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1. Introduction
In RAN1#77 Seoul meeting, the following working assumption was made as one of conclusions in D2D grant discussion. In this contribution, DCI fields in D2D grant are discussed in Section 2. Based on that, how to convey resource allocation information, power control command and time domain-RPT of both SA and Data in single D2D grant is discussed in sub-clauses of Section 2.
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

2. D2D Grant in Mode 1 Communication
2.1. DCI Fields in D2D Grant

Basically D2D grant should contains resource block assignment (RA field), transmit power control command and time-domain RPT (resource pattern of transmission). In addition, hopping flag and modulation/coding information will be able to be candidate fields of D2D grant. As per working assumption, the bits from D2D grant should be the same as that of DCI format 0. Therefore, there is no further room to include other information in D2D grant more than the fields described in Table 1. So we propose to adopt the potential fields in Table 1 as DCI fields in D2D grant.

One possible approach to accommodate additional bits or fields while keeping current working assumption is to simply increase the size of conventional DCI format 0/1A until the their payload sizes equal increased payload size of D2D Grant. 

Proposal 1: Table 1 is a potential fields included in DCI of D2D Grant.
Proposal 2: It can be considered to increase DCI payload size of D2D Grant together with DCI Format 0/1A.
Table 1: Required DCI Fields and bits in D2D grant

	Field Name
	Length
	Usage for D2D

	Hopping flag
	1
	Use as is

	Resource block assignment
(including N_Ulhop)
	13
	Indicate SA and Data resource allocation

	MCS/RV
	5
	Use as is for Data

	TPC
	2
	Used for SA and Data TPC

	T-RPT
	6
	Time-domain resource pattern


2.2. How to indicate frequency position (RB index) of SA and Data?
Implicit indication based on single RA field

Firstly we discuss how to derive frequency position from the RA field in that D2D grant. Legacy DCI format 0 contains only single RA field for PUSCH resource allocation information. Similarly D2D grant may contain only one RA field even for SA and Data resource allocation information. So we have to find a way to indicate two resource blocks; one for SA and the other for Data. A simple way is that the starting index of resource block(s) assigned for Data transmission is regarded as the starting index, the centre index or the last index of resource block(s) assigned for SA transmission. It is noted that such interpretation does not require any additional bit fields. 

From Figure 1 to Figure 3, one can see that SA resource location is associated with Data resource location. So if Data RA field is decoded, then SA RA information can be easily derived, except for SA bandwidth. However SA bandwidth can be fixed to e.g. 2RB bandwidth, or configured by RRC signal.
Proposal 3: SA RB index can be derived from Data RB index in D2D grant.
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Figure 1: The start RB index of SA = the start RB index of Data
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Figure 2: The start RB index of SA = the centre RB index of Data
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Figure 3: The last RB index of SA = the last RB index of Data
Proposal 4: The start RB index of SA transmission bandwidth can be derived from Data RA information, where fixed SA bandwidth is assumed. 
Explicit indication using combinatorial index

Another way of indicating SA resource block(s) is to use the combinatorial index
 “r” used in uplink resource allocation type 1 (defined in section 8.1.2 in TR36.213 v11.5.0 [1]). The combinatorial index r represents the bits from the RA field in the D2D grant, that is, resource allocation information. By using this, the resource allocation information “r” indicates to a scheduled D2D UE two sets of resource blocks with each set including one or more consecutive resource block groups of size P. Finally the bits from RA field (“r”) corresponds to a starting and ending RBG index of resource block set 1, s0 and s1-1 and resource block set 2, s2 and s3-1 respectively, where r is given by equation
 defined in subclause 7.2.1 in TR36.213. 
For the illustration purpose, one application of this equation is depicted in Figure 4-6 to explain how to interpret the 4 points (s0, s1, s2 and s3) obtained from combinatorial index “r”. In Figure 4, SA resource is allocated within Data resource allocation bandwidth. That is, it means that a starting and ending RBG index of resource block for Data becomes s0 and s3-1 and those of resource block for SA becomes s1 and s2-1 respectively. In Figure 5, SA resource is allocated left-hand outside Data resource allocation bandwidth. That is, it means that a starting and ending RBG index of resource block for Data becomes s2 and s3-1 and those of resource block for SA becomes s0 and s1-1 respectively. In Figure 6, SA resource is allocated right-hand outside Data resource allocation bandwidth. That is, it means that a starting and ending RBG index of resource block for Data becomes s0 and s1-1 and those of resource block for SA becomes s2 and s3-1 respectively. The each operation in Figure 4-6 can be designed to be configurable by RRC signalling to give a flexibility of resource allocation of D2D SA and Data
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Figure 4: SA/Data resource allocation exploiting 4 RB indices – “Nested SA”
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Figure 5: SA/Data resource allocation exploiting 4 RB indices – “Left-hand SA”
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Figure 6: SA/Data resource allocation exploiting 4 RB indices – “Right-hand SA”
Given that SA bandwidth will be almost fixed to one or two resource blocks, the only one point (i.e. either starting or ending RBG index) is required for SA resource block indication. That is 3 point combinatorial index is enough to indicate SA and Data resource block(s). In addition, 3-point combinatorial index is better than 4-point combinatorial index in the perspective of the required number of RA field bits. Figure 7-9 shows nested SA, left-hand SA and right-hand SA respectively. One of the tree points which is used for indication of starting RBG index of SA, can be configured by high layer signal to provide resource allocation flexibility further.
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Figure 7: SA/Data resource allocation exploiting 3 RB indices – “Nested SA”
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Figure 8: SA/Data resource allocation exploiting 3 RB indices – “Left-hand SA”
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Figure 9: SA/Data resource allocation exploiting 3 RB indices – “Right-hand SA”
Proposal 5: It is beneficial to use the combinatorial index “r” (already used in uplink resource allocation type 1 - non-contiguous resource allocation) for D2D SA and Data resource allocation information. Detailed parameter is FFS.
Explicit indication using field partitioning and RIV
The other approach is to explicitly split a RA field into 3 partial fields; the first one is for SA RA information, the second one is for Data RA information, the last one is for Data bandwidth configuration. The ratio of three parts will definitely rely on the indication flexibility and amount of conveying information. Let’s assume 100 RB system bandwidth, then the bits from RA fields is 
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 bits, which correspond to SA, Data and additional information(e.g. Data BW). In this case, resource indication units are 4RB for SA and 2RB for Data respectively. To increase resource indication flexibility of Data, the last 2bit is used to indicate Data bandwidth within a set which is configured by RRC signal. For example, let’s assume Data RA can indicate only either even or odd RB index. In the case, additional bit can be used for indicating one of them by RRC signal.  
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Figure 10: Explicit splitting of RA fields for SA, Data and Set indication
2.3. T-RPT (Time domain - Resource Pattern of Transmission)

According to our companion contribution [2], T-RPT information consists of three parts; A, B and C
. In RAN1 #77, it was agreed that the total number of T-RPTs is no more than 256. Thus A+B+C≤8 bits by current agreement. For example, A=2, B=2, C=4 can be used. In Mode 1 communication in network coverage, A can be signaled by eNB. Therefore, B and C only are conveyed by D2D grant. Further details refer to [2]. In that reason, 6-bit T-RPT is proposed in Table 1.
In time domain, subframe pattern index of SA can be also extracted from bit information from Data T-RPT field in D2D grant. In general, Data T-RPT can be used for SA T-RPT directly. However, it is likely that the number of Data T-RPT pattern is larger than that of SA T-RPT pattern. In that case, modulo-operation of Data T-RPT is necessary to derive SA T-RPT from Data T-RPT. For instance, let’s assume that the numbers of SA and Data T-RPT patterns are N_sa and N_data (N_sa < N_data) respectively. Then SA T-RPT index can be derived such as SA T-RPT index = mod (N_data, N_sa).  In addition, in case when SA is repeated in R_sa times (i.e. SA resource time unit = R_sa subframe), SA T-RPT index is derived such as SA T-RPT= mod(N_data, N_sa/R_sa).
Proposal 6: SA T-RPT index is derived based on modulo-operation of 6-bit Data T-RPT in D2D grant. 
2.4. TPC (Transmit Power Control)

The 2-bit TPC field in D2D grant can be split to the 1bit SA TPC and 1bit Data TPC, where the open loop power control parameters such as P0 and alpha are configured separately. However coarse power control due to single bit TPC may not be enough in some cases. For more elaborate power control, DCI format 3/3A can be considered as complementary tool. One can see some benefits obtained from enabling elaborate and timely power control even over multiple data transmissions within SA cycle. Further details refer to [3]
Proposal 7: 2-bit TPC field in D2D grant is split to two parts; 1-bit SA TPC and 1-bit Data TPC

Proposal 8: TPC from DCI format 3/3A on top of TPC in D2D grant is also used for power control.
3. Conclusion
Proposal 1: Table 1 is a potential fields included in DCI of D2D Grant.
Proposal 2: It can be considered to increase DCI payload size of D2D Grant together with DCI Format 0/1A

Proposal 3: SA RB index can be derived from Data RB index in D2D grant.

Proposal 4: The start RB index of SA transmission bandwidth can be derived from Data RA information, where fixed SA bandwidth is assumed. 
Proposal 5: It is beneficial to use the combinatorial index “r” (already used in uplink resource allocation type 1, non-contiguous resource allocation) for D2D SA and Data resource allocation information. Detailed parameter is FFS.
Proposal 6: SA T-RPT index is derived based on modulo-operation of 6-bit Data T-RPT in D2D grant. 

Proposal 7: 2-bit TPC field in D2D grant is split to two parts; 1-bit SA TPC and 1-bit Data TPC

Proposal 8: TPC from DCI format 3/3A on top of TPC in D2D grant is also used for power control.
______________________________________________________________________
4. Reference

[1] 3GPP TS36.213 v11.5.0, Section 8.1.2 uplink resource allocation type 1

[2] R1-143177, Detailed design of signaling for D2D communication resource allocation
LG Electronics
[3] R1-143181, UE Procedure in Mode 1 Communication
LG Electronics
� A combinatorial index “r” consists of � EMBED Equation.3  ��� bits. 





� � EMBED Equation.3  ���, with M=4 and � EMBED Equation.3  ��� [defined in subclause 7.2.1, TR36.213 v11.5.0]





� A: # of bits for the indication of # of MAC PDU, B: # of bits for the indication of # of transmissions for each MAC PDU, C: # of bits for the T-RPT pattern indication for N subframes
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