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1 Introduction
This document is a summary of the email discussion [95bis#14][LTE/V2V] – CR on resource reservation problem.
[95bis#14][LTE/V2V] – CR on resource reservation problem – Huawei 

-
Agree and identify the problem to solve in RAN2 based on RAN1 progress and CRs. 

-
Agree on how to solve it and whether it should be solved in RAN2

-
Intended outcome: Agreeable CR

-
Deadline: Tuesday 01/11/2016

This email discussion first will identify the potential problems in the current resource reservation procedure, and then discuss how to solve the potential problems if any. A CR may be provided according to the discussion progress.
2 Discussion
2.1 Issue#1: Deadlock Issue 

In TS 36.321, the number of transmission opportunities reserved for a multi-transmission grant has not been explicitly indicated, but there is a reference to TS 36.213 where the number of reserved transmission opportunities is assumed to be [10*SL_RESOURCE_RESELECTION_COUNTER]. The number is included in a bracket and can be further discussed. According to TS 36.321, after the counter SL_RESOURCE_RESELECTION_COUNTER is initialized, it is decremented after transmission of each MAC PDU. When the counter reaches 0 the UE will re-initialize the counter to a new value randomly selected between [5,15].
However, according to the analysis in [1], “it might occasionally happen that the UE does not have any MAC PDU to transmit even though there is a transmission opportunity available.” After all the transmission opportunities have passed, if the counter value has not reached 0, then it will never go to 0 as there is no resources in this sidelink process for transmitting new MAC PDUs. In this case, the UE would be refrained from doing resource reselection.
According to online and offline discussion, there are some proposals and views on this potential issue as below. Companies are invited to provide more options or select an option for this potential issue.
· Option 1: one counter only. The UE reserves transmission opportunities equal to the number of SL_RESOURCE_RESELECTION_COUNTER which is randomly selected between [5, 15], and SL_RESOURCE_RESELECTION_COUNTER is decremented after each transmission opportunity in case of no retransmission and after each retransmission opportunity (i.e., regardless of whether there is a MAC PDU to transmit or not).
· Option 2: one counter only. The UE reserves transmission opportunities equal to the number of SL_RESOURCE_RESELECTION_COUNTER which is randomly selected between a new range, and SL_RESOURCE_RESELECTION_COUNTER is decremented after each transmission opportunity in case of no retransmission and after each retransmission opportunity (i.e., regardless of whether there is a MAC PDU to transmit or not). This new range can be fixed to large range, e.g. [50, 150], or can be configurable.
· Option 3: two counters. One counter SL_RESOURCE_RESELECTION_COUNTER is randomly selected between [5, 15], and is decremented after transmission of each MAC PDU. Another counter is set to 10*SL_RESOURCE_RESELECTION_COUNTER or another value RAN1 finally chooses, and is decremented after each transmission opportunity in case of no retransmission and after each retransmission opportunity (i.e., regardless of whether there is a MAC PDU to transmit or not). The UE can perform reselection when either of the two counters reaches 0, whichever comes first. In other words, the second counter is used as a timer to limit the validity time of a configured SL grant.
· Option 4: This is not an issue. If this option is selected, please clarify the reason.

· Option 5: This is an issue, but should be handled by RAN1. If this option is selected, please clarify the reason and may give a second preference in case of indecision in RAN1..

· Option 6: Please companies add new options here if any.
· Option 7: one counter only. As in legacy, the UE reserves transmission opportunities equal to the number of SL_RESOURCE_RESELECTION_COUNTER which is randomly selected between [5, 15], and SL_RESOURCE_RESELECTION_COUNTER is decremented after each MAC PDU transmission. The UE clears all the configured grants and reset the counter SL_RESOURCE_RESELECTION_COUNTER in case there is no upper data for one transmission opportunity.
	Companies are invited to provide views below

	Companies
	Preferred option
	Comments if any

	Ericsson
	7
	In general, it seems redundant to specify different solutions for each of the described issues.

For this reason, Option 7 seems to be the neater solution, since it allows to solve at one time both the deadlock issue#1 and the issue#2, without basically changing the way the SL resource reselection counter is decremented in legacy.

Option 1 is simple, however option 1 alone does not solve issue#2. 
Option 2, just extends the counter range, but it seems to have the drawback of increasing the probability that issue#2 occurs.

Option 3 seems to be unnecessarily complicated since it requires the UE to initiate 2 counters in parallel.

	Huawei, HiSilicon
	2 or 1
	We think it is better to extend the range to reduce the number of reselections in some cases. 
The range is better to be configurable, because in different parameters may be suitable to different traffic load conditions or different resource configurations (e.g., bandwidths), similar to the backoff parameters used in CSMA/CA. For example, if the load is high, it is better to use a small value to reduce the collision probability, and vice versa. 
If the range is fixed, it brings the risk that these parameters may cause poor performance in some cases but operators cannot adjust them. This could also affect the results of LTE V2X performance in academic area, when comparing to DSRC which is based on 802.11 with adjustable parameters, e.g. backoff windows, 
On another hand, if the range parameters are fixed in this release, it would be difficult to adjust the parameters in a future release, because it would introduce fairness problem.

Regarding Ericsson’s concern, issue#2 can be addressed by the options below.

	LG
	None
	See our answer to the issue #2 

	Qualcomm
	5 or 3
	The first choice is Option 5 as RAN1 has already started discussing this. This is an issue discovered when implementing the RAN1 agreements in RAN2. So we need coordinate with RAN1 for a solution. If RAN1 agrees upon a solution, RAN2 could follow RAN1 decision.
If RAN1 is unable to provide a new scheme other than the one currently specified in TS 36.213, we prefer Option 3. This is because the intention of the second counter is to set up a “time” limit for the resource booking so this counter shall decrements along with time pass (in regardless of whether there is MAC transmission or not), the reselection will sure be always triggered. The exact value of this second counter may be further decided by RAN1.

Option 7 is not acceptable to Qualcomm because it is an overkill and eliminate any flexibility in the reservation interval decision which are currently allowed by the UE. This option makes the resource reservation procedure useless if the UE does not have traffic periodicity in multiples of 100. Please see the Qualcomm comment for Option 7 for more detail.

	Intel
	To be filled after having clarification between option 1 and option 2. 
	

	Samsung
	4
	It may happen that there is no MAC PDU in some transmission opportunities since resources are over booked. However, we can find even when traffic periodicity is the maximum value, the counter SL_RESOURCE_RESELECTION_COUNTER can reach zero before the final reserved resource (since the maximum traffic periodicity is 1s according to ETSI ITS specification).

Therefore, following the existing conclusion (SL_RESOURCE_RESELECTION_COUNTER which is decremented after transmission of each MAC PDU) is fine.

	ZTE
	7
	We share with Ericsson’ view.  This solution has less normative work and it is very simple for UE action.

	CATT
	1
	Option 1 is simple, and we will provide solution to solve issue 2. 

	OPPO
	7
	We also share the same view with Ericsson. This solution is much simpler than any other solution, and both issue 1 and issue 2 could be resolved.

	IDCC
	7
	We also agree with Ericsson.  Furthermore, if there are situations where there is no data available for transmissions from upper layer, or the periodicity of traffic has changed (as in Issue 2), it would seem more logical for the UE to perform reselection when the new data arrives to meet the data transmission characteristics of that new data.

	Panasonic
	7
	We share Ericsson’s view here.

	Sony
	7
	Option 7 is simple and reasonable solution. When UE has no data to transmit, there is no reason to reserve resources any more.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.2 Issue#2: No data for some transmission opportunities (e.g., traffic periodicity changes from a small value to a large value) 

As observed in [2], if UE-A’s traffic periodicity changes from 100ms to 500ms, UE-A will not transmit in some transmission opportunities. At the same time, another UE say UE-B may observe that those resources are empty and “available” and reserve the same resources. In this case, transmissions from UE-A and UE-B may collide in the following transmission opportunities reserved by UE-A, as illustrated in Fig.1.
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Fig.1 Collisions happen when the traffic periodicity changes from 100ms to 500ms

According to online and offline discussion, there are some proposals and views on this potential issue as below. Companies are invited to provide more options or select an option for this potential issue.

· Option 1: the UE clears all the configured grants and reset the counter SL_RESOURCE_RESELECTION_COUNTER in case there is no upper data for one or multiple transmission opportunities. The UE may not select new grants until arrival of new data, or may select another grant for multiple transmissions or a one-shot transmission.
· Option 2: This is not an issue. If this option is selected, please clarify the reason.

· Option 3: This is an issue, but should be handled by other groups. If this option is selected, please clarify the reason.

· Option 4: Please companies add new options here if any.
· Option 5:  SL_RESOURCE_RESELECTION_COUNTER works together with sensing mechanism. In case the UE doesn’t have data for transmission when SPS opportunity arrives, the UE decrements the SL_RESOURCE_RESELECTION_COUNTER and perform sensing for the reserved resources. If later on there is data for transmission but the reserved resource is reserved by another UE, the UE will perform resource re-selection and reset the SL_RESOURCE_RESELECTION_COUNTER, otherwise the UE keeps using the reserved resource and decrements the SL_RESOURCE_RESELECTION_COUNTER.
	Companies are invited to provide views below

	Companies
	Preferred option
	Comments if any

	Ericsson
	1
	As mentioned in our previous answer, this option seems to be enough to both solve issue#1 and issue#2.

	Huawei, HiSilicon
	1
	

	LG
	1
	We agree with Ericsson that this option seems to be enough to both solve issue#1 and issue#2. Note that re-setting the counter to 0 will trigger resource reselection according to the current specification, depending on probability test. How to specify option 1 should be further discussed.

	Qualcomm 
	2
	If the UE A knows it will switch from 100ms periodicity to 500ms periodicity in advance, then the UE A indicates the new 500ms periodicity in the SA transmitted along with the last blue packet indicated in the above diagram. So, as this SA carrying the new 500ms interval and will be decoded by the UE-B in proximity. Hence, no collision happens. 

If the UE is uncertain about the new traffic periodicity as there is suddenly no traffic comes from the upper layer, then the UE shall not simply give up its booking as suggested by Option 1 because the resource selection decision is made based on energy sensing over the whole 1000ms window. Missing 1 or 2 transmission does not make the resource of UE-A suddenly “null” energy so to be snatched by UE-B. Thus, UE A could stick to its existing booking if traffic resumes shortly after the interruption. But if UE A is lack of traffic for a long period of time, then the solution to issue#1 will kick in, so there is no need for a separate solution.

Performing resource reselection for only occasional periodicity changes will lead to frequent resource reselections which hurts the performance according to RAN1 simulation results.

	Intel
	1
	We think the determination just based one opportunity will make resource release and resource reselection very often. So considering sensing period is 1 second and we still use configured resource when the periodic traffic is changed, e.g. from 100ms to 200ms, it should be better to determine based multiple opportunities.

	Samsung
	3
	One of the reasons to introduce 10* SL_RESOURCE_RESELECTION_COUNTER is the assumption that UE traffic periodicity can be any value between [100, 1s] (according to RAN1 email discussion [86-05-213]), so UE has to reserve resources with a periodicity of 100ms even when its actual traffic periodicity is much larger.
Note that UE can only indicate one reservation interval value in all transmitted SA according to existing RAN1 specification, so this issue can happen even when traffic periodicity keep fixed. It is RAN1’s expertise to solve this issue if this issue deemed necessary to be solved.

	ZTE
	1
	Agree with Ericsson and LG. 

	CATT
	5
	The SL_RESOURCE_RESELECTION_COUNTER causes the resource collision problem and this option resolves the collision problem by sensing whether the reserved resource is reserved by other UEs.  

	OPPO
	1
	As indicated in the comment for issue 1.

	IDCC
	1
	See our comment in Issue 1.

	Panasonic
	1
	This option seems to be a simple and clean solution to resolve the issue. We think that releasing the configured grant and setting the counter to zero should happen already in case there is no upper data for one transmission opportunity.

	Sony
	1
	Transmitter UE should certainly indicate the intention of reservation to reduce any collision with other UEs. Otherwise the sensing benefit is reduced. To avoid this issue, the reservation should be performed based on the original transmission which is 100ms traffic here. If the traffic is changed, there is no reason to use old reservation period any more.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.3 Issue#3: No transmission opportunity for a data (e.g., traffic periodicity changes from a large value to a small value, or traffic offset changes) 

For the periodic traffic with 500ms periodicity, the UE may select grants for multiple transmissions occurring every 500ms. When the traffic periodicity changes from 500ms to 100ms as illustrated in Fig.2, or traffic generation timing changes [3], by using the configured grants, a packet is not able to be transmitted fulfilling the latency requirement of this packet. The packet may be dropped at the transmitting side. 
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Fig.2 Packets may be dropped when the traffic periodicity changes from 500ms to 100ms
According to online and offline discussion, there are some proposals and views on this potential issue as below. Companies are invited to provide more options or select an option for this potential issue.

· Option 1: the UE clears all the configured grants and reset the counter SL_RESOURCE_RESELECTION_COUNTER, in case the configured grant cannot meet the latency requirement of a RLC SDU. The UE may select another grant for multiple transmissions or a one-shot transmission.
· Option 2: This is not an issue. If this option is selected, please clarify the reason.

· Option 3: This is an issue, but should be handled by other groups. If this option is selected, please clarify the reason.

· Option 4: Please companies add new options here if any.
	Companies are invited to provide views below

	Companies
	Preferred option
	Comments if any

	Ericsson
	2
	This is not an issue, since current specification already allows the UE to perform one-shot or even to use another booking process for the newly arrived packet. When to use one-shot or when to use another booking process is already up to UE implementation in current specification, therefore no additional work seems needed.
Additionally, the shorter periodicity of the new MAC PDU might just be occasional, e.g. due to change of vehicle direction, or sudden vehicle acceleration, so that keeping the original resource reservation interval is more beneficial sometimes. In fact, performing resource reselection for only occasional periodicity changes might be detrimental and it might eventually lead to issue#2 or in any case frequent resource reselection triggering.

	Huawei, HiSilicon
	1
	Agree with Ericsson that it is up to implementation the UE can select another grant for one-shot or semi-persistent transmission. That also means that the old resources reserved are not useful anymore and should be released/cleared. So option 1 seems more reasonable.

Regarding Ericsson’s concern, option 1 does not mean the UE should perform resource reselection. When a packet arrives and there is no suitable booked transmission opportunity, actually in this case the UE does not know whether the traffic is periodical or not. It is possible that the traffic continues to be periodical but changes the periodicity or offset. It is also possible that the traffic is not periodical any more. 

Therefore, option 1 does not propose to perform reselection of semi-persistent resources, but just to clear the booked the semi-persistent resources and it is up to UE to select one-shot or semi-persistent resources based on its traffic characteristics.


	LG
	1
	As Ericsson said, it is true that the UE may be able to perform one-shot or use another booking process for the newly arrived packet. But, if the UE changes from 500ms to 100ms for a single logical channel (e.g. CAM only), it seems logical to remove 500 ms resources by resource reselection. In this case, there is no reason for keeping 500ms resources if UE choose 100 ms resources.
Note that re-setting the counter to 0 will trigger resource reselection according to the current specification depending on probability test. How to specify option 1 should be further discussed.

	Qualcomm
	2
	Agree with Ericsson, The appearance of a new 100ms traffic flow may not necessarily linked to the demise of the 500ms traffic flow. Instead, it may just due to a sudden manoeuvre of the car so the UE has no strong justification to clear the existing booking. The UE can do one-shot transmission or starting a new booking 

	Intel
	2
	Understand the issue, but we don’t think the determination of traffic pattern will be done just based on one packet. It needs some time to observe the traffic pattern and after that, if needed, the UE may trigger resource reselection.  

	Samsung
	2
	UE has reserved transmission opportunity for packet generated with any periodicity between [100ms, 1s] if resources are booked on every 100ms as mentioned in issue 2.

	ZTE
	1
	Agree with LG. We also think if current transmission resource (e.g., periodicity or offset or size) cannot satisfy V2X traffic requirement, resource reselection will be triggered immediately.

	CATT
	2
	Agree with Ericsson that the UE in this case can select one-shot resource reservation for a new packet arrival. The higher layer of the UE should decide whether to select a one-shot resource selection or to trigger resource re-selection based on UE implementation. 

	OPPO
	2
	Agree with previoius comments that in current specification, UE has already supported one-shot resource reservation for a new packet arrival. It is up to the UE implementation to trigger the selection of new resource selection or re-selection.

	IDCC
	2
	Agree with the previous comments that this situation can already be handled in the current specification.

	Panasonic
	1
	We agree with the comments from Huawei and LG

	Sony
	1
	Agree with LG. Similar to our previous comment, transmitter UE should reselect resources for new transmission.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Email discussion results
3.1 Summary
· Issue#1
Option 1: 2.5 companies support (considering one company is hesitant between option 1 and option 2)

Option 2: 1.5 companies support (considering one company is hesitant between option 1 and option 2)

Option 3: 1 company supports

Option 4: 1 company supports

Option 5: 1 company supports

Option 7: 6 companies support, but one company has strong concern.

· Issue#2, 

Option 1: 9 companies support

Option 2: 1 company supports

Option 3: 1 company supports

Option 5: 1 company supports
· Issue#3, 

Option 1: 5 companies support

Option 2: 7 companies support

3.2 Recommendations
For issue#1(dead-lock issue), majority companies support option 7 (i.e. the counter is decremented after transmission of each MAC PDU, and reserved resources are cleared and the counter is reset if there is no upper layer data for one transmission opportunity), but there is a strong concern. If a set of resources of 100ms periodicity is reserved for the traffic with e.g.,120ms or 150ms periodicity, there should be some unused resources occasionally, so that if option 7 is used, the UE shall release the reserved resources if there is an unused transmission opportunity. To resolve this issue, option 7 can be enhanced to by adopting a threshold, i.e., the UE only releases the reserved resources if there are consecutively N (e.g., 3) unused transmission opportunities. However, that would make option 7 cannot fully resolve dead-lock issue, because there is still a possibility that the counter (which is decremented after transmission of A MAC PDU according to option 7) does not reach 0 when all the reserved transmission opportunities are passed. 
Based on the situation, there are following alternatives suggested:

Alternative 1: To enhance option 7. The counter is decremented after transmission of each MAC PDU, and reserved resources are cleared and the counter is reset if there is no upper layer data for consecutive N (e.g., 3) transmission opportunities, or if all the reserved transmission opportunities are passed. Note that for this option, the number of transmission opportunities reserved are still pending, and could be up to RAN1.
Alternative 2: The counter is decremented after each transmission opportunity regardless of whether there is a MAC PDU for transmission or not (i.e., option 1).

Proposal 1: For dead-lock issue, RAN2 is suggested to select from Alternative 1 and Alternative 2.

For issue#2, majority companies support option 1 (i.e., the UE clears all the configured grants and reset the counter in case there is no upper data for one or multiple transmission opportunities). There are at least two companies have concern on performing reselection based on only one unused transmission opportunities, considering the case that the resources of 100ms periodicity may be used for traffic of e.g. 120ms, 150ms or 200ms periodicity. It is suggested to adopt option 1 based on multiple transmission opportunities. This has already been reflected in the Alternative 1 above, so it should be applied to Alternative 2 only.
Proposal 2: If Alternative 2 in Proposal 1 is selected, the UE clears all the configured grants and reset the counter SL_RESOURCE_RESELECTION_COUNTER in case there is no upper data for consecutive N (e.g., 3) transmission opportunities.

For issue#3, there are two views: one is that the UE can trigger selection of another grant; another is that the UE can clear the configured grants and trigger reselection. Considering that there is no majority view selected, it is suggested to leave the selection to UE implementation, and the MAC entity can select to trigger selection of another grant or to clear the configured grants and perform reselection.

Proposal 3: In case the configured grant cannot meet the latency requirement of the upper layer data, based on UE implementation, the MAC entity can select to trigger selection of another grant or clear the configured grants and perform reselection.

4 Proposals

Proposal 1: For dead-lock issue, RAN2 is suggested to select from Alternative 1 and Alternative 2.

· Alternative 1: To enhance option 7. The counter is decremented after transmission of each MAC PDU, and reserved resources are cleared and the counter is reset if there is no upper layer data for consecutive N (e.g., 3) transmission opportunities, or if all the reserved transmission opportunities are passed. Note that for this option, the number of transmission opportunities reserved are still pending, and could be up to RAN1.
· Alternative 2: The counter is decremented after each transmission opportunity regardless of whether there is a MAC PDU for transmission or not (i.e., option 1).

Proposal 2: If Alternative 2 in Proposal 1 is selected, the UE clears all the configured grants and reset the counter SL_RESOURCE_RESELECTION_COUNTER in case there is no upper data for consecutive N (e.g., 3) transmission opportunities.

Proposal 3: In case the configured grant cannot meet the latency requirement of the upper layer data, based on UE implementation, the MAC entity can select to trigger selection of another grant or to clear the configured grants and perform reselection.
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