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1 Introduction
In RAN 1 #77 meeting [1], it was discussed that time resource pattern of transmission (T-RPT) in SA is used as time resource indication.  The agreement and working assumption are listed below：

Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis

Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

· FFS whether (and if so how) the frequency resource might be jointly signaled with time domain info

· FFS whether the interpretation of the bits is UE-specific or common
Based on the agreement and working assumption, some details of T-RPT indication schemes are discussed in this contribution.  Both Mode 1 and Mode 2 with data resource pool allocation are considered.
2 Basis of T-RPT Indication
Before discussing the details of T-RPT indication schemes, some basic assumptions should be clarified.  The understanding of parameters, such as “transmission interval” in T-RPT, relationship between SA period and data period, should be clarified. In [2], the parameter of period for both SA period and Mode 2 data resource is defined. Our understanding is there should be only one SA indication in a SA period and the retransmission of SA (if configured) should have the same information. For Mode 2, it is natural to make the data resource period the same as the SA period in order to establish the relationship between T-RPT and data subframes indicated by it. For Mode 1, with no data resource pool configuration, a certain data resource range should be defined for T-RPT indication. The simplest way is to assume T-RPT indication can only refer to the data resources in a SA period.

Based on the working assumption, “transmission interval”, “number of transmission of a given TB” and “the resource for transmission of each TB” should be indicated in T-RPT. The number of TBs transmitted in a SA period equals to SA period divided by transmission interval K as illustrated in figure 1. The number of transmissions N of a given TB represents the number of data subframes which are allocated for initial transmission and retransmission of data in a TB. “The resource for transmission of each TB” defines the particular location of the transmission subframes i.e. data transmission pattern in a TB. Considering the limited overhead for T-RPT (no more than 8 bits with WA), it is reasonable to simply assume that the transmission pattern is the same in all TBs in a SA period i.e. the T-RPT parameters are the same.  

For Mode 1, there is no data resource pool allocation.  Each subframe can be assigned as a D2D data subframe. As in Fig. 1, SA period = 40 ms, T-RPT indicates transmission interval 
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= 20ms, the number of transmissions of a given TB 
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= 4, and the resources for transmission of each TB as Fig. 1. 
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Figure 1 An example of T-RPT data resource allocation in a SA period

T-RPT in SA indicates the time resource of data.  The timing relationship between SA transmission and data transmission should be clearly defined to avoid ambiguity. If SA transmissions carry the T-RPT indication corresponding to the data transmission happening in the same SA period, all the SA transmissions including retransmissions should happen before the data transmission. Otherwise, some data transmissions would be missed. As shown in Fig. 2 REF _Ref395253130 \h 
 \* MERGEFORMAT (a), data transmission for the first TB happens before the SA retransmission. If the T-RPT indication in the SA is not decoded correctly until the SA retransmission, the first TB transmission is missed and only the second TB transmission can be received by the UE.  Therefore, it is more reasonable to have a timing relationship such that the T-RPT in a SA indicates the data resource in next data period as shown in Figure 2 (b).
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Figure 2 The timing relationship between SA and the the data resource
Based on the analysis in this section, we have the following proposal:
Proposal 1: For both Mode 1 and Mode 2, T-RPT in SA period #n indicates the data resource in SA period #n+1. 
3 T- RPT for Mode 1
Considering the absence of D2D data resource pool configuration for mode 1, parameters in T-RPT would directly apply to the physical subframes since all subframes can be D2D subframes. With this consideration, three T-RPT indication schemes for mode 1 are discussed in this section. These schemes can be used to indicate transmission interval(s) K between the transmissions of multiple TBs, the number of transmissions N per TB and the resources for transmission of each TB.  For simplicity, periodic retransmission of a TB is considered. Therefore, we can use two parameters to represent the resources for transmission. These two parameters are subframe offset ∆ of the initial transmission and retransmission interval T (i.e. interval between retransmissions or between initial transmission and retransmission in a TB).  
Proposal 2: Subframe offset ∆ of the initial transmission and retransmission interval T defines the resources for transmission of a TB
Fig. 3 shows an example of T-RPT indication with these four parameters K, N, ∆ and T.  In this section, we discuss in details on how these parameters can be signaled in the T-RPT signaling.  
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Figure 3 An example of T-RPT indication with TB transmission interval K=10, number of transmission N=2, subframe offset ∆=3, retransmission interval T=4
3.1 Independent indication of T-RPT parameters with fixed retransmission interval 
A straightforward way of T-RPT indication is to independently indicate the T-RPT parameters i.e. allocate different number of bits to each of these parameters.  An example discussed in [3] uses 2/2/4 bits to indicate the transmission interval K, number of transmissions N per TB and subframes pattern of each TB respectively.   
· 2 bits for transmission interval between multiple TBs
· E.g. 10ms, 20ms, 40ms, 80ms 
· 2 bits for number of transmissions of a given TB
· E.g. 1, 2, 4, 8
· 4 bits for transmissions of a TB (∆ and T)
· Includes initial transmission

· 16 different transmission patterns that repeat with transmission period
With this example, transmission interval K and number of transmission N each have four values, i.e., K = [10, 20, 40, 80], N = [1, 2, 4, 8].  Maximum number of transmission patterns supported for each combination of K and N is 16.   The design problem becomes how to define these 16 transmission patterns for each combination of K and N.  One way of doing it is to use a fixed interval T of retransmissions in a given TB. In Table 1, the fixed interval T = 4ms is used. With this fixed interval, the transmission patterns in each combination are different only in a subframe offset. Therefore, the transmission pattern index j corresponds to a subframe offset.  Since there are 16 values for each combination, only 16 possible subframe offsets can be chosen. In this example, the first 16 possible subframe offsets are picked as shown in the table (i.e., ∆= j). In some cases, there are less than 16 possible time offsets, e.g., when (K, N) = (10,2), the number of possible time offsets is only 6.   For the cases when (K, N) = {(10,4) ,(10,8),(20,8)}, there is no valid pattern with fixed interval of 4ms. If a shorter interval is considered, these cases would also have valid patterns.
The pattern illustrated in Fig. 3 corresponds to 
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= 10, 
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= 2, j =3 and fixed retransmission interval T = 4ms with the SA/data period = 40 in Table 1. 
Table 1 T-RPT signaling table with fixed retransmission interval T = 4ms 
	Transmission interval K between TBs（ms）
(2 bits)
	Number of Transmissions N of a TB 

 (2 bits)
	Transmission pattern Index 
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 (∆= j)
(4 bits)
	Transmission pattern

((Subframe indexes of the subframes for the transmissions of a TB)

	10
	1
	[0,…,9]
	j

	
	2
	[0,…,5]
	j , j+4

	
	4
	/
	/

	
	8
	/
	/

	20
	1
	[0, …,15]
	j

	
	2
	[0, …,15]
	j , j+4

	
	4
	[0, …,7]
	j , j+4, j+8, j+12 

	
	8
	/
	/

	40
	1
	[0, …,15]
	j

	
	2
	[0, …,15]
	j , j+4

	
	4
	[0, …,15]
	j , j+4, j+8, j+12

	
	8
	[0,…,11]
	j , j+4, j+8, j+12, j+16, j+20, j+24, j+28

	80
	1
	[0, …,15]
	j

	
	2
	[0, …,15]
	j , j+4

	
	4
	[0, …,15]
	j , j+4, j+8, j+12

	
	8
	[0,…,15]
	j , j+4, j+8, j+12, j+16, j+20, j+24, j+28


3.2 Independent indication of T-RPT parameters with configurable retransmission interval and implicit indication of subframe offset
The scheme discussed in section 3.1 assumes fixed retransmission interval. This limits T-RPT to certain subframe patterns with fixed interval. Another way of designing the T-RPT is to allow configurable retransmission interval T, e.g., if two bits are allocated for T, T can be chosen from [1, 2, 4, 8] ms as shown in Table 2. If there are still two bits for each of parameters K and N, two bits would be left for the subframe offset ∆,  i.e., only four subframe offsets are allowed in each combination of K and N if explicit indication is used. To allow more configurable patterns with different subframe offsets, implicit indication of subframe offset can be considered. Then we only need 6 bits (or even 5 bits if T has two values e.g. [1, 4] only) in total with this scheme. Note that in some combinations of K and N e.g. (K,N) = (10,4),(10,8), less than four values of retransmission interval T are available because large interval would make the last transmission subframe out of range in the transmission interval of the TB.      
Table 2 T-RPT signaling table with configurable retransmission interval
	Transmission interval K between TBs（ms）(2 bits)
	Number of Transmissions N of a TB 

(2 bits)
	Retransmission interval T 

(2 bits)
	Transmission pattern

(Subframe indexes of the subframes for the transmissions of a TB)

	10
	1
	/
	∆

	
	2
	[1,2,4,8]
	∆ , ∆+T

	
	4
	[1,2]
	∆ , ∆+T, ∆+2T, ∆+3T

	
	8
	[1]
	∆, ∆+T, ∆+2T, ∆+3T, ∆+4T , ∆+5T, ∆+6T, ∆+7T

	20
	1
	/
	∆

	
	2
	[1,2,4,8]
	∆ , ∆+T

	
	4
	[1,2,4]
	∆ , ∆+T, ∆+2T, ∆+3T

	
	8
	[1,2]
	∆, ∆+T, ∆+2T, ∆+3T, ∆+4T , ∆+5T, ∆+6T, ∆+7T

	40
	1
	/
	∆

	
	2
	[1,2,4,8]
	∆ , ∆+T

	
	4
	[1,2,4,8]
	∆ , ∆+T, ∆+2T, ∆+3T

	
	8
	[1,2,4]
	∆, ∆+T, ∆+2T, ∆+3T, ∆+4T , ∆+5T, ∆+6T, ∆+7T

	80
	1
	/


	∆

	
	2
	[1,2,4,8]
	∆ , ∆+T

	
	4
	[1,2,4,8]
	∆ , ∆+T, ∆+2T, ∆+3T

	
	8
	[1,2,4,8]
	∆, ∆+T, ∆+2T, ∆+3T, ∆+4T , ∆+5T, ∆+6T, ∆+7T


One way of implicit indication of subframe offset can be implicitly derived from the allocated frequency resources, e.g., SA PRB index. Since the SA PRB index may exceed the valid subframe offset, we can do modulo to make sure all the subframes for transmission are in the valid range. As long as the last subframe for transmission in a TB is within the transmission interval of the TB, all the subframes for transmission would be in the valid range, i.e., 
∆+(N-1)T<K  i.e. ∆<K-(N-1)T
Subframe offset ∆ = (1st SA PRB index) mod (K-(N-1)T)
With implicit indication of subframe offsets and configurable retransmission interval, more transmission patterns can be supported. Fig. 4 shows an example of this scheme assuming 1st SA PRB index = 5, K= 40, N = 4, T= 8 , ∆ = (1st SA PRB index) mod 16=5.
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Figure 4 An example of T-RPT indication with SA PRB index = 5, K =40, N =4, T =8, ∆= (SA PRB index) mod 16=5
3.3 Joint indication of T-RPT parameters with maximum retransmission interval

For independent indication schemes in Table 1 and Table 2, some combinations of (K, N) have less number of patterns than some other combinations. For example in Table 1, less than 16 transmission patterns are available when (K, N)= {(10,1), (10,2), (10,4), (10,8), (20,4), (20,8), (40,8)} although 4 bits are allocated for indication of transmission patterns in each combination. In Table 2, less than 4 retransmission intervals is supported when (K, N)={(10,4), (10,8), (20,4), (20,8), (40,8)} although two bits are allocated for indication of retransmission interval. It can be observed that some combinations cannot fully utilize the allocated number of bits. Or in some cases, some combinations are less likely to be used. With independent indication of T-RPT parameters, some codepoints are unused and wasted. In order to fully utilize the allocated number of bits, joint indication of T-RPT parameters can be used. The idea is to allocate different number of transmission patterns for different combinations of (K, N) as shown in Table 3. Unlike Table 1, number of transmission patterns in Table 3 can be larger than 16 for some combinations of (K, N) while some other combinations can have less than 16 patterns.
For retransmission interval T, it is desirable to make the retransmission interval as long as possible in each combination of (K, N) so that better time diversity can be achieved for retransmissions. Considering this factor, this scheme makes the N transmissions uniformly distributed over a TB transmission interval K, i.e., 

Retransmission interval 
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Having shorter retransmission interval (e.g. 1 ms) may potentially increase the receiver complexity. If complexity is a concern, the minimum retransmission interval can be set to 4 ms and the cases, e.g., (K, N) = {(10,4), (10,8), (20,8)} having retransmission interval less than 4ms are not supported. With joint coding, these cases can be removed without wasting any codepoints.

Since different transmission patterns for a combination of (K,N) only differ in subframe offset, the number of supported subframe offsets is equal to the number of transmission patterns. Also, the number of available subframe offsets for each combination is also equal to retransmission interval when N > 1. For N = 1, the number of transmission patterns is equal to the TB transmission interval K except in the case of 80. Only the first 49 transmission patterns corresponding to the first subframe offsets of 0~48 are available in the table. As the total number of patterns is limited to 256, the last 31 patterns are removed for the case of (K, N) =(80,1) which have the most number of patterns.  
Table 3 T-RPT signaling table with joint indication of T-RPT parameters
	Transmission pattern index 
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	Transmission interval K between TBs
	Number of Transmissions N of a TB
	Subframe offset ∆
	Number of transmission patterns
	Transmission pattern

(Subframe indexes of the subframes for the transmissions)

	0-9
	10
	1
	i
	10
	∆

	10-14
	
	2
	i -10
	5
	∆ , ∆+T

	15-18
	
	4
	i -15
	4
	∆ , ∆+T, ∆+2T, ∆+3T

	19-21
	
	8
	i -19
	3
	∆, ∆+T, ∆+2T, ∆+3T, 
∆+4T , ∆+5T, ∆+6T, ∆+7T

	21-40
	20
	1
	i -21
	20
	∆

	41-50
	
	2
	i -41
	10
	∆ , ∆+T

	51-55
	
	4
	i -51
	5
	∆ , ∆+T, ∆+2T, ∆+3T

	56-61
	
	8
	i -56
	6
	∆, ∆+T, ∆+2T, ∆+3T, 
∆+4T , ∆+5T, ∆+6T, ∆+7T

	62-101
	40
	1
	i -62
	40
	∆

	102-121
	
	2
	i -102
	20
	∆ , ∆+T

	122-131
	
	4
	i -122
	10
	∆ , ∆+T, ∆+2T, ∆+3T

	132-136
	
	8
	i -132
	5
	∆, ∆+T, ∆+2T, ∆+3T, 
∆+4T , ∆+5T, ∆+6T, ∆+7T

	137-185
	80
	1
	i -137
	49
	∆

	186-225
	
	2
	i -186
	40
	∆ , ∆+T

	226-245
	
	4
	i -226
	20
	∆ , ∆+T, ∆+2T, ∆+3T

	246-255
	
	8
	i -246
	10
	∆, ∆+T, ∆+2T, ∆+3T, 
∆+4T , ∆+5T, ∆+6T, ∆+7T


Fig.5 illustrates an example for the joint indication scheme. With indication of transmission pattern index 
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= 47, it means that transmission interval K = 20, number of transmission N = 4, subframe offset ∆=2, and the retransmission interval T = 5.
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Figure 5 An example of T-RPT indication with i = 47, K = 20, N = 4, ∆ =2, T = 5
4 T-RPT for Mode 2
D2D data resource pool is either pre-defined or assigned by high layer signaling for Mode 2.   Hence the T-RPT indication scheme for Mode 2 should be suitable for various data resource pools.  For simplicity, a common solution of T-RPT indication scheme for Mode 1 and Mode 2 is desirable. Here we discuss about whether the three schemes for Mode 1 in section 3 can be applied to Mode 2 considering D2D data subframe allocation.
For the scheme discussed in 3.1, the data subframes of each TB is indicated by a subframe pattern indicator, which is predefined with fixed retransmission interval. While the data subframe resource pool contains some (or all of) the subframes in a data period as D2D data subframes, the subframes indicated by a transmission pattern indicator may or may not be included in the resource pool. This means that the subframe pattern may not be aligned with the D2D subframes as shown in the example in Fig. 6.
In Fig. 6, there are 16 data subframes (in pink) as D2D data resource pool in a period for Mode 2. The T-RPT indicates K = 10, N=4 with the SA/data period =40, the transmission pattern contains 4 consecutive subframes from subframe #2 with retransmission interval = 1ms. With the configuration, the transmission pattern is supposed to map to the D2D subframe resource pool. Since different D2D subframes allocation may happen in each TB transmission interval, some subframes in the transmission pattern is possibly mapped to non-D2D subframes as shown in Fig. 6. In this example, total four TBs are supposed to be transmitted each with number of transmissions N=4. However, except the last TB, the other three TBs cannot have 4 transmissions due to the misalignment of the transmission pattern and the allocated D2D subframes. 
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Figure 6 An example of subframe pattern scheme for Mode 2
Similar situation also occurs in the scheme discussed in section 3.2 with configurable retransmission interval. If the configured retransmission interval doesn't match the allocated D2D subframes, number of transmissions can different in different TBs. This problem can be partially solved if the retransmission interval and offset are defined with the interval of D2D subframes. However, the limited choice of retransmission intervals may not match with different D2D subframes.    
Although the joint indication scheme discussed in section 3.3 may also have misalignment of physical parameters with the allocated D2D subframes, the signaling table in Table 3 can be modified so that it can be applied to Mode 2. The subframe offset ∆ and retransmission interval T can correspond to available D2D subframes. First we define KD2D as the number of configured D2D subframes in a TB transmission interval K. The retransmission interval TD2D is the interval of transmissions taking into the available D2D subframes only. With this definition, the same equations can be applied.
Retransmission interval 
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Since the subframe offset defined in Table 3 is for physical subframes, it may exceed the range of D2D subframes.  We can do similar modulo operation to the subframe offset to make sure it is in the same range.
Subframe offset ∆ D2D = ∆ mod (KD2D -(N-1) TD2D)
or  simply  ∆ D2D = ∆ mod TD2D
With this mapping, the same signaling table can be used for Mode 1 and Mode 2. The only differences are retransmission interval and subframe offset are obtained in the domain of D2D subframes. 

Fig. 7 shows an example on how the T-RPT indication can be used for Mode 2. The same D2D data subframe resource pool configuration shown in Fig. 6  is used. The T-RPT indicates the transmission pattern index 
[image: image16.wmf]i

=17, based on Table 3, it means that K=10, N=4, ∆=2. For the first TB, there are 6 D2D data subframes in the transmission interval, i.e. KD2D = 6. The transmission pattern is formed with TD2D =1, ∆ D2D = ∆modTD2D =0.  Similarly transmission pattern for other TBs can be obtained from the same way. The transmission pattern can be re-mapped to physical subframes as shown in Figure 7.
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Figure 7  Example 1 of using joint indication scheme for Mode 2
More examples are illustrated in Fig. 8 and Fig. 9. In Fig. 8, the T-RPT indicates the transmission pattern index 
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= 46, based on Table 3, it means that K=20, N=2, ∆=5. There are 8 D2D data subframes in the transmission interval, i.e. KD2D = 8. The transmission pattern is formed with TD2D =4, ∆ D2D = ∆modTD2D=1 as shown in Fig. 8.  
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Figure 8  Example 2 of using joint indication scheme for Mode 2
In Fig. 9, the T-RPT indicates the resource index 
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=135, and then K=40, N=8, ∆=3. There are 32 D2D data subframes in the transmission interval, i.e. KD2D = 32. The transmission pattern is formed with TD2D =4, ∆ D2D = ∆ mod TD2D =3 as shown in Fig. 9.  
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Figure 9  Example 3 of using joint indication scheme for Mode 2
From the examples above, it can be observed that the joint indication scheme in Table 3 can be applied to Mode 2 with modification taking into account of mapping between physical subframes and D2D subframes. In general, the same signaling table of T-RPT can be used for both Mode 1 and Mode 2 with this modification. This reduces the design complexity. Therefore, we have the following proposal:
Proposal 3: Joint indication scheme of T-RPT parameters defined in Table 3 is adopted for both Mode 1 and Mode 2. Subframe offset and retransmission interval are obtained in the domain of D2D subframes in the resource pool for Mode 2.
5 Conclusions
This contribution discusses about the details of T-RPT indication and provides analysis on the three indication schemes. Based on the analysis, we have the following proposals:
Proposal 1: For both Mode 1 and Mode 2, T-RPT in SA period #n indicates the data resource in SA period #n+1. 
Proposal 2: Subframe offset ∆ of the initial transmission and retransmission interval T defines the resources for transmission of a TB
Proposal 3: Joint indication scheme of T-RPT parameters defined in Table 3 is adopted for both Mode 1 and Mode 2. Subframe offset and retransmission interval are obtained in the domain of D2D subframes in the resource pool for Mode 2.  
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