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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]The latest 38.321[1] capture the equation on resource allocation and HARQ process id of configured grant. After carefully checking we find the equation is not technically correct. In this paper correction is proposed to fix the problem.
Resource allocation of configured grant
Equation for CG type1 resource allocation in current MAC specification [1]:
[bookmark: _Toc37325146][bookmark: _Toc32916072][(SFN × numberOfSLSlotsPerFrame) + logical slot number in the frame] =
 (timeReferenceSFN × numberOfSLSlotsPerFrame + sl-TimeOffsetCGType1+ S × PeriodicitySL) modulo (1024 × numberOfSLSlotsPerFrame). (1)
Where:
·  (2)
· numberOfSLSlotsPerFrame: number of logical slots that can be used for SL transmsission in the frame as specified in clause 8.1.7 of TS 38.214 [7].
· N : number of logical slots that can be used for SL transmsission in the 20ms as specified in clause 8.1.7 of TS 38.214 [7].

Equation for CG type2 resource allocation in current MAC specification is as following:
[(SFN × numberOfSLSlotsPerFrame) + logical slot number in the frame] =
[(SFNstart time × numberOfSLSlotsPerFrame + slotstart time) + S × PeriodicitySL] modulo (1024 × numberOfSLSlotsPerFrame) (3)
where SFNstart time and slotstart time are the SFN and logical slot, respectively, of the first transmission opportunity of PSSCH where the configured sidelink grant was (re-)initialised.
There are some problems existing in the equation (1) and (3):
Problem 1: There is no such parameter as numberOfSLSlotsPerFrame defined in the referred section of 38.214. The number of logical slots within 20ms could be fixed based on network’s configuration, but the logical slots within odd and even radio frame could be different in case the radio frame structure is composed of two patterns.
This problem can be resolved by using parameter N instead of numberOfSLSlotsPerFrame . Accordingly SFN should be divided by 2 since N is constant in two radio frames. In addition N should be a constant value within one even frame and one odd frame. Otherwise #0 and #1023 radio frame can’t be covered by the equation.
Proposal1: to replace numberOfSLSlotsPerFrame with parameter N which is constant value within one even frame and one odd frame.
Problem 2: After changing sl_periodCG to be PeriodicitySL, the index of logical slot in the equation is not an absolute slot index within SFN period any more. Instead it should be a relative slot index within all sidelink slots of one SFN period. But obviously the parameter “sl-TimeOffsetCGType1” refers to absolute slot index within SFN period which doesn’t match the definition of PeriodicitySL.
If proposal1 is agreed, then “logical slot number in the frame” is should be changed to be logical slot number in two frames. In addition timeReferenceSFN could be either 0 or 256 instead of 0 or 512. And sl-TimeOffsetCGType1 should be offset between current slot and reference slot which is defined by timeReferenceSFN*N.
Proposal2a: “logical slot number in the frame” is changed to be “logical slot number in two frames”
Proposal2b: timeReferenceSFN is either 0 or 256
Proposal2c: sl-TimeOffsetCGType1 should be offset between current slot and reference slot which is defined by timeReferenceSFN*N
Problem 3: Even these two problems are resolved, the slots identified by the equation intends to be sidelink slots but it is possible that they are not located in the resource pool where the concerned CG is associated. This is related to how are resource pool slots defined which is depicted in Figure1:



Figure 1
Assuming:
· There are 3 and 7 SL slots in odd and even radio frame respectively, hence the N value is 10
· The bitmap length for a resource pool is 10 and detail bitmap is (1001001001) as illustrated in Figure 1
· The periodicity of the configured grant is 20ms
It is easy to conclude that PeriodicitySL=10 slots. The slots identified by equation (4) are CG slots in red in 2nd line of Figure 1. Note slots containing SL-SSB and reserved slot are also covered in 2nd line of Figure 1 while they are excluded in 3rd line i.e. potential slots of resource pool where bitmap is applied. Because of this even the PeriodicitySL is equal to bitmap length, still some of the CG slot don’t fall into resource pool. For example #10 slot in 2nd line is #8 slot in 3rd line which is not slot of resource pool. Another problem is that identified CG slot could be either slot containing SL-SSB or a reserved slot e.g. #20 slot in 2nd line.
In order to resolve the No.3 problem described above.
· Alt1: If an allocated CG slots falls out of resource pool then UE will consider it is an invalid CG slot hence drop it
· Alt2: If an allocated CG slots falls out of resource pool then a closest slot within resource pool is identified as CG slot.
· Alt3: change the spirit of the equation as such that slots are indexed within the associated resource pool
Alt1 can be applied for slot which doesn’t contain SL-SSB or reserved slot. In the example depicted in Figure 1, UE can take #9 slot as CG slot instead of #8 slot in the same line. The consequence is that partial CG slot could be dropped. For example slot#20 in 2nd line is dropped because it is even not in the 3rd line at all.
Compared to Alt1, in Alt2 CG slot which is not marked as “1” in the bitmap of 3rd line in Figure1 will be also dropped e.g. #10 slot in 2nd line. Note this approach is actually align with what LTE V2X specifications.
The updated equation for Alt1 and Alt2 for CG type1 could be:
[floor(SFN/2) ×N + logical slot number in two frames]=
 [(timeReferenceSFN×N + sl-TimeOffsetCGType1+ S × PeriodicitySL)] modulo (512 × N). (4)
· logical slot number in two frames refer to relative slot index among sidelink slots within two radio frames and it should be 0~(N-1).
· TimeReferenceSFN refers to reference SFN which is either zero or 256
· sl-TimeOffsetCGType1 is the time offset between current slot and reference slot defined by TimeReferenceSFN*N. Only sidelink slots are counted.
· N : number of slots that can be used for SL transmsission in the 20ms (one even frame and one odd frame) as specified in clause 8.1.7 of TS 38.214 [7].
The equation for Alt1 and Alt2 for CG type2 could be:
[(floor(SFN/2) ×N) + logical slot number in two frames] =
[(floor(SFNstart time /2)×N+ slotstart time) + S × PeriodicitySL] modulo (512 × N) (5)
· SFNstart time is the SFN of the first transmission opportunity of PSSCH where the configured sidelink grant was (re-)initialised
· slotstart time is the relative slot index of the first transmission opportunity of PSSCH where the configured sidelink grant was (re-)initialised, among sidelink slots within two radio frames and it should be 0~(N-1)
For Alt3, the basic idea is that the total number of logical slots and logical slot index refer to set of slots within the associated resource pool. In order to limit CG slots within resource pool, the equation to transform the sl_periodCG to PeriodicitySL is changed as following:
 (6)
Where:
· K is the total number of slots within the bitmap marked with 1
· L is the bitmap length
The detail equation for CG type1 is as following:
 (7)
Where:
·  is the total number of slots in the resource pool within SFN period that the SL CG is associated to;
·  is the slot offset between the first SL CG resource and  
·  is the period of SL CG resources. Please refer to equation (6)
· Current_slot is the logical slot index in the resource pool within SFN period, it is within [0, ]
· S is the number of CG radio resource, S>=0
·  is either 1st slot within associated resource pool i.e. zero or slot index equal to 
For CG type2, the equation is as following:
 (8)
Where parameters current_slot, S, sl_periodCG_RP has same meaning of equation (7). And slot_start refer the slot index of the first transmission opportunity of PSSCH where the configured sidelink grant was (re-)initialised
Because CG slots identified via equation (7) or (8) are completely located in resource pool so there is no CG slots will be dropped.
From Figure 1 in order to allocate CG slot within slots of resource pool network need take slot containing SL-SSB, reserved slot, the bitmap length and detail bitmap into account which is very complicated.
	Alternatives
	Drop of CG slot
	Complexity

	Alt1
	CG slot colliding with slots containing SL-SSB or reserved slot and slot out of resource pool will be dropped
	High

	Alt2
	CG slot colliding with slots containing SL-SSB or reserved slot will be dropped
	High

	Alt3
	No CG slot will be dropped
	low


Table 1 comparison of alternatives
Proposal3: to agree with alt3 i.e. change the spirit of the equation as such that slots are indexed within the associated resource pool
Proposal4: to agree equation (6)(7)(8) for configured grant type1 and type2
HARQ process ID of configured grant
In current MAC spec for configured sidelink grants, the HARQ Process ID associated with the first slot of a SL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_slot / sl-periodCG)] modulo nrofHARQ-Processes + sl-harq-procID-offset
where CURRENT_slot = (SFN × numberOfSlotsPerFrame + slot number in the frame), and numberOfSlotsPerFrame refer to the number of consecutive slots per frame as specified in TS 38.211.
[bookmark: _GoBack]This equation is correct as long as there is only one resource within period defined by sl-periodCG. But regardless which alternative in section2 is agreed it is actually possible that there could be more than one or no CG resource within period defined by sl-periodCG because the real CG resource is allocated based on transformed periodicity. So to be in safe side, this equation should be adapted to the periodicity used for resource allocation.
Proposal5: to align the interpretation of CURRENT_slot and sl-periodCG between equation for resource allocation and HARQ process id
Conclusion 
Proposal1: to replace numberOfSLSlotsPerFrame with parameter N which is constant value within one even frame and one odd frame.
Proposal2a: “logical slot number in the frame” is changed to be “logical slot number in two frames”
Proposal2b: timeReferenceSFN is either 0 or 256
Proposal2c: sl-TimeOffsetCGType1 should be offset between current slot and reference slot which is defined by timeReferenceSFN*N
Proposal3: to agree with alt3 i.e. change the spirit of the equation as such that slots are indexed within the associated resource pool
Proposal4: to agree equation (6)(7)(8) for configured grant type1 and type2
Proposal5: to align the interpretation of CURRENT_slot and sl-periodCG between equation for resource allocation and HARQ process id
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[bookmark: _Ref32829969][1] 38.321v16.1.0 Medium Access Control (MAC) protocol specification
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