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1 Introduction

At the RAN1#87 meeting, the support of P2V communication was discussed. It was agreed that for P2V communication, the random and partial sensing based resource selection is supported. In this contribution, we discuss resource selection details for P2V communication based on partial sensing according to the following agreements made by RAN1 WG at the previous meeting:
	RAN1#87

· P-UE performing partial sensing or random selection does not transmit SLSS/PSBCH.
·  (Pre)configuration instructs whether a P-UE uses partial sensing only, random selection only, or either of the two (FFS whether the selection is made by UE implementation).

· When a P-UE is instructed to use partial sensing only, FFS whether there is any case where the P-UE uses random selection.

· Support of partial sensing is up to UE capability.
· P-UE does not support resource reservation interval shorter than 100 ms.
· When P-UE makes resource selection/reselection decision at TTI m, the possible candidates resources, i.e., Y subframes, are selected in [m+T1, m+T2]

· The minimum allowed value of Y is (pre)configured. Selection of Y subframes is up to P-UE implementation.

· For any candidate resource in subframe n within the set of Y subframes, the P-UE senses at least subframe n-100*k

· The set of k is (pre)configured with each element in the range [1, 10].

· P-UE sensing behavior is FFS when the short period is supported in the TX pool of the P-UE

· FFS when the P-UE starts sensing


Our views on other aspects of V2V/V2X communication are provided in companion contributions [1]-[8].
2 Partial Sensing Remaining Details
The partial sensing is a simplified sensing procedure for P-UE resource selection aiming to reduce P-UE complexity and power consumption. In this section, we discuss remaining details of P-UE partial sensing and resource selection procedure.
2.1 Partial Sensing and Resource (Re)-Selection

In general, the principles of V2V sensing and resource selection procedure can be reused in many sense for P-UE partial sensing. In particular, the following components can be reused with some modifications:

1) Resource (re)selection triggering mechanism;
2) Resource (re)selection procedure, including

a. Resource exclusion step;

b. Iterative formation of candidate resource set of remaining resources;

c. SL-RSSI averaging of remaining resources and resource ranking;
d. Randomized selection of resources from candidate resource set with minimum received energy.

3) Sensing window/procedure.
2.1.1 Resource Reselection Triggering

In our view resource reselection triggering mechanism can be fully reused, including resource reselection counter, probabilistic reselection, and reselection triggering conditions if UE skips transmission on preconfigured number of resource reservation cycles.

2.1.2 Resource Reselection Procedure
The resource reselection procedure needs to be modified. In particular, modifications should be considered in resource exclusion step and SL-RSSI averaging of non-excluded resources.

Resource Exclusion

Given that RAN1 agreed for any candidate resource in subframe y within the candidate set of Y subframes, the P-UE senses at least subframe y-100*k, where the set of k is (pre)configured with each element in the range [1, 10], the resource exclusion procedure should depend on the set of preconfigured values K = [k1, k2, …, kN], k1 < k2 < …< kN and detected resource reservations from other UEs.
Processing of partial sensing windows
In this case, the following design options are possible in terms of processing of partial sensing windows:

1) Processing of all transmissions across configured partial sensing windows (independent processing). In this case, the UE reselecting resource independently treats each partial sensing window allocated within 1 second sensing interval. Therefore, if multiple partial sensing windows are configured, UE independently processes each of them and detects all reservation periods and corresponding resources that are supposed to be excluded. Let’s consider example where K = [k1 = 2, k2 = 4].
a. For partial sensing window denoted by k1 = 2, UE processes SCI with all PRSVP_RX = 1/5, ½, 1, 2, 3, 4, …, 10.
b. For partial sensing window denoted by k2 = 4, UE processes SCI with all PRSVP_RX = 1/5, ½, 1, 2, 3, 4, …, 10.
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Figure 1. Independent processing of the partial sensing windows
2) Processing of the most actual transmissions across configured partial sensing windows (conditional processing). In this case, the reselecting UE performs conditional processing, starting from the most actual partial sensing window towards the most outdated one and for each partial sensing window UE determines the set of transmissions from other UEs with relevant resource reservation intervals. Let’s consider example where K = [k1 = 2, k2 = 4].
a. For partial sensing window denoted by k1 = 2, UE processes SCI with PRSVP_RX = 1/5, ½, 1, 2, 3, 4, …, 10
b. For partial sensing window denoted by k2 = 4, UE processes SCI with PRSVP_RX = 3, 4, …, 10, since transmissions with other values are already sensed in partial sensing window determined by k1 = 2.
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Figure 2. Conditional processing of the partial sensing windows

The drawback of the 1st approach (with independent sensing per each partial window) is that part of the sensed UEs potentially already reselected resources and reselecting UE will not take it into account thus degrading its sensing decisions. The 2nd approach is much more efficient from this perspective since it collects the most recent information from all transmissions and thus should be preferred from the sensing performance perspective. 

In general case, the hybrid approach can be considered that defines a table of resource reservation intervals that should be processed by UE at each of the partial sensing window defined by the set K = [k1, k2, …, kN], k1 < k2 < …< kN. This approach can simplify UE implementation and specification.
Extrapolation of transmissions from partial sensing window
For each of the partial sensing window processing approaches (conditional, independent or hybrid), UE is expected to extrapolate detected resource reservations from other UEs to determine whether those may potentially collide with its own resource (re)-selection decision. Therefore if UE detects SCI format in subframe 
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The defined here offset is introduced to exclude resources corresponding to reservations with different resource reservation intervals booked in partial sensing windows.
Proposal 1
· For each partial sensing window ‘k’, UE is configured with the set of resource reservation intervals ‘Prsvp_RX’ that should be taken into account in resource exclusion procedure.

Iterative Formation of Candidate Resource Set
The same iterative procedure can be used to find the candidate resource set that is at least 20% of total available resources for selection within UE selection window. The 3dB adjustment of priority dependent RSRP thresholds can be reused to form the candidate resource set of the predefined size.
SL-RSSI Averaging
The SL-RSSI averaging across non-excluded resources should be done across all configured partial sensing windows similar to the legacy sensing procedure. The ranking of resources according to the minimum received energy can be reused to form the set of resource for selection (20% of total available resource for selection).
Proposal 2
· In case of partial sensing SL-RSSI measurement is averaged across all partial sensing windows.

Randomized selection of resources from candidate resource set

The randomized resource selection from candidate resource set can be reused in case of partial sensing.
Proposal 3
· Resource reselection triggering mechanism based on resource reselection counter is reused for P2V communication.

· Resource reselection procedure needs to be slightly modified

· Resource exclusion step:

· Independent partial window processing is used

· For each partial sensing window there is a pre-configured set of resource reservation intervals to be taken into account for resource exclusion

· Iterative formation of candidates resource set of remaining resources;

·  No changes needed

· SL-RSSI averaging of remaining resources and resource ranking

· Average of SL-RSSI measurements on non-excluded resources across all configured partial sensing windows within one second duration is applied.

· Randomized selection of resources

· No changes needed

2.1.3 Sensing Window
In case of partial sensing, the duration of each partial sensing window can be reduced in order to reduce UE power consumption. In our view, the duration of partial sensing window of 10-20 subframes is sufficient for P2V communication. In general, duration of sensing window should be minimized as much as possible and can be (pre)-configured.
Proposal 4
· The partial sensing window duration is (pre)-configured by eNB.

· The maximum duration of partial sensing window is limited by X subframes (e.g. X = 20).
In general, the number of partial sensing windows that UE is supposed to monitor for resource reselection may depends on UE resource reservation interval. For instance, UE utilizing short transmission period may be forced to monitor more frequently, i.e. more partial sensing windows K = [k1, k2, k3, k4,…, kN], while UE transmitting infrequently may be requested to monitor one partial sensing window (i.e. it sets of partial sensing windows K = [k1, k2]).
Proposal 5
· The possible set of P-UE resource reservation intervals can be (pre)-configured by eNB.

· P-UE resource reservation interval determines the set of P-UE partial sensing windows configured by eNB.

2.1.4 Resource Selection Window

The duration of partial sensing window should be aligned with the duration of resource (re)-selection window. The start time of resource (re)-selection and partial sensing windows can be left up to UE implementation.

Proposal 6
· The start time of resource (re)-selection window and corresponding partial sensing windows is left up to UE implementation (subject to latency budget constraint).

One of the open question is UE behavior when partial sensing results are not available, e.g. when new packet arrives and its transmission is supposed to be done outside of the current resource selection window or in partially overlapped window.
There may be two cases:

1) New resource (re)-selection window partially overlaps with the current selection window.
a. In this case, if there is a valid candidate resource for selection, UE may (re)-select it and trigger partial sensing and resource reselection procedure corresponding to new/updated resource selection window, if current resource does not fit. If there is no available candidate resource UE may be allowed to transmit randomly until the new partial sensing data are available (the partial sensing procedure may be triggered so that UE reselects resource already for the next TB transmission or after reselection period).
2) New resource (re)-selection window does not overlap with the current selection window.
a. Previous partial sensing results are valid or partially valid (e.g. collected within T time interval back, T = 1 second). In this case, UE may use valid partial sensing results for temporary resource selection. The temporary resource selection can be done by re-interpreting the set of configured partial sensing windows (K = [k1, k2, k3,…, kN]) to the new set (K’ = [k1’, k2’,…, kM’]) according to the available partial sensing windows within T time from temporary resource reselection instance ‘n’. In this case, UE may either use this temporary resource till the next resource reselection or reselect temporary resource when new partial sensing results corresponding to new resource (re)selection window are available. At the same time, UE may trigger new partial sensing process that is aligned with the updated resource selection window and use the configured set K for partial sensing windows.
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Figure 3. Resource Selection with reinterpretation of partial sensing windows configurations
b. Previous partial sensing results are outdated (e.g. outside of T time interval back, T = 1 second). In this case, UE may either select resource randomly and reselect it when partial sensing results become available or drop transmissions until the partial sensing results are available and reselect resource.
Proposal 7
· In case of resource reselection triggering at P-UE,
· If previous partial sensing results are valid or partially valid, P-UE selects temporary resource for transmission in new resource (re)-selection window by re-interpreting the set of partial windows. P-UE reselects temporary resource once new partial sensing data is available.
· If previous partial sensing results are outdated, P-UE randomly selects resource for transmission in new resource selection window, and (re)-selects resource based on partial sensing once partial sensing data is available for new resource reselection window.
2.1.5 P-UE Partial Sensing Behaviour and Resource Selection Period

P-UE is supposed to reselect resources every resource reselection period after transmission of selected number of TBs according to randomly selected resource reselection counter. There could be two UE behaviours
· Option 1. P-UE skips partial sensing between resource reselections and wakes up to perform partial sensing before next resource reselection cycle.

· Option 2. P-UE performs partial sensing between resource reselection intervals, following resource selection window and selected resource reservation interval.

In our view Option 1 can provide more power saving benefits and thus should be used for partial sensing by P-UE.
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Figure 4. Power efficient partial sensing before the next resource reselection trigger

Proposal 8
· P-UE is allowed to skip partial sensing between consecutive resource reselections and wake up to perform partial sensing according to configuration of partial sensing windows before the next resource reselection.
2.2 Handling of Short Transmission Periods
At the previous RAN1 WG, it was agreed that for any candidate resource in subframe y within the set of Y subframes, the P-UE senses at least subframe n-100*ki, where the set of K is (pre)configured with each element ki in the range [1, 10]. In case when short transmission periods such as 20 and 50ms are enabled in shared resource pools, the P-UE is likely to miss the actual information on 20ms and 50ms transmissions due to fast (re)selection. There are several options how to take into account the 20 and 50 ms transmission periods in case of partial sensing resource (re)-selection procedure:

· Option 1. Restriction on partial sensing window. In this case, eNB should always enable k1 = 1 in configuration of partial sensing windows, so that UE can gather the most recent information on short period transmissions.
· Option 2. Scaling of resource reselection counter. In this case, resource reselection counter for 20 and 50 ms transmission period can be scaled to increase resource reselection time and make it similar to the one for 100ms transmission period. [4]
· Option 3. Proper resource exclusion. Pre-configuration of resource reservation intervals to be taken into account resource exclusion for each partial sensing window configured by the set K = [k1, k2, k3, …, kN].
· Option 4. Complimentary partial sensing window. In this case, for any candidate resource in subframe y within the set of Y subframes, P-UE senses at least subframe n-100*ki, where the set of K is (pre)configured with each element ki in the range [1/5, ½, 1, 10].
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Figure 5. Example configuration of small period SCI detection resources
Proposal 9
· Scale resource reselection counter for short transmission periods (20 and 50 ms) to enable its proper handling by P-UEs performing partial sensing.
· Extend set of possible partial sensing window configurations K by additional ki elements [1/5, ½] on top of existing range [1, 10].
3 Conclusions

In this contribution, we provided our views on the remaining details of pedestrian UE  resource selection procedure for P2V communication. According to our analysis, the following enhancements can be considered:
Proposal 10
· For each partial sensing window ‘k’, UE is configured with the set of resource reservation intervals ‘Prsvp_RX’ that should be taken into account in resource exclusion procedure.

Proposal 11
· In case of partial sensing SL-RSSI measurement is averaged across all partial sensing windows.
Proposal 12
· Resource reselection triggering mechanism based on resource reselection counter is reused for P2V communication.

· Resource reselection procedure needs to be slightly modified

· Resource exclusion step:

· Independent partial window processing is used

· For each partial sensing window there is a pre-configured set of resource reservation intervals to be taken into account for resource exclusion

· Iterative formation of candidates resource set of remaining resources;

·  No changes needed

· SL-RSSI averaging of remaining resources and resource ranking

· Average of SL-RSSI measurements on non-excluded resources across all configured partial sensing windows within one second duration is applied.

· Randomized selection of resources

· No changes needed
Proposal 13
· The partial sensing window duration is (pre)-configured by eNB.

· The maximum duration of partial sensing window is limited by X subframes (e.g. X = 20).

Proposal 14
· The possible set of P-UE resource reservation intervals can be (pre)-configured by eNB.

· P-UE resource reservation interval determines the set of P-UE partial sensing windows configured by eNB.

Proposal 15
· The start time of resource (re)-selection window and corresponding partial sensing windows is left up to UE implementation (subject to latency budget constraint).

Proposal 16
· In case of resource reselection triggering at P-UE,

· If previous partial sensing results are valid or partially valid, P-UE selects temporary resource for transmission in new resource (re)-selection window by re-interpreting the set of partial windows. P-UE reselects temporary resource once new partial sensing data is available.

· If previous partial sensing results are outdated, P-UE randomly selects resource for transmission in new resource selection window, and (re)-selects resource based on partial sensing once partial sensing data is available for new resource reselection window.

Proposal 17
· P-UE is allowed to skip partial sensing between consecutive resource reselections and wake up to perform partial sensing according to configuration of partial sensing windows before the next resource reselection.
Proposal 18
· Scale resource reselection counter for short transmission periods (20 and 50 ms) to enable its proper handling by P-UEs performing partial sensing.

· Extend set of possible partial sensing window configurations K by additional ki elements [1/5, ½] on top of existing range [1, 10].
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