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1 Introduction

This document is a summary of the following email discussion:
[102#74][LTE/V2X] Sensing/reporting resource for mode 3 (Huawei)


Discuss possible options for sensing and reporting on the resources for mode 3, decide single option and prepare workable and agreeable CR for the next meeting (Huawei, R2-1808930) 


Deadline:  Thursday 2018-08-02

Specifically, this document collects companies' perspectives on the key issues to support Mode 3 sensing and reporting mechanism. A companion CR to introduce this feature is also provided in [1] based on the majorities' preference collected by this document. 
2 Discussion 
The first question that needs to be answered is, for a Tx resource pool shared by Mode 3 and Mode 4, the sensing results of which subframes within the pool can be reported by the Mode 3 UE. Certainly, one possible way is to enable the UE to report the sensing results of all the subframes in the pool, after the shared Tx pool is configured. However, this can lead to rather big uplink overheads, considering that up to 100 subframes (i.e. bs100-r14) can be included in each period of a Tx resource pool, and the sensing result (or occupation status) on each subchannel may further need to be reported per subframe. 

As a result, overhead saving for Mode 3 sensing result reporting may need to be considered, e.g. to enable the eNB to configure only a portion of subframes within the shared Tx pool, of which the sensing results can be reported, to the Mode 3 UE. 
· Question 1: Should the eNB configure only a portion of subframes in the shared Tx pool, of which sensing results are measured for reporting by the Mode 3 UE? 
a) Yes. Introduce a bitmap (e.g. reuse SL-SubframeBitmap-r14): it indicates the subframes of which sensing results can be collected for reporting within the shared Tx pool, by repeating with the same period (i.e. same bitmap size) as the subframe bitmap of the pool.   
b) Yes. Introduce a set of Indices: it indicates the subframes of which sensing results can be collected for reporting within the shared Tx pool, by referring to their associated bits in the subframe bitmap of the pool (e.g. index = i refers to the subframe associated with bit i in that bitmap). 

c) No. The sensing results of all the subframes within the shared Tx pool are measured for reporting. No new signaling needs to be introduced.   

d) Others. Please clarify other solutions, if this option is chosen.  
e) No. One can just limit the number of reported available resources, e.g., UE just needs to report configurable number of available resources to network. Each resource is reported by indexing the resource candidates within S_A, where the number of reported resource is configurable by network and can be less than 20% of the whole resource candidates within S_A.

Two examples are given for above option a) and option b) respectively in the Appendix. 
	Companies are invited to provide views below for Question 1

	Companies
	Preferred options
	Comments if any

	ZTE
	C
	all the subframes within the shared Tx pool are measured, and the sensing results of subset measured valid resources for reporting.

	OPPO
	C or E with comment
	Looking at the figures in Appendix, the subframe restriction is for sensing, i.e., it seems another way to do partial sensing (which is different from the current behavior defined in PHY layer specification), but the description above seems to say the subframe restriction is for reporting size reduction, i.e., not related to the sensing behavior. 

If the former understanding is correct, we do not think mode-3 report should affect the legacy full / partial sensing operation, but only changes the internal report within UE (from PHY to MAC) to external report from UE to network. So that option C is preferred.

If the latter understanding is correct, then this question is for optimization of the reporting overhead, so that option c) which aligns with legacy sensing procedure for mode-4 can be seen as a baseline at least.

Option a) and b) is to limit the resource availability report on specific subframes (i.e., the available resources on the other subframes would not be included in the report), the only difference is on the configuration signaling format design. However, one cannot ensure that the available resource will be on the configured subframes, since sensing procedure of PHY layer would treat all resources within [T1, T2] window as candidates, but not specific subframes. This solution may result into no available resources to be reported.

Another way to optimize signaling overhead (i.e., option e)) is instead of reporting the availability of all resources via bitmap, one can just report configurable number of available resources, i.e., can be less than 20% of traditional S_B. Using unique index of the resource candidates within S_A, UE can just report a sub-set of available resources within S_B.

	CATT
	C
	A resource pool shall be fully sensed and reported, since there is no limitation for the Tx UE to use any part of the resource of one resource pool. In another word, Tx UE can use all the resources of a pool, a pool shall be fully reported to the network. 

	Fraunhofer HHI
	a) or c)
	For option a), the eNB has the possibility to update the sensing bitmap at regular intervals. The eNB selects the sensing bitmap based on the subframes where mode 3 UEs are not allocated, but where mode 4 UEs can potentially transmit.

For option c), the UE can carry out the sensing of all subframes and send a bitmap of the subframes exceeding a pre-defined threshold.

	Panasonic
	D
	We prefer mode 3 UE does sensing and only reports candidate resources instead of sensing results like S-RSRP or S-RSSI to eNB. If majority view supports reporting sensing results by mode 3 UE, we are fine with Option a) or b) which provides sufficient flexibility to eNB to balance the accuracy of reported sensing results and overhead.

	Huawei
	a (preferred), 

c (acceptable)
	All we want to do with Option a) and b) is to limit the reporting overhead as much as possible, because we are afraid that if it is fully left to UE to decide how many subframes for which it aims to report the sensing results by setting T1,T2, the reporting overhead may become too big to afford (as analyzed by OPPO in Q3). 

But if the majority doesn't want to have the eNB configuration for such restriction, we are also fine to go for Option c), with the assumption that the UE won't choose too many subframes for which sensing results are reported (i.e. not select too big T2).

	Interdigital
	a or e 
	We think it is necessary to restrict the reporting size based on some network configuration. A has the advantage that it could reduce sensing overhead for a UE performing only Mode 3 transmission. However, E has advantage that the network will be aware of the best resources for a UE. Option E also reduces NW configuration overhead (NW configures a number of resources only instead of a bitmap over resource pool).

For either option, we think availability of the resource should be reported. In mode 4, availability is determined based on the PPPP of the packet to be transmitted. For mode 3 reporting, this PPPP is not present and either needs to be configured or a fixed value should be used.     



	Lenovo
	c)
	The solution may introduce new sensing behaviour compared with legacy full sensing and partial sensing, i.e. a new kind of partial sensing. In our opinion, legacy sensing procedure and mechanism should not be changed only because of overhead consideration for mode-3 UE reporting results. 

	ITRI
	c
	Given the resource pool capability to sense all channels (sharing pool), and then report it, it is necessary for UE to deliver the reports and it is sufficient at the same time. No need to add any extra overload signalling from eNB.

	Samsung
	c
	We share the view that no additional restriction is needed.

	Nokia
	a) or e)
	Thanks to OPPO for a comprehensive analysis of what the question actually is trying to clarify. We share the view outlined by Interdigital and think that there should be a possibility for the NW to configure just the subset of subframes for sensing and reporting (after all, this is still a Mode 3 UE). Option e) is also acceptable as it will decrease the reporting overhead. However, the same goal can be achieved with option a), where not only the reporting is limited, but the UE also is not obliged to sense in all of the subframes (in Option e) UEs anyway sense the whole pool and all subframes, correct?)

	Qualcomm
	e)
	In order to reduce the reporting overhead, the UE shall have the choice to only report a small number (or a small percentage) of “good candidate resources”, which could be only a subset of resource it has sensed in the shared TX pool. It is also need to emphasize that UE does not need to report raw measurement results, it only needs to indicate what are good candidates for ”resource selection” (agree with Panasonic)

	Ericsson
	C)
	It is the simplest solution requiring less specification changes. Additionally, in the other options, it is not clear what resources the eNB may configure for the sensing reporting. Given that any resource in mode-3 pool may be scheduled, it is likely that the eNB will anyhow configure the whole mode-3 pool for sensing reporting.

	Intel
	a)
	We think that the specific subframes configured for sensing/reporting should be explicitly indicated by the eNB. Thus, the signalling overhead vs amount of information from such reporting is under network control, in the spirit of mode 3 operation. Moreover, the main motivation of e) can be accomplished by such configuration in a) (as Nokia pointed out), so we prefer option a).


Option a): 5

Option b): 0

Option c): 9

Option d): 1 (with no solution)

Option e): 4

Rapporteur's remark: This question aims actually to check with companies whether there is the need to restrict the specific subframes for which sensing results can be reported, so as to reduce the reporting overhead. As seen from above table, a majority of companies (9) think no such restriction is needed, and the sensing result of any subframe within the shared resource pool can be reported, if its sensing result is got via legacy sensing procedure in PHY (see also Q2 below). 

Proposal 1: No need for eNB configuration to restrict the specific subframes whose sensing results can be reported. No need for eNB configuration to restrict the number of the available resources that can be reported. 

As per the existing specification [2], a (Mode 4) UE obtains sensing results for the subframes within a time interval (from T1 to T2) after this moment, based on the sensing performed during the last 1 second. As the length of the time interval is up to UE implementation, this interval may cover multiple periods of the shared Tx pool, which means that it is likely for a Mode 3 UE to get the sensing results of those subframes configured for sensing and reporting (no matter a portion of or all subframes in the pool
) across multiple periods of the shared Tx pool.
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One can say that all these sensing results, across multiple periods of the Tx pool, can be reported to provide as much information as possible to the eNB. But this, again, may result in the issue of signalling overhead. As it is desirable to reuse the existing sensing mechanism without change, this issue related to overhead may need to be discussed as well. 

· Question 2: Is the Mode 3 UE allowed to report the sensing results of the configured subframes across multiple periods of the shared Tx pool?
a) No. The UE only reports sensing result of the configured subframes included in the next period of the pool.

b) No. The UE only reports sensing result of the configured subframes to appear earliest next time. 

c) Yes. The UE reports N sensing results of the configured subframes included in the next N periods of the pool, where N is configured by the eNB.  

d) Others. Please clarify other solutions, if this option is chosen.  

e) No. The UE can report sensing result of a sub set of available subframes and subchannels from (n+T1) to (n+T2.)
	Companies are invited to provide views below for Question 2

	Companies
	Preferred options
	Comments if any

	ZTE 
	e
	

	OPPO
	e
	This question is somehow misleading. According to the legacy sensing procedure, all the resources within [T1, T2] window are seen as different resource candidates. In other words, if the window is 60ms as shown in the figure, the resources within  the three 20ms time periods should be seen as different available resource candidates, so that one cannot derive the resource availability of one 20ms-period from another. Therefore, the reporting of one 20ms-period cannot be replaced by another 20ms-period.

	CATT
	e
	I don’t see any need to report multiple periods of sensing results. 

	Fraunhofer HHI
	c) or e)
	For option c), the eNB configures the UE to send a sensing report from the previous N periods of the resource pool. This will allow the eNB to dictate the size of the sensing report.

If N=1, option a) is also covered.

For option e), the UE sends a report for the specified period between T1 and T2.

	Panasonic
	C
	If sensing results reported by UE is supported, we think it is better that the reported results cover the duration of the selection window which would include multiple periods of the Tx resource pool.

	Huawei
	a (preferred), 

e (acceptable)
	We also think that, for simplicity, to report sensing result for one period is enough. So, if we go for Option a) in Q1 and thus have some subframes configured by the eNB like in the Appendix, we would like to have Option a) for this question as well. For example, the UE just needs to report the sensing results of those red subframes in the Next period of the Tx pool.

Otherwise, if Option c) is the majority's preference in Q1, we can also accept Option e), with the assumption, as commented in Q1, that the UE can select proper T1 and T2 which won't cause too big reporting overhead. 

However, please note that, if we finally don't agree on Option a) or b) in Q1 to allow the eNB to configure specific subframes for sensing result reporting, there must be a way for the UE to indicate the subframes and subchannels it actually reports for, so that the eNB can know the sensing results are actually reported for which subchannels on which subframes by the UE. This is related to Q3 below.

	Interdigital
	e 
	The sensing report should not be limited to a single period of the resource pool, as pointed out by OPPO. However, for sensing and reporting in mode 3, we need to discuss further how the UE determines T2, since for mode 4, T2 is derived from the PDB of the packet to be transmitted. T2 could be configured by the network, for example.

	Lenovo
	e)
	Sensing results between T1 and T2 is better to be all reported to eNB in our opinion, to have more flexible resource allocation and minimize resource collision. But the period of T1 and T2 should be aligned with eNB to avoid misunderstanding between eNB and UE.

	ITRI
	c) or e)
	Even the c) multiple period or e) Specified period between T1 and T2 can be considered

	Samsung
	e)
	

	Nokia
	e)
	Agree with OPPO’s view

	Qualcomm
	e
	UE determine good candidates with [T1, T2]. No more complexity is needed to entangle this with subframe bitmap “periods”. It is up to eNB implementation derive and optimize the resource allocation based on “limited” UE reporting and its own configuration of the TX pool composition.

	Ericsson
	e)
	The sensing results should be related to the UE candidate set. Offset of the window [n+T1, n+T2] may also need to be signaled.

	Intel
	e)
	Agreed with the above view that UE determination of T1 and T2 should be based on NW signaling, related to the specific candidate subframes that are configured for sensing/reporting.


Option a): 1

Option b): 0

Option c): 3

Option d): 0 (with no solution)

Option e): 13

Rapporteur's Remark: A majority of companies (13) prefer Option e and thus think that the Mode 3 UE should report the sensing results of available subframes and subchannels within the window from (n+T1) to (n+T2), in order to be as aligned with legacy sensing procedure for Mode 4 as possible. This is proposed in the following. 
Proposal 2: The UE can report sensing results of available subframes and subchannels within [n+T1, n+T2].
There are multiple subchannels on each subframe included in a Tx resource pool, so the sensing result of each subframe configured needs to reflect the availability/occupation of each subchannel thereon. So the next question is how to signal the sensing result for each subchannel on a specific subframe configured for sensing and reporting.  

· Question 3: How does a Mode 3 UE signal the sensing result, i.e. the availability/occupation of each subchannel, on each configured subframe for sensing and reporting?
a) Use a bitmap, with each bit indicating the availability/occupation (e.g. 1/0) of each subchannel.
b) Use a set of subchannel numbers to indicate which subchannels are available/occupied.   

c) Others. Please clarify other solutions, if this option is chosen

d) Use a list of fields for frequency indication, such as RIV, each of the fields is to indicate a set of continuous available sub-channels. In addition, a subset of subframe numbers can be used for time indication, each subframe number is associated with the field of frequency indication
e) Each candidate in the time/frequency space shall be indexed, according to a common rule in the configured TX pool to enumerate the resource candidates, the size of subchannel for each candidate can be NW configure or UE-detemriend based on the prior grant(s). Mode 3 UE only need to report one or more index as the good candidates to eNB.

	Companies are invited to provide views below for Question 3

	Companies
	Preferred options
	Comments if any

	ZTE 
	d
	

	OPPO
	
	This question actually relates to two aspects.

1. How to configure the “subchannel number” as an input factor to the legacy PHY sensing procedure (according to 36.213 section 14.1.1.6, “…Parameters 
[image: image2.wmf]subCH

L

 the number of sub-channels to be used for the PSSCH transmission in a subframe…”. For this question, the resulted number of resource candidates on each subframe would be different depending on the input value of L_subCH. E.g., if L_subCH is set as full bandwidth, then there is only one resource candidate for each subframe, regardless of the number of subchannels. Therefore, the description of “the availability / occupation of each subchannel” is not so accurate.

2. What is the signaling format of the mode-3 sensing report. In general, there could be two solution types:

- Bitmap based reporting, in this way, only 1-bit is used for a single resource candidate, but the drawback is that all the resources have to reported anyway.

- Resource index, in this way, log_2(x) bit is used for a single resource candidate (where x is the number of all resource candidates within S_A), but the number of reported resources can be configured.

As answered for Q1, we prefer the latter one. A simple calculation shows that: If the bitmap scheme is used, assume T2=100, T1=4, L_subCH=1, numSubchannel=20, 8 SPS thread, each can be applicable to 3 carriers, then in this worst case, the signaling size would be 97 subframe * 20 subchannels * 8 SPS pattern * 3 carriers = 5820 Byte, => even if full bandwidth is used (i.e., 100 PRB), one need MCS level higher than 10 to do the 6KB reporting, which is too heavy to be afforded by cell-edge UEs.


	CATT
	a
	A bit map is simple enough to signal the sensing result. 

	Fraunhofer HHI
	a)
	Report the subchannel bitmap of the configured subframes to indicate the occupancy across frequency, based on a pre-defined sub channel occupancy threshold.

	Panasonic
	B
	b) is preferable from overhead point of view.

	Huawei
	a, b(d)
	As per our comments to Q2, this question is actually to discuss how to indicate the subframes and subchannels for which the sensing results are reported by the UE, so as to make the eNB know for which subchannels on which subframes the results are actually reported. 

Now we can see two ways of doing this from companies' inputs:

1) A list of {Subframe index/number, Subchannel Bitmap}, with the "Subchannel Bitmap" indicating the availability/occupation of the subchannels on the subframe indicated by the "Subframe index/number". This corresponds to Option a). 

2) A list of {Subframe index/number, Subchannel indicator}, with "Subchannel indicator" (e.g. RIV) indicating an available subchannel on the subframe indicated by the "Subframe index/number". This corresponds to Option b) and d) between which we don't see big difference. 

Of course, if we go for Option a) in Q1, this "Subframe index/number" does not need to be explicitly signaled, as the eNB has already indicated explicitly which subframes can be reported for. But if we don't allow the eNB to configure the specific subframes, this parameter for subframe indication should be needed. 

	Interdigital
	a
	We think the bitmap approach (option a) is simple and better from overhead perspective. Option b has less overhead only when network configuration keeps the number of reported available resources low. This would be a limitation in network flexibility. 

	Lenovo
	a)
	Tend to prefer a simple solution, e.g. a bitmap to indicate the occupation of each subchannel

	ITRI
	a) 
	Bitmap can indicate occupation of each subchannel or subchannel set 

	Samsung
	b), d)
	The difference between the two is not that clear, so either b) or d) is fine.

	Nokia
	
	This is also related to Q1. As pointed out by Huawei, if option a) is chosen in Q1 then the report already comprises “just” the results for indicated subframes/subchannels. In general – bitmap approach is the simplest, but OPPO has a point and their calculations may look worrying Thus, let’s first decide on Q1 before resolving this one.

	Qualcomm
	e)
	To reduce reporting overhead, only a limited number of good resource to be reported. Using a bitmap is too heavy. To further reduce the overhead, there is also no need to report in the granularity of each subchannel. The good candidate(s) are determined based on a certain size of grant, e.g., each candidate has m subchannels, and the index of the resource selection candidates is also built on this assumption. 

	Ericsson
	a)
	b) gives less overhead, but it does not give enough granularity for mode-3 scheduling.

	Intel
	a)
	We think the bitmap approach grants the greatest amount of granularity and information relevant for the eNB to schedule future transmissions. Assuming that as the baseline, to alleviate the concerns from companies, we can consider some enhancements (such as reduced granularity of subchannels), once we decide on Q1.


Option a): 8

Option b): 2

Option c): 0 (with no solution)

Option d): 3

Option e): 1

Rapporteur's Remark: As for this question on how to signal the resource availability on each subframe for which sensing result is reported, a majority of companies (8) selected Option a and thus supported to use a bitmap to indicate the availability of each subchannel. 

However, since the majority does not like the eNB to configured the specific subframes for sensing result reporting as in Q1, there may have to be a way for the UE to indicate for which subframes the sensing results are actually reported; otherwise, the eNB is not able to know the sensing results reported are actually involving which subframes in time domain. 
Proposal 3: For each subframe whose sensing result is reported (i.e. within [n+T1, n+T2] as in Proposal 2), use a bitmap to indicate the availability of each subchannel (as frequency indication). 
· Question 3a: How does the UE indicate each subframe of which sensing result is reported in time domain? 
a) Use the absolute subframe number of each subframe reported.
b) Indicate the absolute subframe number for n+T1, and an offset for each subfame reported related to n+T1.     

c) Others. Please clarify other solutions, if this option is chosen.

d) Indicate the value of T1 (or T2) to network, and an offset for each subframe reported related to n+t1 (or n+T2); 
e) Indicate the offset with respect to SFN 0 of the bitmap reported

	Companies are invited to provide views below for Question 3a

	Companies
	Preferred options
	Comments if any

	OPPO
	d
	The absolute subframe number (within 10240 window), or essentially the value of n is not needed, since the sensing results is not for a single resource within in [T1, T2] window, but a series of resource repeated in the periodicity of P_rsvp_TX by C_resel times. The pattern of the periodically repeated resource is anyway w.r.t. the traffic pattern information which represent the value of n, and is already reported to network.

TrafficPatternInfo-r14 ::=
SEQUENCE {


trafficPeriodicity-r14


ENUMERATED {












sf20, sf50, sf100, sf200, sf300, sf400, sf500,












sf600, sf700, sf800, sf900, sf1000},

timingOffset-r14




INTEGER (0..10239),

priorityInfoSL-r14




SL-Priority-r13







OPTIONAL,


logicalChannelIdentityUL-r14

INTEGER (3..10)







OPTIONAL,


messageSize-r14




BIT STRING (SIZE (6))
}

Acturally, the resource within [T1, T2] window is probably not the resource actually granted by network, considering the reporting / scheduling latency in-between, but a series of SPS-resource may be granted by network, starting for the 2nd/3rd repeated resource.



	Huawei
	a), b) or d)
	We are fine with any solution, as long as the subframes can be clearly indicated. 

	Ericsson
	e)
	Regarding option d) we are not sure that is needed to explicitly report the [T1, T2] time window, since from eNB perspective it is just important to know the point in time from which the bitmap of the sensing results applies.

	Nokia
	e)
	The solution with an offset could be a better option than to signal the absolute subframe number for every reported subframe, especially when the number of subframes to be reported increases. If any absolute reference is needed, then Ericsson’s SFN0 reference point could be the most straightforward option.

	Fraunhofer HHI
	e)
	It is important that the subframe(s) corresponding to the sensing results be clearly derived from the eNB perspective, without any mismatches. Since the size of the report is variable, reporting the offset with respect to the SFN 0 starting reference point seems to be the simpler option.  

	Qualcomm
	a) b) or d)
	We are fine with solution which can clearly indicate the (absolute or relative” “index” of reported subframes which has good sensing results, But we are against the mechanism to use bitmap in the time domain for sensing reporting, which will cause too much overhead. 

	Interdigital
	b) or d)
	We think b) or d) will reduce the overhead of the sensing reports.

	Intel
	a), b) or d)
	We are fine with either option as pointed out earlier by HW. The main motivation of the offset seems to be reduce overhead by not sending the whole bitmap, so either of the options should work.

	Samsung
	a), b) or d)
	We are also fine with the subframe approach.

	ZTE
	d)
	Considering signaling overhead, we think d is better.

	CATT
	b) d) or e)
	We think absolute subframe introduces higher signaling overhead. 

	Lenovo
	a), b) or d)
	We are fine for the solutions as long as it can clearly indicate the  

	ITRI
	d)
	This choice will reduce the signaling overhead of sensing report 


Option a): 5

Option b): 7
Option c): 0 (with no solution)

Option d): 10

Option e): 4

Rapporteur's remark: The majority chose Option b and d in order to decrease signalling overhead. The two options are quite similar to each other, and the only issue left seems just to be whether to use n+T1 or n+T2 as the reference for the offset of each subframe reported in the time domain. 

Proposal 3a: The UE indicates the absolute value of n+T1(or n+T2) as the reference point and an offset for each subframe reported with respect to that reference point. FFS whether to choose n+T1 or n+T2 as the reference point.
There should be the trigger for the sensing result reporting which can be treated as another kind of measurement report. The simplest way seems to reuse the trigger for CBR reporting, as both sensing results and CBR are actually used to reflect the channel status in the sidelink, and also this can minimize standard impact. However, one may also think about other triggers. Then, let us further discuss the trigger for Mode 3 sensing result reporting.

· Question 4: What should be the trigger for Mode 3 sensing result reporting?
a) Reuse the trigger of CBR reporting (i.e. periodic and event-triggered).
b) Others. Please clarify other solutions, if this option is chosen.
c) When the previously reported resource availability changes, new report can be triggered.
d) Only when the resource allocation in mode-3 grants are bad

	Companies are invited to provide views below for Question 4

	Companies
	Preferred options
	Comments if any

	ZTE 
	a
	

	OPPO
	c
	Considering that the mode-3 reporting is to provide network with available resource for scheduling, the reporting is only needed when the previously reported available resources becomes unavailable.

To achieve this, obviously the periodical trigger would not efficient, i.e., the report would be still triggered even if the report content does not change. And the event V1/2 for CBR reporting is not applicable as well, since the resource availability has nothing to do with CBR status. In other words, CBR change does not necessarily means the old sensing result becomes not valid, or CBR no-change does not necessarily means the old sensing result is still valid.

	CATT
	a
	

	Fraunhofer HHI
	a)
	Option a) requires no specification impact as the existing trigger mechanism for collecting the sensing results is reused.

	Panasonic
	B
	We prefer separate triggering seeing the purpose is different: CBR is used to control the congestion but the trigger of mode 3 sensing results (or candidate resources) reporting is used for resource selection.

	Huawei
	a
	For simplicity, we think to reuse the trigger for CBR reporting is sufficient. This can also minimize standard change by avoiding introducing new triggers (which can usually cost plenty of time for discussion). 

We think it is reasonable for the trigger of sensing result reporting to depend on the CBR level of the shared pool. For example, if the CBR level in the shared resource pool is low for the time being, the sensing result may not need to be reported, because the resource collisions between Mode 3 and Mode 4 can be low and the Enb has sufficient resources to schedule. In addition, if we reuse the existing CBR trigger event, the trigger of the CBR reporting and sensing result reporting are not completely the same, as the sensing result reporting also need to depend on whether the Enb configures it to do so (see Q5 and Q6).

On the other hand, we don’t think Option c can actually work. As for a certain UE, the sensing results can usually change very frequently and obviously, because the topology of the nearby vehicle Ues can vary very fast due to high mobility and the reselection of the resources by nearby Ues can be very frequent as well. As a result, does it mean that the UE shall consistently report the sensing results as long as it is configured to do so? Also, we don’t see how to actually determine whether “the sensing result is changed”. How to ensure that the sensing results provided by the PHY at different time are derived for exactly the same resources, and then compare them with each other? 

	Interdigital
	c 
	We think both event-triggered and periodic reporting should be supported. We agree with OPPO that CBR-related trigger is not sufficient for the event triggered case, and the event could be based on a change in resource availability. If signaling overhead is a concern, the UE can trigger a report when a there is a change of availability of a configured number of resources.    

	Lenovo
	b)
	We would like to have periodic or event trigger to trigger mode 3 sensing results reporting. However, we think CBR event trigger is not so suitable for mode 3 sensing results since CBR trigger is CBR is higher or lower than a threshold which is used for congestion control but here we want to told Enb of available resource when scheduled.

	ITRI
	a
	This is simple solution and does not raise any new impact

	Samsung
	a)
	We prefer to use simple solution.

	Nokia
	c)
	We agree with OPPO. Sensing is not only about the CBR measurement. And it makes sense to notify the NW when the availability of configured resources to be measured has changed.

	Qualcomm
	C and d)
	We agree with OPPO that this is not related to CBR triggering and it is better not to be triggered frequently. While c) is a good way to reduce the overhead, assuming the UE only reports a very limited set of available resource and no new report needs to be triggered if those resrouce are still considered “good”. To further reducing overhead, we think the UE has no need to trigger report in the first place if a one-shot grant allocated by Enb is in a very “sweet” spot. In general, to avoid waste of Uu resource, mode 3 UE only needs to report if it has detected bad resource allocation. For example, for mode 3 SPS, for a certain SPS index, if the UE determined that the mode 3 grant is bad, it will report a couple of good candidates, tagged with this particular SPS index so that Enb can correct its allocation accordingly.

	Ericsson
	a)+c)
	The periodic reporting and event-triggered reporting can be used as for the CBR. However, for the event-triggered in rel-14, it is used the SL-BSR level (i.e. v1/2-threshold) which obviously cannot be reused here. So for event-triggered option c) can be used.

	Intel
	b)
	We think that both periodic and event triggered options would be needed. It should be clear that CBR reporting criteria should not be applicable as is (as they seek to serve different purposes, as several companies have pointed out). For the event triggered case, we have to consider new event as triggering condition for this purpose (i.e. not CBR). An example of this could be when the average S-RSSI (similar to CBR) only over the configured resources cross some threshold. This should explicitly serve as an indication of whether the configured resources are suitable for scheduling for mode 3 Ues. 

Moreover, we think c) would have some issues with UE sending reports too frequently if the availability configured resources fluctuates wildly, unless we have some hysteresis in place. 


Option a): 7

Option b): 3 (with no solution)

Option c): 5

Option d): 1

Rapporteur's Remark: A majority of the companies chose Option a (7) to reuse the trigger of CBR reporting also for sensing result reporting. Some other companies want to have some new triggers, other than those for CBR reporting, which are outlined as in Option c (5) and Option d (1). There are still companies (3) which do not like to reuse CBR reporting triggers but do not give specific solution on what triggers are in their mind. 

As a result, it may be needed to further discuss in Gothenburg whether to reuse the existing trigger of CBR reporting, or some new triggers for sensing result reporting can be introduced (which first depends on whether companies can converge on any new trigger). 
Proposal 4: FFS whether to reuse the existing trigger of CBR reporting (i.e. periodic and event-triggered) or introduce new triggers for sensing result reporting (depending on whether we can converge on any new trigger).
One key aspect for mode-3 sensing/report is which signaling should be used to carry the report. One possibility is to rely on the MeasurementReport message to do the reporting. However, in order for network to be aware of the traffic arrival pattern, one needs to rely on the periodicity / offset information of TrafficPatternInfo in UEAssistanceInformation anyway, so another alternative is directly to report sensing result together with TrafficPatternInfo within UEAssistanceInformation.

· For MeasurementReport, one of the reasons is that the sensing results are more like some sort of measurement, so it seems straightforward to use the MeasurementReport message to carry them. Another reason could be to reuse the CBR report V1/V2 triggering, which aims at the reduction of standard impact. If the CBR report trigger is not intended to be used, then the benefit could be that it provides a chance for network to configure some input factors for sensing procedure based on the received UEAssistanceInformation.  

· For UEAssistanceInformation, if most of input factors are to be derived by UE autonomously, and if one does not want to reuse the CBR report V1/V2 triggering, report in UEAssistanceInformation helps to save the further latency from measurement/report configuration to trigger MeasurementReport. And the current specification for UEAssistanceInformation triggering can be reused to enable option c) of Q4.
	1>
if configured to provide SPS assistance information:

2>
if the UE did not transmit a UEAssistanceInformation message with sps-AssistanceInformation since it was configured to provide SPS assistance information; or

2>
if the current SPS assistance information is different from the one indicated in the last transmissionof the UEAssistanceInformation message:

3>
initiate transmission of the UEAssistanceInformation message in accordance with 5.6.10.3;


· Question 4a: For mode-3 sensing, do companies agree to use UEAssistanceInformation, instead of MeasurementReport, to carry the sensing result report?
a) No;
b) Yes;

c) Others (if this option is selected, please clarify what is the message to be used);

	Companies are invited to provide views below for Question 4a

	Companies
	Preferred options
	Comments if any

	OPPO
	B
	As replied to Q4, we do not think V1/V2 is reasonable to be reused for sensing report triggering, and we are fine to let UE to derive the input factor for sensing procedure, then UEAssistanceInformation should be used.

	Qualcomm
	B
	Yes, using UEAssistanceInfomation is the right way. And the triggers of this signaling shall be specified separately for the purposing of assist eNB to allocate proper grants, and that ought not to be entangled with CBR-based measurement report triggers.

	Huawei
	a
	The sensing result is more like a sort of measurement report, so to use MeasurementReport seems to be straightforward way. 

As for UEAssistenceInformation, the sensing results (or resource availability) are not only related to the UE’s own traffic, but (much more) related to the resource reserved by neighbor UEs. So we are not sure how to use the yellow highlighted condition in above box to decide the change of resource availability and enable Option c of Q4.

	Ericsson
	a)
	The UE has to report the sensing results which is a sort of measurement operation performed over the sidelink channel. Therefore, we believe that reusing the measurement report framework is much more natural.

	Nokia
	a)
	Although we do not have a strong preference. The criteria for triggering the report are more significant in our opinion. Measurement Report, as argued by Ericsson and Huawei, appears to be a natural choice for reporting the measured sensing results. However, we still doubt the full reuse of periodic and V1/V2 reporting makes sense in this case, especially reporting when the CBR becomes lower than the threshold. We still think that for example there should be no reporting when previously available resources are still available. Thus, no firm support for a).  

	Fraunhofer HHI
	a)
	The reuse of the measurement report seems to be the obvious choice. 

	Interdigital
	b)
	We think that using UEAssistenceInformation has some benefits over MeasurementReport since the network may provide additional information related to the sensing report.

	Intel
	B
	As Oppo pointed out, supporting option (a) implies that the CBR reporting criteria (V1/V2 based) would be utilized for the purpose of sensing and reporting of specific resources, which are two fundamentally different things. So, we prefer option (b).

	Samsung
	A
	A measurement result of mode-3 sensing does not have to be combined with UEAssistanceInformation even a new trigger is introduced.

	ZTE
	A
	Agree with Huawei, sensing and reporting is more like a way of measurement. Thus, it is reasonable to report this information within measurement report.

	CATT
	a
	In CBR report, we use measurement report message to report CBR measurement report. Since the function of sensing is very similar to CBR, so we can re-use measurement report message. 

	Lenovo
	a
	Using measurement report message does not means to reuse event trigger V1 and V2 in our opinion. Report sensing results in measurement report is a natural way since sensing results could be seen as one kind of measurement results

	ITRI
	a)
	To reuse the CBR report is very natural and it contains all the necessary information in the measurement report. 

	Panasonic
	B
	No strong preference but agree with OPPO, Intel above.


Option a): 5

Option b): 9
Option c): 0 (with no solution)

Rapporteur's remark: A majority of companies selected Option a, and supported to use MeasurmentReport message to carry the sensing result report. Also, as pointed out by some companies, to use MeasurementReport message does not necessarily mean to reuse existing triggers for CBR reporting. What the specific trigger should be still need to be further discussed in Gothenburg as shown in Proposal 4. 

Proposal 4a: Use MeasurmentReport message to carry sensing result report.

Sensing should be always performed by Mode 4 Ues for its resource (re)selection. However, it seems that for a Mode 3 UE sensing needs to be carried out only when the UE is configured with sensing and reporting by the Enb. So the next question is to discuss when the Mode 3 UE can perform sensing, after Mode 3 sensing and reporting is introduced into the specification. 

· Question 5: When is a Mode 3 UE allowed to perform sensing?
a) Only when the UE is configured with sensing and reporting and when UE is capable of sensing.
b) Always, same as Mode 4 Ues. 

c) Others. Please clarify other solutions, if this option is chosen.

	Companies are invited to provide views below for Question 5

	Companies
	Preferred options
	Comments if any

	ZTE
	A
	We think there should be an additional question to clarify how to configure a mode 3 UE to perform sensing.

	OPPO
	A with comment
	Obviously, when a mode-3 UE is not configured with, there is no need for sensing, which is important for energy-efficiency of mode-3 P-UE who is capable of full/partial sensing.

	CATT
	a
	

	Fraunhofer HHI
	a)
	Option a) enables the Enb to manage how many Ues can perform the sensing. Thus the overhead of the reporting can also be controlled by the Enb depending on how many Ues perform the sensing.

	Panasonic
	A
	Mode 3 operation is controlled by Enb in general

	Huawei
	a
	This seems obvious. 

	Interdigital
	a
	Mode 3 sensing is necessary when it is configured by the network. Otherwise, sensing should be disabled to save UE’s energy and computation.

	Lenovo
	a)
	In mode 3 UE is controlled by Enb, so the sensing and reporting is better also controlled by Enb

	ITRI
	a
	UE should be configured with sensing and reporting.`

	Samsung
	a)
	

	Nokia
	a)
	Mode 3 UE should be instructed by the Enb to perform sensing.

	Qualcomm
	a)
	Agree with a), But a P-UE may not be able to do sensing, Also, UE capability constraints may prevent V2X UE to do TX and RX in the same band in certain band combinations. So, the option a) shall only applicable to mode 3 Ues which are capable of sensing. 

	Ericsson
	a)
	

	Intel
	a)
	


Option a): 14

Option b): 0

Option c): 0

Rapporteur's Remark: Option a received the support of all the companies participating in the discussion, and should be the way to go for this question.
Proposal 5: A Mode 3 UE is allowed to perform sensing, only if the UE is configured with sensing and reporting by the eNB and is capable of sensing.

· Question 6: How to configure a Mode 3 UE to perform sensing ? (Please clarify different alternatives for this question)
a) Indicate whether UE needs to do sensing by dedicated RRC signaling.

b) Activate/release of sensing by DCI.

	Companies are invited to provide views below for Question 6

	Companies
	Preferred options
	Comments if any

	ZTE
	A
	

	Interdigital
	a
	

	Lenovo
	A)
	

	Samsung
	A)
	

	Nokia
	A)
	

	Qualcomm
	
	When UE is configured by Enb for reporting, then UE has to perform sensing. If UE does not report, why it needs to perform sensing? Maybe the question is really asking “How to configure a Mode 3 UE to perform sensing report”? or maybe I misunderstood the purpose of this question.

	Ericsson
	a)
	

	Intel
	a)
	

	Huawei
	a
	

	CATT
	a
	


Option a): 9

Option b): 0

Rapporteur's Remark: A clear majority of companies chose Option a, thus preferring using RRC signalling to configure whether the Mode 3 UE is allowed to do sensing and reporting.
Proposal 6: RRC dedicated signalling configures whether the Mode 3 UE is allowed for sensing and reporting.
3 Conclusion
In this contribution, open issues for Mode 3 sensing and reporting were discussed. Proposals are made based on companies' inputs and comments, and they are placed as follows:
Proposal 1: No need for eNB configuration to restrict the specific subframes whose sensing results can be reported. No need for eNB configuration to restrict the number of the available resources that can be reported. 

Proposal 2: The UE can report sensing results of available subframes and subchannels within [n+T1, n+T2].
Proposal 3: For each subframe whose sensing result is reported (i.e. within [n+T1, n+T2] as in Proposal 2), use a bitmap to indicate the availability of each subchannel (as frequency indication). 

Proposal 3a: The UE indicates the absolute value of n+T1(or n+T2) as the reference point and an offset for each subframe reported with respect to that reference point. FFS whether to choose n+T1 or n+T2 as the reference point.

Proposal 4: FFS whether to reuse the existing trigger of CBR reporting (i.e. periodic and event-triggered) or introduce new triggers for sensing result reporting (depending on whether we can converge on any new trigger).
Proposal 4a: Use MeasurmentReport message to carry sensing result report.

Proposal 5: A Mode 3 UE is allowed to perform sensing, only if the UE is configured with sensing and reporting by the eNB and is capable of sensing.
Proposal 6: RRC dedicated signalling configures whether the Mode 3 UE is allowed for sensing and reporting.
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Figure 1 An example for Option a), Question 1
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Figure 2 An example for Option b), Question 1
� For the convenience of description, we use a general term "configured subframes" in the following texts. However, this term includes both the "a portion of subframes" and "all subframes" cases, but does not necessarily imply Option a) in Quesiton 1. 
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