (FFS, depend on the number of pattern)
	The time-domain index of Data is implicitly indicated by the time-domain index of SA, and the frequency-domain index of Data is implicitly indicated by the frequency-domain index of SA.

	
	frequency-domain index of SA
(the granularity is 1 PRB or 2PRB)
	4 (1.4 MHz)

4(3 MHz)

5 (5 MHz)

6 (10 MHz)

7 (15 MHz)

7 (20 MHz)
	

	Resource allocation scheme 3
	time-domain index of Data
	8 bits (indication for T-RPT)
	The time-domain index of SA is implicitly indicated by the time-domain index of Data, and the frequency-domain index of SA is implicitly indicated by the frequency-domain index of Data.

	
	frequency-domain index of Data
	5 (1.4 MHz)

7 (3 MHz)

9 (5 MHz)

11 (10 MHz)

12 (15 MHz)

13 (20 MHz)
	

	Resource allocation scheme 4
	frequency-domain index of SA
(the granularity is 1 PRB or 2PRB)
	4 (1.4 MHz)

4(3 MHz)

5 (5 MHz)

6 (10 MHz)

7 (15 MHz)

7 (20 MHz)
	Time-domain resources of SA and Data are semi-statically configured by higher layer. 

	
	frequency-domain index of Data
	5 (1.4 MHz)

7 (3 MHz)

9 (5 MHz)

11 (10 MHz)

12 (15 MHz)

13 (20 MHz)
	

	MCS and RV
	5 bits
	MCS for data is configured by eNB.

	TPC for SA and Data
	· Separate indicate for SA and data: 4bits
· Jointly indicate for SA and data: 2bits
	Joint indication is preferred

	UL index
	· Indicate PUSCH for SA and data: 2bits
	Do not need to distinguish between PUSCH for data and for SA.


If resource allocation scheme 1 is used and if joint indication is used for the fields of frequency hopping flag and TPC command,  the size of D2D grant is (38+X)bits in the case of 20MHz system bandwidth.  Given that the DCI size of D2D grant is the same as that of DCI format 0, the largest value of X is 6 bits.
Besides these schemes, another resource allocation scheme for SA can be supported based on the SA pattern design in our companion contribution [2].  In the new SA pattern design, if SA retransmission number is 2 and the number of SA subframe in the a SA period is N,  the indication of frequency-domain index of SA needs 
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 bits and the indication of SA time-pattern needs 
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 bits in the case of 20MHz system bandwidth. Hence the time-frequency resource allocation for SA in total needs 
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 bits.  With this design, the maximum number of bits required for time-frequency resource allocation is 10bit.
3.  Blind Decoding of PDCCH for D2D Grant DCI
Since D2D broadcasting and cellular communication may exist in the same subframe, a D2D transmitter may need to detect DCI format 0/1A scrambled by C-RNTI as well as DCI of D2D grant scrambled by D2D-RNTI.  If the search space for these two DCIs are different e.g. derived from different RNTIs, this will increase the number of blind decoding and hence the complexity D2D UE.  In order to avoid the complexity increase of the blind detection, we have the following consideration on the search space of D2D grant DCI.
· Search space of D2D grant DCI is determined by C-RNTI
· D2D UE uses C-RNTI to determine both the search space of D2D grant and cellular DCI. In other words, the search space used for D2D grant transmission should be calculated by C-RNTI. Then the complexity of blind detection of D2D UEs can be kept the same as that of cellular UEs.
· Restrict the search space for D2D grant DCI
· For example, D2D grant can only be transmitted in common search space.  Another way is to define specific search space for D2D UE. By limiting the candidate search space or aggregation level of D2D UE specific search space, the complexity of the blind detection can be reduced.

4. Conclusion

In this contribution, the details of DCI design for D2D grant are discussed.   We give the analysis on the required fields of the DCI and the number of bits required for these fields given that the DCI size is the same as DCI format 0.  These fields are frequency hopping flag, resource allocation, MCS&RV, TPC command and UL index.   Four resource allocation indication schemes are discussed.  In addition, blind decoding of PDCCH for D2D grant DCI is discussed.  It is suggested that search space for D2D grant DCI should be designed to avoid/reduce the extra complexity of PDCCH blind decoding for D2D UEs.
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