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1 Introduction

In RAN2#102, it was agreed that
Agreements

1: 
Sensing and reporting on the resources for mode 3 is needed. FFS on the detailed solution.
In this contribution, we discuss the detailed procedure of mode-3 sensing reporting.
2 Discussion
2.1 Mode-4 sensing 
According to TS 36.213, for legacy sensing procedure in mode-4, the input and output factors defined at PHY layer are listed as follows:

· Input factors for legacy sensing: subchannel number, time point, T2, periodicity, and C_resel. 
· Besides, the frequency where the sensing operation is required is implicitly included as well;

· Output factor for legacy sensing: 20% resource of S_B within [T1, T2] window.

When requested by higher layers in subframe n, the UE shall determine the set of resources to be reported to higher layers for PSSCH transmission according to the following steps. Parameters 
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 the number of sub-channels to be used for the PSSCH transmission in a subframe,  the resource reservation interval, and 
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 the priority to be transmitted in the associated SCI format 1 by the UE are all provided by higher layers. 
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 is determined according to Subclause 14.1.1.4B.
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UE selection of 
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 shall fulfil the latency requirement. The total number of the candidate single-subframe resources is denoted by
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The UE moves the candidate single-subframe resource 
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 with the smallest metric 
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 from the set 
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. This step is repeated until the number of candidate single-subframe resources in the set 
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 becomes greater than or equal to 
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The UE shall report set 
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 to higher layers.
In order to minimize the impact to PHY layer sensing procedure, i.e., to mostly reuse the existing sensing procedure defined for mode-4, the new mode-3 based sensing and report procedure needs to provide / expect similar input / output factors from / to the sensing procedure at PHY layer.

Observation 1 Legacy mode-4 based sensing procedure requires the following factors as input: Subchannel number, Frequency, Time point, Periodicity, T1/T2 and reselection timer.

2.2 Mode-3 sensing and reporting
In order for down-selection of schemes for mode-3 sensing and reporting, the following candidates are considered in the following sub-sections:

A. Mode-3 sensing and reporting via legacy measurement configuration / report framework [1]

 REF _Ref519523795 \r \h 
[2]: in this scheme, the SidelinkUEInformation (SUI), UEAssistanceInformation (UAI) and BSR report are served as input for network to further decide on the measurement configuration, and legacy MR message is used to carry the sensing result reporting. We refer to the CR [4] for the detailed solution.
B. Mode-3 sensing and reporting via legacy UEAssistanceInformation configuration / report framework: in this scheme, the sensing result is seen as a part of “assistance information”, and reported to network together with the traffic pattern information within UAI. We refer the CR [4] for the detailed solution.
2.2.1 Q1: How to configure the input factors for mode-3 sensing?
2.2.1.1 Frequency carrier / TX pool
In the CR of scheme-B [4], the frequency to perform sensing operation is configured in MO, i.e., in a traffic-agnostic way. However, if the UE has no traffic applicable to the configured frequency, there is no way for the UE itself to derive the input factors required for sensing operation (e.g., subchannel number, time point, T2, periodicity, and C_resel), so that it is impossible for the UE to perform sensing operation on that carrier.

Observation 2 The traffic-agnostic sensing carrier configuration may cause the problem of no input factors available for sensing, when the UE has no traffic applicable to the carrier.
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Figure 1 how for mode-3 UE to derive the carrier to perform sensing report

Therefore, the carrier to perform sensing has to be decided in a traffic-aware manner, jointly by network indicating the pools where the sensing is needed (e.g., shared pool with mode-4), and by UE deciding which frequency carrier is needed for the on-going traffic, as shown by Figure 1.

· If it is to be decided by network, it has to be based on UAI, and thus as long as UAI changes, the measurement / report configuration has to be changed as well accordingly.
· Or if it is to be decided by UE, it can be associated with TrafficPatternInfo within UAI.
Proposal 1 The frequency carrier / TX pool to perform sensing / report is limited to applicable frequency of on-going traffic from UE. 

2.2.1.2 Subchannel number

In the CR of scheme-B [4], there is no configuration of the subchannel number, and there is no report to network either, so that it implies that the UE itself decides the parameter, but it is not known by the network.

Observation 3 The current CR implies that the UE itself decides the subchannel number, but it is not reported to and thus not known by the network.
Therefore, at least the network has to be aware of the subchannel, either via network configuration to control the parameter, or via UE report to network. If it is to be decided by UE, it can be based on the MCS configuration and the transport block size (to be reported as messageSize in UAI) to derive it.

Proposal 2 RAN2 decide whether PHY layer decides the sensing subchannel number 1) by network configuration; or 2) by UE, and thus has to be reported to network for awareness.

2.2.1.3 n, T1 and T2
In the CR of scheme-A [4], the n/T1/T2 of the sensing result is reported to network, in an absolute way by indicating the value of n within the 10240 window, i.e., 14 bit. 

However, that is not necessary, since if one relies on the UE to derive the sensing parameters (instead of network configuration), the UE can anyway refer to the UAI, where the value of n is already included.

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))
}

Observation 4 The value of n has already reported in TrafficPatternInfo.

So by referring to the TrafficPatternInfo, using 3-bit (for the maximum 8 patterns), one can save 11 bits for the reporting of n/T1/T2.

Proposal 3 UE reports sensing result by referring to TrafficPatternInfo in UAI instead of reporting absolute value of n with in 10240 window.

2.2.1.4 P_rxvpTX and C_resel

Sensing result is not only about the resource availability of resource candidate within the [T1, T2] window, but also about the resource availability of resource candidates after repeated in the periodicity of P_rxvpTX by C_resel times. Without alignment of value of P_rxvpTX and C_resel, the UE cannot perform sensing operation and the network cannot decide how to configure SPS scheduling parameter, i.e., periodicity and when to release the SPS configuration.

Observation 5 Sensing result is not only about the resource availability of resource candidate within the [T1, T2] window, but also about the resource availability of resource candidates after repetition in the periodicity of P_rxvpTX by C_resel times. 

Observation 6 Being unaware of the value of P_rxvpTX and C_resel, the network cannot decide how to configure SPS scheduling parameter, i.e., periodicity and when to release the SPS configuration.

In the CR of scheme-B [4], there is no configuration of the periodicity, and there is no report to network either, so that there is no alignment between the UE and the network on the value of P_rxvpTX and C_resel. 

Observation 7 The current CR implies that the UE itself decides the P_rxvpTX and C_resel, but it is not reported to and thus not awared by the network.
Proposal 4 RAN2 decide whether PHY layer decides P_rxvpTX 1) by network configuration; or 2) by UE, and thus has to be reported to network for awareness.

Proposal 5 RAN2 decide whether PHY layer decides C_resel 1) by network configuration; or 2) by UE, and thus has to be reported to network for awareness.

2.2.2 Q2: How to trigger the reporting
For the question of how to trigger the report, the two schemes are compared in two aspects: 

· One is when the very first reporting can be done;

· The other is what triggers can be used for the sub-sequent reporting after the very first one;
Table 2 Report triggers of different schemes
	
	Mode-4 sensing
	Via MR
	Via UAI

	When the very first reporting can be done?
	As soon as the sensing is done, PHY reports it to MAC layer.
	The report has to wait for the measurement / report configuration, and the configuration has to wait for UAI to know the TrafficPatternInfo.
	The report can be done within UAI already, and it just needs to wait for OtherConfig in RRCConnection-Reconfiguration

	What trigger(s) can be used for the subsequent reporting?
	As soon as the sensing is done, PHY reports it to MAC layer.
	Legacy framework includes periodical triggering and event based triggering, e.g., V1/V2 event.
	Legacy framework includes first transmission triggering and content-change triggering


2.2.2.1 How to trigger the very first report?

For the first reporting, scheme-B is better than scheme-A since the step of measurement / report configuration after UAI can be saved, and the sensing report can be done together with UAI already, as soon as the RRC reconfiguration is done.
2>
if the UE did not transmit a UEAssistanceInformation message with sps-AssistanceInformation since it was configured to provide SPS assistance information; or

Observation 8 In UAI-based scheme, the very first report can be done quicker than MR-based scheme.

2.2.2.2 How to trigger the subsequent reports?

Re-screen the existing triggering conditions, 

· (Scheme-A) Periodical triggering: the main issue of this triggering is the signalling overhead, i.e., in order for network to get timely sensing result, the reporting periodicity may be configured in a conservative way, i.e., the reporting may be sometimes triggered unnecessarily, and that would cause overhead increase.

Observation 9 Periodical reporting would increase the signalling overhead unnecessarily.

· (Scheme-A) Event V1/2 triggering: the logic of this triggering seems that when CBR becomes high, it is probably the previous sensed resource becomes unavailable, and thus further sensing / reporting is needed. However, there is no directly relationship between the CBR-change and sensing-result-validity. 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.

Observation 10 Event V1/V2 cannot reflect the sensing result validity directly.

· (Scheme-B) content-change triggering: sensing / reporting is can be done when the UE finds that the sensing result changes, i.e., the previously reported ‘available’ resource becomes ‘unavailable’ and thus the report content is to be changed.

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

Observation 11 The content-change type triggering for UAI can be mostly reused.
Proposal 6 RAN2 aims at triggering the subsequent mode-3 reporting only when the previously reported resource becomes unavailable.
2.2.3 Q3: What is to be reported
If one report full S_B to network, the resulted signalling overhead could be calculated as follows:
· Time domain: from 7 (T1=4, T2=10) to 100 (T1=1, T2=100) sub frames;
· Frequency domain: from 1 to 20 subchannels (numSubchannel-r14: ENUMERATED {n1, n3, n5, n8, n10, n15, n20, spare1});
· Number of simultaneous services (SPS pattern): 8 services

· The applicable frequency carrier of each traffic: 3 carriers

If a bit-map scheme is used, i.e., use 0/1 to represent the validity of each resource

=> 100 subframe * 20 subchannels * 8 SPS pattern * 3 carriers = 6000 Byte 
In this case, even if full bandwidth is used (i.e., 100 PRB), one need MCS level higher than 10 to do the 6000-byte reporting. 

On the contrary, one way to further reduce the signalling overhead is to use the index-based solution instead of the bit-map solution, i.e., one can use an 11-bit index to uniquely represent each resource (11=log2(2000)), so the resulted signalling overhead can be tuned in a flexible way. And the 11-bit can be further reduced if the T2 / subchannel-number can be further reduced.
Table 4 Resulted signalling overhead w.r.t. number of reported resource (in bytes)
	Number of reported resource
	Resulted message size (100 subframe, 20 subchannels)
	Resulted message size (100 subframe, 5 subchannels)
	Resulted message size (20 subframe, 5 subchannels)
	Resulted message size (10 subframe, 5 subchannels)

	Using bitmap
	6000 Byte
	1500
	300
	150

	Using index
	20%
	13200 Byte
	2700
	420
	180

	
	10%
	6600 Byte
	1350
	210
	90

	
	5%
	3300 Byte
	675
	105
	45

	
	1%
	660 Byte
	135
	21
	9

	
	0.5%
	330 Byte
	68
	11
	5


E.g., in case of 330 Byte, 15 PRB is enough if the reporting UE can use MCS level 10. And generally, roughly at least a half of available resources can be reported using index considering similar payload as using bitmap. Furthermore, the index-based mechanism has the possibility to further reduce the signalling overhead.
Observation 12 Bit-map based reporting is not scalable to large value of T2 / subchannel number.

Proposal 7 Besides bit-map based solution, use index-based reporting to adapt with larger value of T2 / subchannel number.
2.2.4 Comparison between MR-based and UAI-based report

For Q1, based on the current shape of CR [4] which is based on MR, it leaves most parameter to UE itself to decide, e.g., subchannel number, P_rxvpTX and C_resel, yet not reported to network, and thus it would cause misalignment between UE and network.
Even if one add these parameters into the report, one can ask why not directly put it into UAI, to refer to the value of n and P_rxvpTX, instead of report them once more wasting more bits.

Observation 13 Based on the current CR, some input factors seem to be decided by UE but not reported to network. Even if one adds back those parameters into the report, it would anyway cause extra bits for reporting n and P_rxvpTX, compared to carrying the sensing result in UAI directly.

For Q2, if use MR-based solution, one is hard to model the content-change triggering – the legacy report events are all threshold based, i.e., entering and leaving condition can be defined based on the threshold, it is very unclear how to mode the entering and leaving condition for the content-change triggering. On the contrary, it is easier to reuse the trigger for UAI, even if one wants to add some text to further clarify. And periodical triggering can be done in UAI by prohibit timer (e.g., delayBudgetReportingProhibitTimer).
Observation 14 It is hard for MR-based solution to take content-change triggering into account, while it is easy for UAI-based solution. But UAI-based solution can take both periodical and content-change based triggering into account.

Proposal 8 Use UAI to carry the mode-3 sensing report.
The draft CR is proposed in [5].
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Legacy mode-4 based sensing procedure requires the following factors as input: Subchannel number, Frequency, Time point, Periodicity, T1/T2 and reselection timer.
Observation 2
The traffic-agnostic sensing carrier configuration may cause the problem of no input factors available for sensing, when the UE has no traffic applicable to the carrier.
Observation 3
The current CR implies that the UE itself decides the subchannel number, but it is not reported to and thus not known by the network.
Observation 4
The value of n has already reported in TrafficPatternInfo.
Observation 5
Sensing result is not only about the resource availability of resource candidate within the [T1, T2] window, but also about the resource availability of resource candidates after repetition in the periodicity of P_rxvpTX by C_resel times.
Observation 6
Being unaware of the value of P_rxvpTX and C_resel, the network cannot decide how to configure SPS scheduling parameter, i.e., periodicity and when to release the SPS configuration.
Observation 7
The current CR implies that the UE itself decides the P_rxvpTX and C_resel, but it is not reported to and thus not awared by the network.
Observation 8
In UAI-based scheme, the very first report can be done quicker than MR-based scheme.
Observation 9
Periodical reporting would increase the signalling overhead unnecessarily.
Observation 10
Event V1/V2 cannot reflect the sensing result validity directly.
Observation 11
The content-change type triggering for UAI can be mostly reused.
Observation 12
Bit-map based reporting is not scalable to large value of T2 / subchannel number.
Observation 13
Based on the current CR, some report is missing. Even if one adds back those parameters into the report, it would anyway cause extra bits for reporting n and P_rxvpTX, compared to carrying the sensing result in UAI directly.
Observation 14
It is hard for MR-based solution to take content-change triggering into account, while it is easy for UAI-based solution. But UAI-based solution can take both periodical and content-change based triggering into account.


Based on the observations, we propose:
Proposal 1
The frequency carrier / TX pool to perform sensing / report is limited to applicable frequency of on-going traffic from UE.
Proposal 2
RAN2 decide whether PHY layer decides the sensing subchannel number 1) by network configuration; or 2) by UE, and thus has to be reported to network for awareness.
Proposal 3
UE reports sensing result by referring to TrafficPatternInfo in UAI instead of reporting absolute value of n with in 10240 window.
Proposal 4
RAN2 decide whether PHY layer decides P_rxvpTX 1) by network configuration; or 2) by UE, and thus has to be reported to network for awareness.
Proposal 5
RAN2 decide whether PHY layer decides C_resel 1) by network configuration; or 2) by UE, and thus has to be reported to network for awareness.
Proposal 6
RAN2 aims at triggering the subsequent mode-3 reporting only when the previously reported resource becomes unavailable.
Proposal 7
Besides bit-map based solution, use index-based reporting to adapt with larger value of T2 / subchannel number.
Proposal 8
Use UAI to carry the mode-3 sensing report.
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