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Introduction
During the SI phase of V2X, investigations on the power consumption of pedestrian UEs had been carried on, as though battery is not a problem for vehicle UEs, it is a key issue for pedestrian UEs. In RAN1 #85 [1], the following conclusion was made: It is concluded that V2P services where P-UE sends V2X messages but not receives V2X messages is substantially more power efficient than V2P services where P-UE receives V2X messages from V-UEs. The transmission of pedestrian UE is thus prioritized in the WI “LTE-based V2X Services” [2], which was agreed in the most recent 3GPP RAN #72 meeting. Further, it is captured in the WI that “random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs”.      
In the recent 3GPP RAN1#86 meeting, the V2V based sensing mechanism was agreed as the baseline for P-UE partial sensing-based resource selection. The relevant agreements [3] are shown below:
	Agreement:
· The specification supports the possibility for a P-UE to use partial sensing in a subset of subframes
· Details of P-UE partial sensing are FFS
· V2V sensing-based resource selection is the baseline; strive to define P-UE partial sensing-based resource selection to be as similar as possible to V2V sensing-based resource selection
· FFS whether support of partial sensing is mandatory for P-UEs with sidelink Rx capability
· FFS under what conditions a P-UE that supports partial sensing uses partial sensing
· If a P-UE uses partial sensing, 
· details of resource pool FFS


  
This contribution continues the discussions on study of power saving for pedestrian UEs about their sensing behaviours.

Discussion
The abovementioned agreements raised a question “whether support of partial sensing is mandatory for P-UEs with sidelink Rx capability”. In our understanding, the sensing or partial sensing behaviours especially for P-UEs should not only be the issue of UE capability; but also the issue of power consumption. If for the purpose of increasing energy efficiency of P-UEs, the partial sensing, instead of full sensing, can be supported, at the cost of some PRR gain loss, we couldn’t see the reason the pure random selection without sensing shouldn’t be supported, even it is at the cost of some PRR gain loss. 
Proposal 1: 
· In order to keep the UE flexibility w.r.t power saving, partial sensing should not be mandatory for P-UEs with sidelink Rx capability UEs. 

It is clear that in the area where there are very sparse distributions of V2X UEs, such as suburban or rural area, the full/partial sensing associated with each transmission won’t be helpful for collision avoidance; it is just waste of energy. In this case, the eNB can configure whether the P-UEs should perform sensing bahaviors, no matter whether the UE has sidelink Rx capability.        
Proposal 2: 
· Full/partial sensing bahaviors can be configured by eNB, regardless of UE sidelink Rx capability. 

The motivations of RAN1 full/partial sensing behavior design are to decrease resource selection collision probability, so as to improve PRR system performance. Regarding each single P-UE, unless they are all at the same priority level (at this moment RAN2 hasn’t decided the PPPP is decided by service type yet), their individual performance doesn’t have to be always guaranteed. 
Proposal 3: 
· Full/partial sensing bahaviors may not be RAN1 issue only; the upper layer can also configure them if RAN2 thinks it’s necessary, regardless of UE sidelink Rx capability. RAN1 may send LS to RAN2 to confirm this issue. 

Based on proposal 3, we also think some other factors, such as P-UE battery drain situation, may also decide whether power saving behaviors till no sensing based random selection should be used. Such information may not be accessed in physical layer, but upper layers may be able to configure physical layer accordingly.   
Proposal 4: 
· Other factors related to partial sensing bahaviors may not be precluded, so as to provide complete solutions for the question “when P-UE that supports partial sensing uses partial sensing”. 

On the other hand, it is agreed that “V2V sensing-based resource selection is the baseline; strive to define P-UE partial sensing-based resource selection to be as similar as possible to V2V sensing-based resource selection”. The working assumption of partial sensing window method is if there is no sensing activity, then the pedestrian UE treats it as all resources are occupied or reserved by other UEs, thus the pedestrian UE can’t transmit. Comparing with the vehicle UE in complete sensing window method (the sensing method defined for vehicle UEs in V2V service), the pedestrian UE loses some opportunities for transmission. This may come up with service delay issue, especially for non-delay-tolerant P2V service. Allowing sensing in limited time may not be sufficient to handle the problem; especially it may generate some other problems.    
Proposal 5: 
· Power saving for pedestrian UEs should not only be from allowing sensing in limited time only; the study should be open to other power saving methods. 

Another important fact for handling pedestrian UE battery issue is the performance gain of pedestrian UEs shouldn’t be obtained at the cost of obvious V2V performance degradation. In our understanding, that’s the reason the WI emphasizes the resources be to selected as “shared by vehicle UEs”, because if we want to segment the resource pool, from which one or more dedicated resource pools are formed and allocated to pedestrian UEs; it avoids any collision between vehicle UE and pedestrian UE resource selections, and thus obtains performance gain for pedestrian UE. However, as it limits the resource selection scope for vehicle UE, it degrades the performance of vehicle UE in system level.
Proposal 6: 
· The working assumption should be confirmed: the design of pedestrian UE power saving methods shouldn’t affect V2V service performance. 

As a reasonable compromise, we propose:
Proposal 7: 
· As one method of power saving for pedestrian UE, during SPS scheduling of UE autonomous resource selection, more pedestrian UE TBs should be allowed to be scheduled after each sensing, which can be indicated by one SA. 
    
The extreme case of above proposal 4 is after the initial sensing, the SA indicates that some frequency resources are always reused by pedestrian UE, which is similar to allocating dedicated resource pool to pedestrian UE. Nevertheless, the fundamental difference is the SPS scheduling has an extra release procedure, which can release the resources being used if necessarily, and the released resources can be used by other UEs, including vehicle UEs; while pedestrian UE dedicated resource pool can’t be used by vehicle UEs in any situation; further, when we talk about “more” TBs scheduled after each sensing, our comparison benchmark is current V2V configuration. As for how many TBs should be scheduled, such as relating to whether it affects resource reselection, it can be FFS.     
In the partial sensing window method, it was mentioned that the sensing related parameters should be UE specific, instead of cell specific, like in V2V, e.g., the sensing window size related parameters “a” and “b” are common values for all vehicle UEs. The advantage is it can randomize the sensing activities to avoid congestion. However, in our understanding, especially for UE autonomous resource selection, it’s better to have more cell specific parameters, which can be beneficial for vehicle UE resource selection; even it can’t successfully decode some pedestrian SA information during sensing. Of course, another advantage is more cell specific parameters can save a lot of RRC signalling costs.    
Proposal 8: 
· Similar as V2V service design, when designing power saving method for pedestrian UE sensing, common parameters instead of UE specific values should be considered more if required. 
   
Conclusion
Based on the discussions above, we propose the followings:
Proposals: 
· In order to keep the UE flexibility w.r.t power saving, partial sensing should not be mandatory for P-UEs with sidelink Rx capability UEs. 
· Full/partial sensing bahaviors can be configured by eNB, regardless of UE sidelink Rx capability. 
· Full/partial sensing bahaviors may not be RAN1 issue only; the upper layer can also configure them if RAN2 thinks it’s necessary, regardless of UE sidelink Rx capability. RAN1 may send LS to RAN2 to confirm this issue. 
· Other factors related to partial sensing bahaviors may not be precluded, so as to provide complete solutions for the question “when P-UE that supports partial sensing uses partial sensing”.
· Power saving for pedestrian UEs should not only be from allowing sensing in limited time only; the study should be open to other power saving methods. 
· The working assumption should be confirmed: the design of pedestrian UE power saving methods shouldn’t affect V2V service performance. 
· As one method of power saving for pedestrian UE, during SPS scheduling of UE autonomous resource selection, more pedestrian UE TBs should be allowed to be scheduled after each sensing, which can be indicated by one SA. 
· Similar as V2V service design, when designing power saving method for pedestrian UE sensing, common parameters instead of UE specific values should be considered more if required. 


References
1. Chairman’s Notes, RAN1 #85, Nanjing, China, May 23 - May 27, 2016.
1. RP-161298, “LTE based V2X Services”, Busan, South Korea, June 13 - 16, 2016.
1. Chairman’s Notes, RAN1 #86, Gothenburg, Sweden, August 22 – 26, 2016
