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[bookmark: _Ref129681832][bookmark: _GoBack]In RAN1#87, some items for V2V communications related to PSSCH decoding were left for further discussion.
· For UE capability on PSCCH/PSSCH decoding,
· UE is not expected to attempt to decode more than X PSCCHs in a subframe. UE is able to decode up to X PSCCH in a subframe.
· UE is expected to attempt to decode at least Y RBs per subframe counting both PSCCH and PSSCH decoding RBs.
· Two types of UE capability are defined
· One with (X=10, Y=100), the other with (X=20, Y=136)
· FFS on avoiding systematic dropping of SA candidates
· An additional UE decoding capabilities are defined for LTE V2V sidelink communication
· Soft buffer size for SL reception is X bits.
· The value of X is FFS
· The maximum number of sidelink transport block bits received within a TTI is set to [31704].
· The maximum number of bits of a single sidelink transport block is [31704].
This contribution proposes soft buffer sizes for SL and UE categories.
Soft buffer determination
Transport block size
The largest transport block size (TBS) is a function of the number of symbols available for PSSCH, the number of PRBs, the highest modulation order, and the highest allowable code rate. Although 10 symbols are available for the PSSCH (i.e., 4 symbols in the subframe are used for DMRS), only 9 symbols convey payload because the last symbol is punctured. With PSCCH and corresponding PSSCH transmitted in the same subframe, the maximum number of available PRBs is 96 when the bandwidth is 20 MHz because the PSCCH requires 2 PRBs, and the number of PRBs of PSSCH is restricted to a value given by 2i3j5k, where i, j, and k are non-negative integers. The maximum number of channel bits, which is the product of the number of symbols, the number of resource elements per PRB per symbol, the number of available PRBs, and the modulation order (i.e., 16-QAM), is (9)(12)(96)(4) = 41,472. Among the TBS available for 96 PRBs, the set {29296, 31704, 35160, 37888}, which correspond to ITBS values of 15 through 18 (16-QAM) in Table 8.6.1-1 of [3], has respective code rates of {0.71, 0.76, 0.85, 0.91}. Only code rates less than 1 are considered.
For performance reasons, the first symbol of the subframe is typically not as reliable as the remaining symbols. Assuming that the number of “good” symbols is 8 instead of 9, the number of channel bits is then effectively reduced to 36,864=(8)(12)(96)(4). Among the sizes of 31704 and 35160, the code rates are 0.86 and 0.95, respectively. If the largest TBS of 31704 were used, the coding rate is between 0.76 and 0.86, which should allow reasonable performance for initial transmission with broadcasting.
Proposal 1. Confirm the working assumption to use 31704 for the maximum number of bits for transport block.
Soft buffer size
The sidelink application D2D does not support LBRM [4]. It is reasonable to conclude the V2V, which is another sidelink application, should not support LBRM. 
Proposal 2. There is no LBRM for V2V. The performance requirements should be defined assuming that the UE can store all the soft bits received associated with a given transport block.
Appendix A provides the procedure to compute the soft buffer size for several transport block sizes. Because section 5.1.4.1.2 of [2] states the soft buffer size for each code block is equal to Kw, the soft buffer size is the product of the number of code blocks and Kw. If 31704 were used for the largest TBS, the soft buffer size for that transport block is 96,192.
Observation: The number of soft bits associated with the maximum number of bits in the transport block is 96,192.
However, the calculation for soft buffer size must include the decoding capabilities for a subframe, the time gap (section 14.1.1.4C of [3]), and even the number of carriers. Appendix B provides an analysis for a TBS of 31,704 bits and the agreements for X (number of PSCCH in a subframe) and Y (number of decoding RBs per subframe). The results are summarized in Table 1. The category names are based on the current sidelink description and Table 4.1B-1 in 36.306 [4], as shown in Appendix C for convenience.
The 4 bit time gap effectively determines the number of sidelink processes. The worst case is when the time gap is 15 and all 15 subframes are initial transmissions. In this case, the soft buffer size per subframe in Table 1 should be multiplied by 15.
[bookmark: _Ref469038834]Table 1. Soft buffer size needed
	Category
	X
	Y
	Maximum number of SL-SCH transport block bits received within a TTI
	Maximum number of soft bits per subframe
	Worst case time gap, overall number of soft bits
	Maximum number of bits of a SL-SCH transport block received within a TTI
	Maximum number of bits of a SL-SCH transport block transmitted within a TTI

	SL-C Category 2
	10
	100
	42,000
	127,488
	1,912,320
	31704
	31704

	SL-C Category 3
	20
	136
	57,160
	173,472
	2,602,080
	31704
	31704



Comparing Table 1 to Table 4.1B-1 of [4], the number of bits per TTI exceeds the values listed for SL communication. Because V2V is differentiated from D2D communication, a new UE category is proposed using the values listed in Table 1. 
Proposal 3. Send an LS to RAN2 to introduce a sidelink category for V2V.
Proposal 4. Set the maximum number of SL-SCH transport block bits received within a TTI to 42000 and 57160 for the two categories.

Conclusion
The following proposals for the transport block and capabilities are:
Proposal 1. Confirm the working assumption to use 31704 for the maximum number of bits for transport block.
Proposal 2. There is no LBRM for V2V. The performance requirements should be defined assuming that the UE can store all the soft bits received associated with a given transport block.
Observation: The number of soft bits associated with the maximum number of bits in the transport block is 96,192.
Proposal 3. Send an LS to RAN2 to introduce a sidelink category for V2V.
Proposal 4. Set the maximum number of SL-SCH transport block bits received within a TTI to 42000 and 57160 for the two categories.
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Appendix A. Soft buffer size calculation
The procedure for determining the number of coded bits is defined in sections 5.1.2, 5.1.3.2, and 5.1.4.1 of 36.212 [2].














When the combined size of transport block and parity bits for the payload CRC, B, exceeds Z=6114, segmentation into  code blocks occurs, where L=24 is the length of parity bit sequence for the code block CRC. The overall number of bits to be encoded is . The smallest turbo interleaver size  that satisfies the relationship  is selected. When ,  (number of code blocks of length ) and  (number of code blocks of length ). Otherwise, i.e., a procedure to determine  (largest turbo interleaver size smaller than ), , and  is followed. For the transport block sizes listed in Table 7.1.7.2.1-1 of 36.213[3], .










The turbo encoding procedure operates on each code block and produces 3 outputs each of length , where K is the turbo interleaver size. Each output is block interleaved using a rectangular (subblock) interleaver with  rows and  columns where  and , respectively. The output of the each subblock interleaver has length  with  dummy bits. Because all values of K are divisible by 32 when ,  and . 

For rate matching,  is considered for each code block. Thus, for the transport block sizes considered, there are CKw bits for the soft buffer. 
The following table lists the soft buffer size for a set of transport block sizes.
Table 2. Soft buffer size calculation. Italics signify TBS available for 96 PRBs
	ITBS
	Transport block size
	C
	K
	Kw
	Soft buffer size

	15
	29296
	5
	5888
	17760
	88,800

	
	30576
	5
	6144
	18528
	92,640

	16
	31704
	6
	5312
	16032
	96,192

	
	32856
	6
	5504
	16608
	99,648

	
	34008
	6
	5696
	17184
	103,104

	17
	35160
	6
	5888
	17760
	106,560

	18
	37888
	7
	5440
	16416
	114,912

	19
	42368
	7
	6080
	18336
	128,352



Appendix B. Soft buffer size calculation
The total number of bits received at the vehicle is constrained by the restriction of 2i3j5k for the PRBs, the largest ITBS supported, and the number of RBs that can be decoded. A search to find the maximum number of bits given the constraints on X (number of PSCCH) and Y (number of PRBs for the PSSCH) was performed. Since the soft buffer is almost proportional to the TBS, the search effectively maximizes the TBS subject to the PRB size constraint, X, and Y. 


where P is the number of PRBs (column 1 of Table 2) and T(P) is the transport block size for P (column 2). 
Applying this search for X=10 and Y=100, the PRB allocation of {4, 8, 8, 8, 72} yields the largest overall TBS; a total of 43928 bits. Note, there may be other allocations leading to the same total. Using Table 2, the soft buffer size is {5376, 10656, 10656, 10656, 96192} = 133,536. Note the simple allocation of 10 PRBs per SA leads to a total of 42,640 bits and the corresponding the soft buffer size is 129,600.
Applying this search for X=20 and Y=136, the PRB allocation of {8, 8, 8, 8, 8, 8, 8, 8, 72} yields 59,672 bits and 8×10656 + 96192 = 181,440 for the soft buffer size.
[bookmark: _Ref468974814]Table 3. Soft buffer sizes for potential allocations assuming maximum TBS is 31704 bits.
	N PRB
	Transport block size
	Soft buffer size

	1
	408
	1344

	2
	840
	2688

	3
	1288
	4032

	4
	1736
	5376

	5
	2152
	6624

	6
	2600
	7968

	8
	3496
	10656

	9
	3880
	11808

	10
	4264
	12960

	12
	5160
	15648

	15
	6456
	19776

	16
	6968
	21312

	18
	7736
	23616

	20
	8504
	25920

	24
	10296
	31296

	25
	10680
	32448

	27
	11448
	34752

	30
	12960
	39456

	32
	13536
	41184

	36
	15264
	46368

	40
	16992
	51552

	45
	19080
	57984

	48
	20616
	62592

	50
	21384
	64896

	54
	22920
	69504

	60
	25456
	77280

	64
	27376
	83040

	72
	31704
	96192

	75
	29296
	88800

	80
	31704
	96192

	81
	31704
	96192

	90
	29296
	88800

	96
	31704
	96192

	100
	30576
	92640



The above calculation excluded the SA size in the computation of transport block size. If the SA size were included, the results are:
· (X=10, Y=100): PRB allocation of {24, 72} provides 42,000 bits and 127,488 soft bits.
· (X=20, Y=136): PRB allocation of {60, 72} provides 57,160 bits and 173,472 soft bits.
Appendix C. current 36.306 for sidelink
[bookmark: _Toc470011788]4.1B	ue-CategorySL-C and ue-CategorySL-D
The ue-CategorySL-C and ue-CategorySL-D define reception and transmission capabilities for sidelink communication and sidelink discovery respectively. The parameters set by the UE SL-C (sidelink communication) category and UE SL-D (sidelink discovery) category are defined in subclause 4.2A. Table 4.1B-1 defines physical layer parameter values for each SL-C Category. Table 4.1B-2 defines physical layer parameter values for each SL-D Category. If a UE of this release supports sidelink communication, the UE shall support SL-C Category 1. If a UE of this release supports sidelink discovery, the UE shall support SL-D Category 1.
Table 4.1B-1: Reception and transmission physical parameter values set by ue-CategorySL-C
	UE SL-C Category
	Maximum number of SL-SCH transport block bits received within a TTI 
	Maximum number of bits of a SL-SCH transport block received within a TTI
	Maximum number of SL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of a SL-SCH transport block transmitted within a TTI
	Maximum number of supported layers for spatial multiplexing in SL-C

	SL-C Category 1
	25456
	25456
	25456
	25456
	1



Table 4.1B-2: Reception and transmission physical parameter values set by ue-CategorySL-D
	UE SL-D Category
	Maximum number of SL-DCH transport block bits received within a TTI 
	Maximum number of bits of a SL-DCH transport block received within a TTI
	Maximum number of SL-DCH transport block bits transmitted within a TTI
	Maximum number of bits of a SL-DCH transport block transmitted within a TTI
	Maximum number of supported layers for spatial multiplexing in SL-D

	SL-D Category 1
	11600
	232
	232
	232
	1
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