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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In this contribution, the potential issue of using logical subframe indexing for candidate resource set is discussed. Instead, we propose to use physical subframe index for resource selection in order to ensure that low latency can be supported in all cases. A simple text proposal for 36.213 is also given in order to support the proposed solution. 
Discussions
The candidate resource set for Mode 4 resource selection is based on PSSCH resource pool [1]. According to the definition, the PSSCH resource pool is based on logical subframe indexing after the SLSS resources are excluded. In RAN1#87, it was agreed to have at most three sets of SLSS resources can be (pre)configured for out-coverage UEs. With three configured resources, using logical indexing will generate transmission delay that will accumulate over time and may eventually slightly exceed the latency requirement. 
An example of such a scenario is given as follows: assume that a UE has packets to transmit every 100ms with a 20ms stringent latency (e.g., urgent event-triggered traffic). Assume that the three set of resources as configured on the following subframes: {#20, #180, #340, …}, {#40, #200, #360, …}, and {#60, #220, #380, …}. Let also assume a reselection value of 10.
Assume UE receives the packet from higher layers at index 0 and transmits the 1st packet at time #10 (having a latency of 10ms). Based on logical indexing, the next packet transmission will have to skip three SLSS subframes (#20, #40, and #60) and occurs on time #113, thus accumulating more latency of 13ms. After 7 transmission periods, the accumulated latency is larger than 20ms.
[bookmark: _Ref473623278]Table 1. Latency analysis with logical subframe indexing
	
	1st packet
	2nd packet
	3rd packet
	4th packet
	5th packet
	6th packet
	7th packet
	8th packet
	9th  packet
	10th packet

	Time of arrival
	#0
	#100
	#200
	#300
	#400
	#500
	#600
	#700
	#800
	#900

	Time of being transmitted
	#10
	#113
	#215
	#316
	#419
	#521
	#622
	#725
	#826
	#928

	Latency
	10ms
	13ms
	15ms
	16ms
	19ms
	21ms
	22ms
	25ms
	26ms
	28ms



The probability for reselection after a value of 10 depends on the parameter probResourceKeep. If it is set to larger value to make the system more stable, a V-UE may occupy a resource for a long time, and latency may go up significantly. 
Another example is V-UE/P-UE traffic with a service periodicity of 1000ms. The latency requirement is 100ms. There are about 18 SLSS subframes per transmission period if three sets of resources are configured. The latency will be larger than 100ms after 5-6 reservation periods, as shown in Table 1.
Observation: Using logical subframe index for candidate resource set results in accumulated latency that degrades latency performance of LTE-V2X.
One solution to ensure the latency performance is to use physical subframe index for candidate resource set so that the resource reservation and service periodicity are time aligned. In the above example, if physical subframe index is used for PSSCH resource reservation, the latency does not increase with time, as shown in Table 2. 
[bookmark: _Ref473623256]Table 2. Latency analysis with physical subframe indexing
	
	1st packet
	2nd packet
	3rd packet
	4th packet
	5th packet
	6th packet
	7th packet
	8th   packet
	9th   packet
	10th packet

	Time of arrival
	#0
	#100
	#200
	#300
	#400
	#500
	#600
	#700
	#800
	#900

	Time of being transmitted
	#10
	#110
	#210
	#310
	#410
	#510
	#610
	#710
	#810
	#910

	Latency
	10ms
	10ms
	10ms
	10ms
	10ms
	10ms
	10ms
	10ms
	10ms
	10ms



Proposal 1: Resource selection and reservation are based on physical subframe index instead of logical subframe index.
The potential issue of using physical subframe index is that some subframes within the resource selection window will overlap with SLSS subframe after several transmission periods since there is a mismatch between service periodicity and SLSS periodicity. Thus, the SLSS subframes need to be excluded from the candidate resource set.
An illustration is shown in Figure 1. For LTE-V2X, the periodicity of service is 100ms. The periodicity of SLSS is 160ms. Considering that there is one set of configured SLSS resources, the SLSS subframes are subframe n, n+160, n+320, … 
Neither subframe n nor subframes n+20, n+40, n+60, n+80 can be selected as candidate resource since the former subframe is SLSS subframe and the later subframes will overlap with SLSS subframe after several transmission periods. Thus, these subframes should be excluded from the candidate set within the reservation period.


[bookmark: _Ref471316306]Figure 1 Illustration of overlapping between PSSCH and SLSS within reservation period

Proposal 2: The subframes within the resource selection window that will eventually overlap with an SLSS resource are excluded from the candidate resource set.
Conclusion
In this contribution, the potential issue of using logical subframe indexing for candidate resource set is identified. Physical subframe indexing is proposed for resource selection and reservation and one solution is given to avoid overlapping between PSSCH and SLSS subframes. 
Observation: Using logical subframe index for candidate resource set results in accumulated latency that degrades latency performance of LTE-V2X.
Proposal 1: Resource selection and reservation are based on physical subframe index instead of logical subframe index.
Proposal 2: The subframes within the resource selection window that will eventually overlap with an SLSS resource are excluded from the candidate resource set.
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Text Proposal for TS36.213
< Unchanged parts are omitted >
14.1.1.6	UE procedure for determining the subset of resources to be excluded in PSSCH resource selection in sidelink transmission mode 4




When requested by higher layers in subframe n, the UE shall determine the set of resources to be excluded in PSSCH transmission according to the following steps. Higher layers determine the parameters  the number of sub-channels to be used for the PSSCH transmission in a subframe,  the resource reservation interval determined by higher layers,  the priority to be transmitted in the associated SCI format 1 by the UE.  is determined according to subclause 14.1.1.4B.












1)	A candidate single-subframe resource for PSSCH transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in subframe  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding PSSCH resource pool (described in 14.1.5) within the time interval  corresponds to one candidate single-subframe resource, where selections of  and  are up to UE implementations under  and . UE selection of  shall fulfil the latency requirement. The total number of the candidate single-subframe resources is denoted by.
2)	The UE shall monitor subframes n-1000, n-999, …, n-1 except for those in which its transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and S-RSSI measured in these subframes.


3)	The parameter  is set to the value indicated by the i-th SL-ThresPSSCH-RSRP field in SL-ThresPSSCH-RSRP-List-r14 where .


4)	The set  is initialized to the union of all the candidate single-subframe resources. The set  is initialized to an empty set.


4a) The UE shall exclude any candidate single-subframe resource  from the set  if it meets the following condition:


[bookmark: _GoBack]-	there is an integer j which meets  is an SLSS subframe or reserved subframe, where j=0, 1, …, , y’ is the physical subframe index corresponding to subframe y


5)	The UE shall exclude any candidate single-subframe resource  from the set  if it meets all the following conditions:

	-	the UE has not monitored subframe  in Step 2.


	-	there is an integer j which meets  where j=0, 1, …,  and k is any value allowed by the higher layer parameter restrictResourceReservationPeriod.


6)	 The UE shall exclude any candidate single-subframe resource  from the set  if it meets all the following conditions:



-	the UE receives an SCI format 1 in subframe , and “Resource reservation” field and “Priority” field in the received SCI format 1 indicate the values  and , respectively.

-	PSSCH-RSRP measurement according to the received SCI format 1 is higher than .




-	the SCI format received in subframe or the same SCI format 1 which is assumed to be received in subframe  determines according to 14.1.1.4C the set of resource blocks and subframes which overlaps with  for j=0, 1, …, .
< Unchanged parts are omitted >
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