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1 Introduction
An email discussion on radio resource pool sharing was triggered after RAN2 #100 [1]. The scenarios of pool sharing to be supported, resource pool configuration and resource allocation were initially discussed.
However, there are some issues which are still divergent and thus cannot be concluded by the email discussion. This contribution will give further analysis on this topic and provide detailed solutions to enable pool sharing.
Compared with the earlier version, this revision is updated to settle the divergent issues left over from the email discussion and adds the discussion on the triggers for pool sharing. 
2 Discussion
One of the key focus for resource pool sharing is how to address the potential transmission collisions between mode-3 UEs and mode-4 UEs in the shared resources, because this will do obvious harm for the transmission performance of mode-3 UEs. From a standard perspective, this new feature specified in Rel-15 should not lead to obvious impact to the key advantage of the scheduled resource allocation of mode-3 (i.e. the guarantee of high performance of reliability). Thus a trade-off between maximize the resource utilization for mode-4 UEs and minimize the performance degradation of mode-3 UEs shall be taken into account as the key issue to design pool sharing mechanism. 
Observation 1: The pool sharing feature should not lead to obvious degradation of the transmission performance of mode-3 UEs. The trade-off between maximizing resource availability for mode-4 UEs and minimizing the performance degradation for mode-3 UEs is the key issue to be taken into account.

In order to achieve the purpose, the following two aspects can be considered for the scheme design:
· Aspect 1: configure properly the resources shared between mode-3 UEs and mode-4 UEs.

· Aspect 2: specify proper condition(s) that allow the UEs to use shared resources for transmission (especially for mode-4 UEs).
Below, we shall discuss these two aspects and provide corresponding solutions, with also the consideration of the remaining issues left over from the email discussion [1].
2.1 How to configure shared resources properly (Aspect 1)

For Aspect 1, from a system perspective, we do not think a full resource sharing manner between the two modes (i.e. mode-3 and mode-4 pools completely overlapped) is desirable, since there is no dedicated resource left for mode-3 UEs without any collision, so that their performances cannot be guaranteed. Thus, a partial pool sharing mechanism should be regarded as the main target scenario, i.e. only a portion of the total resources configured for mode-3 and for mode-4 can be shared, and some dedicated resources remain available for mode-3 UEs.  
Observation 2: The partial pool sharing between mode-3 UEs and mode-4 UEs should be supported, and a portion of dedicated resources still need to be kept by the network only for mode-3 scheduling.
From the scheduled resource allocation perspective, since the resource assignment is controlled by the network, it is enough to only enable the network to be aware of the partition of dedicated mode-3 resources and shared resources. Thus, only one pool, which consists of two kinds of resources (as shown in Figure 1), needs to be configured per mode-3 UE. For each time of scheduling, whether to allocate a resource in the dedicated resources or in the shared resources is up to eNB implementation.
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Figure 1: an illustration of sharing pool configurations
Proposal 1: Only one Tx pool, which consists of both mode-3 dedicated resources and shared resources, needs to be configured to a mode-3 UE; whether to schedule resources in the dedicated resources or in the shared resources is up to eNB implementation.

From the UE autonomous resource selection perspective, as mentioned in [1] some companies thought that the Mode 4 UE also needs to be configured with a single pool (including the shared resources), and thought Rel-15 mode-4 UEs can reuse the existing sensing and resource selection mechanism but are not necessarily aware of the sharing resources. 
However, this is Technically Infeasible because of the following problems:

· Problem 1: decoding failure/error on the reception side

If the eNB simply configures a mode-3 pool and a mode-4 pool which overlapping with each other, then when a UE receives on a shared resource, it will face Decoding Error/Failure or is even Unable to decode from the resource at all. 
Let us illustrate this issue combining with legacy Rel-14 resource pool configuration. As can be seen from the Annex, when a UE decodes data on a resource, it needs to depend on the "RIV" value (i.e. the "Frequency resource location of the initial transmission and retransmission" field) received in the corresponding SCI [2]. The UE needs to depend on the received "RIV" value and the parameter "NsubCH" (which corresponds to numSubchannel in RRC) of the Rx pool to calculate the specific subchannels (and thus the frequency resources) original used by the transmitter to send the data corresponding to this SCI. Then: 
· In Rel-14 V2X, as shown in Figure 2 below, since the mode-3 pool and mode 4 pool are orthogonal to each other without overlapping, then when a UE decodes on a resource with the associated "RIV" received, the UE will apply the "NsubCH" of the Rx pool corresponding to the mode-4 Tx pool (i.e. NsubCH,2 for the blue resource), or that of the Rx pool corresponding to the mode-3 Tx pool (i.e. N subCH,1 for the red resource), respectively. Since the "NsubCH" used for mode-3 and mode-4 decoding is that of their respective Rx pool, there is no problem for the UE's decoding in Rel-14.  

· However, as shown in Figure 3 below, if we simply configure the mode-3 and mode-4 pool overlapping with each other, then when the UE tries to decode data on a resource (i.e. the green resource) with the associated "RIV" received, the UE cannot decide the "NsubCH" of which Rx pool should be used (i.e. whether to use NsubCH,1  or N subCH,2 ?). This eventually makes the UE unable to correctly decode the data transmitted on this resource, and results in decoding failure (i.e. decoding failure/error for mode-4 transmission if using N subCH,1; or decoding failure/error for mode-3 transmission if using NsubCH,2). 
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Figure 2
Figure 3
As we cannot always assume that the NW must configure exactly the same numSubchannel (i.e., NsubCH) for the mode-3 Tx pool and the mode-4 Tx pool, the misunderstanding problem, as shown above, for decoding failure/error can be quite severe on the shared resources, and this makes the mode-4 UE unable to be configured with one single resource pool in the case of pool sharing. 

Observation 3: The configuration of a single mode-4 pool (overlapped with mode-3 pool) can lead to decoding failure/error on each shared resource, which is an unacceptable severe problem.
· Problem 2: Inflexible pool configuration and unnecessary overhead 
In Rel-14, it is required that the sub-channel size in each available TTI of a specific pool should be set to the same value, i.e., sizeSubchannel-r14, as per the current specification. Therefore, if only one single pool is configured to mode-4, then it means the sizeSubchannel-r14 of the mode-3 pool and the mode-4 pool must be the same, so that the shared resources can have a uniform subchannel size (because it is impossible for the UE to decode on some subchannels with one size, but on some other subchannels with another size in a given TTI). In addition, the synchronization references (i.e. syncAllowed) of each mode-4 pool should also be with the same type as that configured for the mode-3 pool; otherwise, the subframe boundary may be misaligned. This means, if any configuration (e.g. sizeSubchannel-r14, syncAllowed) of the mode 3 pools is changed/reconfigured, then all the related mode-4 pools overlapped with the mode-3 pool need to be reconfigured correspondingly, and vice versa. This is of course very inflexible and lead to huge unnecessary extra overhead. 
Observation 4: If a single mode-4 pool is configured overlapping with the mode-3 pool, some configurations of the two pools (e.g. sizeSubchannel-r14, syncAllowed) need to be the same, so that if any configuration is changed for the mode-3 pool, all related mode-4 pools have to be reconfigured (and vice versa). This is inflexible and results in unnecessary signalling overhead. 
To avoid the above two problems, as shown in Observation 3 and 4, the only way seems to configure the dedicated mode-4 resources and shared resources separately. In addition, in order to guarantee high performance requirements of mode-3 UEs, a reasonable scheme is that mode-4 UEs shall avoid to select shared resources as much as possible, if the current transmission load status of the dedicated mode-4 resources is sufficient to support the requirements of the V2X services to be transmitted
. This requires both the dedicated mode-4 resources and shared resources to be visible to a mode-4 UE, so that the UE can know in which cases it is allowed to use the shared resources but in which cases not. 
Thus, in order to make the pool sharing more controllable and ultimately increase the system performance, a separate configuration between the dedicated mode-4 resources and the shared resources, as shown in above Figure 1, is proposed for mode-4 UEs.
Proposal 2: Separate configurations for the dedicated mode-4 resources and the shared resources should be supported for a mode-4 UE, in order to make pool sharing more controllable and ultimately increase the system performance.

2.2 Conditions to enable the pool sharing (Aspect 2)
Even with resource pool sharing mechanism in Rel-15, it does not mean that some resources should always be shared between mode-3 UEs and mode-4 UEs at any time. Take the intra-cell scenario for instance: when the dedicated mode-4 resources are sufficient with only a few mode-4 UEs within the network, the shared resources are not necessary. Instead, these resources can be exclusively used for mode-3 UEs. However, the resource sharing will make sense when mode-4 UEs cannot obtain enough available resources (e.g. due to the transmission congestion in current Tx pools or resource insufficiency happens in the [T1, T2] window). Thus, how to trigger the mode-4 UEs to use those shared resources needs to be discussed in RAN2 in order to balance the resource availability and performance.
Proposal 3: The triggers to enable pool sharing should be discussed in RAN2.  
For a mode-4 UE, as the analyses above, the transmission link status (e.g. CBR level, sensing result, etc.) can be an input to pool sharing triggers. Besides, the requirements of V2X services may also be taken into account. For example, when there is a V2X packet which requires low latency to be transmitted by a mode-4 UE, the shared resources can be used in order to acquire more available resources to be potentially selected by the UE.
Proposal 4: For a mode-4 UE, the transmission link status (e.g. CBR level, sensing result, etc.) and requirements of V2X services to be transmitted should be taken into account for the triggers of pool sharing. The details are FFS.

For mode-3 UE, since transmission resources are assigned by the eNB which is usually not aware of the situations over sidelink (e.g. for the scenarios like Network-edge or inter-PLMN), it may be thus necessary for some mode-3 UEs to report resource occupation, i.e. the resources selected by mode-4 or those available for mode-3, in order to assist eNB’s further scheduling and avoid potential collision. However, it can be envisioned that extra uplink reporting overhead would be brought about by such a means. 
Hence, RAN2 is suggested to discuss how to support the reporting of sidelink status by mode-3 UE with a low signalling overhead.
Observation 5: Reporting of sidelink status via mode-3 UEs may be helpful for the eNB scheduling to avoid potential resource collision from mode-4 UEs, whereas it may cause extra reporting overhead at the same time. 
Proposal 5: RAN2 is suggested to discuss how to support the reporting of sidelink status by mode-3 UEs with acceptable signalling overhead.
3 Conclusion

In this contribution, both of pool configuration and triggering mechanism are discussed, the observations and proposals are:
Observation 1: The pool sharing feature should not lead to obvious degradation of the transmission performance of mode-3 UEs. The trade-off between maximizing resource availability for mode-4 UEs and minimizing the performance degradation for mode-3 UEs is the key issue to be taken into account.
Observation 2: The partial pool sharing between mode-3 UEs and mode-4 UEs should be supported, and a portion of dedicated resources still need to be kept by the network only for mode-3 scheduling.
Observation 3: The configuration of a single mode-4 pool (overlapped with mode-3 pool) can lead to decoding failure/error on each shared resource, which is an unacceptable severe problem.
Observation 4: If a single mode-4 pool is configured overlapping with the mode-3 pool, some configurations of the two pools (e.g. sizeSubchannel-r14, syncAllowed) need to be the same, so that if any configuration is changed for the mode-3 pool, all related mode-4 pools have to be reconfigured (and vice versa). This is inflexible and results in unnecessary signalling overhead.
Observation 5: Reporting of sidelink status via mode-3 UEs may be helpful for the eNB scheduling to avoid potential resource collision from mode-4 UEs, whereas it may cause extra reporting overhead at the same time.  
Proposal 1: Only one Tx pool, which consists of both mode-3 dedicated resources and shared resources, needs to be configured to a mode-3 UE; whether to schedule resources in the dedicated resources or in the shared resources is up to eNB implementation.
Proposal 2: Separate configurations for the dedicated mode-4 resources and the shared resources should be supported for a mode-4 UE, in order to make pool sharing more controllable and ultimately increase the system performance.
Proposal 3: The triggers to enable pool sharing should be discussed in RAN2.
Proposal 4: For a mode-4 UE, the transmission link status (e.g. CBR level, sensing result, etc.) and requirements of V2X services to be transmitted should be taken into account for the triggers of pool sharing. The details are FFS.
Proposal 5: RAN2 is suggested to discuss how to support the reporting of sidelink status by mode-3 UEs with acceptable signalling overhead.
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5 Annex: Related procedure from TS 36.213 [2]
	14.1.1.4C
UE procedure for determining subframes and resource blocks for PSSCH transmission associated with an SCI format 1
The set of subframes and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH transmission containing the associated SCI format 1, and "Frequency resource location of the initial transmission and retransmission" field, "Retransmission index" field, "Time gap between initial transmission and retransmission" field of the associated SCI format 1 as described below.
"Frequency resource location of the initial transmission and retransmission" field in the SCI format 1 is equal to resource indication value (RIV) corresponding to a starting sub-channel index (
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where 
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 is the total number of sub-channels in the pool determined by higher layer parameter numSubchannel.

For the SCI format 1 transmitted on the PSCCH resource m (described in subcaluse 14.2.4) in subframe 
[image: image10.wmf]SL

n

t

, the set of subframes and sub-channels for the corresponding PSSCH are determined as follows:

[…]


� Note: How this can be done will be detailed in Section 2.2 below. 
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