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1 Introduction

In RAN2 #90, group priority for ProSe communication was discussed.  The discussion was centred around whether prioritization for autonomous resource selection (i.e. Mode 2 transmission) should be realized using a static mapping of priorities to pools.  It was agreed that:

“solutions other than static one-to-one association between priorities and resource pools should be considered.”

In this contribution, we consider solutions other than the static one-to-one association between priorities and resource pools. We also address the need for pre-emption to satisfy MCPTT requirements.
2 Discussion
2.1 Priorities for UE-Autonomous Resource Selection
In RAN#90, design of priority for UE-autonomous resource selection was discussed.  Several companies agreed that static one-to-one association between priorities and resource pools has limitations.  Specifically:

1)  in a situation where many high-priority UEs are present, the static association could lead to congestion of the high priority pool(s) while the low priority poolsmay be unused or lightly loaded.  
2) unnecessary congestion could result on the low priority pools if many low-priority UEs are transmitting on the low-priority pools while no high-priority transmissions are on-going.  
Static association therefore results in an inefficient usage of the D2D resources, while increasing the chances of interference during emergency situations. 
We therefore investigate a number of solutions other than static one-to-one association between priorities and pools and discuss whether the above issues can be addressed.
Solution 1: Higher Priority UEs can use all Pools
A first approach to avoid fixed one-to-one Tx pool mappings and exclusively reserved pools would be to restrict the pools which are allowed for low-priority D2D communications while higher-priority UEs can use all pools.
Low-priority UEs would still be required to exclusively and only utilize the associated low-priority pool(s), but the high priority UEs would be allowed to select from any of the available transmission pools (Figure 1).

For example, if 4 priority levels from 1 to 4 are defined for D2D Communication and used by the UE for mapping of D2D data as function of the PPP obtained from the application layer, each of these priority levels could simply be associated with one of the four transmission pools. UEs at a given priority level would use the pool of that level and all the pools at a lower priority level. A UE transmitting D2D data at the lowest priority level 4 would be allowed to use only pool 4, a UE transmitting at priority level 3 would be able to use pool 3 and 4, and so on. Pool selection by the highest priority UEs which would be allowed to select pools 1-4 could be left to UE implementation.

However, there would be no guarantee that congestion can be avoided. With equally probable random pool selection, all UEs could still end up potentially selecting the same pool. Some additional mechanism for pool selection that would distribute the higher priority UEs among the pools might be required.

One fundamental limitation of static resource partitioning is still not overcome. When many transmissions are being made at the lowest priority level, even when no other transmissions are ongoing for any higher priority level, the lowest priority transmissions will still be exclusively restricted to the lowest priority pool and conjestion of this pool would still occur.       
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Figure 1: Low priority transmission only in restricted Tx pools while high-priority transmission can use all Tx pools

Observation 1 Solution 1 addresses the issue of congestion of high priority pools, but does not address the issue of efficient resource usage for the low-priority UEs because these UEs are still restricted to using a subset of the D2D resources available
Solution 2: Shared Tx pools with persistence-based access control
A second approach to avoid fixed one-to-one Tx pool mappings would be to allow all low- and high-priority D2D communications to share all configured Tx pools. Low-priority UEs have less likelihood to access the D2D communication Mode 2 radio resources by means of persistence-controlled access (Figure 2).
In essence, when using fully shared pools, the idea is to make the higher priority transmissions more frequent or more likely in the statistical sense, i.e. an approach similar to EDCA used in Wi-Fi. A UE with D2D data pending to transmit would only perform a transmissions in a given scheduling period according to some probability.

This solution allows any UE to utilize all of the available D2D communication Mode 2 resources. Any congestion issue for the high priority and low-priority UEs resulting from restricted and segregated Tx pools is eliminated. The access probability associated a given PPP could be statically defined or preconfigured or it could be signaled by the eNB.
On the other hand, fixed or configured probabilistic access control values corresponding to each PPP level will result in low-priority transmissions being starved. For example, if the transmission probability is always set to 0.2 for the lowest priority level, but 0.9 for highest-priority UEs, the low priority UE may in average only end up using one out of 5 scheduling periods for transmission of its D2D data even if no other D2D data traffic is present.

It is clear that some form of dynamic adjustment of such persistence-controlled access parameters is necessary to ramp up and down PPP-associated access probabilities as a function of load and traffic characteristics observed in the D2D pools. In principle this could be done when in-coverage through UE measurement reports and eNB RRC signaling. For D2D Mode 2, any adjustment would need to be UE-autonomous. We note that based on R12 LTE design for D2D communication, UE sensing for SA or D2D data transmissions in monitored pools is inherently more difficult to achieve for those UEs that have themselves ongoing D2D data transmissions.

In summary, persistence-controlled access for priority handling in D2D communication with some degree of adaptability to adjust to observed traffic and radio characteristics can be done. This approach would solve the problem with segregated radio resource observed with static Tx pools. However, an undesirable level of complexity is associated with such a solution approach.
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Observation 2 Solution 2 addresses the issue of congestion of high priority pools but an undesirable level of complexity is associated with such approach
Solution 3: Low-priority UEs listening for high priority transmissions
A third approach to avoid fixed one-to-one Tx pool mappings would be to allow all low- and high-priority D2D communications to share all configured Tx pools, but instead force low-priority UEs to transmit only once they detect absence of higher priority transmissions (Figure 3).
The idea is that UEs with pending low-priority transmission determine first whether any higher priority transmissions will be made in a given Tx pool and scheduling period. A low-priority UE will first listen to the SA pool(s) to determine whether higher priority UEs are transmitting their SAs.

If no higher priority UEs transmits an SA in this scheduling period in a given SA Tx pool, the low-priority UE can then utilize the associated D2D data pool for its own data transmission in the next following scheduling period. Concurrent transmissions of high priority and low-priority UEs using the same SA/Data pool are to some extent possible without necessarily resulting in mutual interference. The rule to determine whether a low-priority UE (which is decoding for presence of higher priority SAs in a given SA Tx pool) is allowed to transmit in the subsequent scheduling period can simply be set of as a function of a maximum number of high-priority SAs detected valid for a given SA pool size. The selection of T-RPT for D2D data resources by the lower priority UE can be done by deliberately avoiding subframes as known from the T-RPT patterns announced by the higher priority UEs in their SAs.

If it is desired that any scheduling decision by lower priority UEs is taken for the same scheduling period, then in order to allow the lower priority UEs to determine whether a D2D data pool is currently being utilized by high-priority transmissions, the SA resources utilized by high priority transmissions must occur before the SA resources used by lower priority transmissions. This can be achieved by configuring SA Tx pools such that the first few SA subframes are used exclusively by the high-priority UEs if present, and the last SA subframes are used exclusively by the low priority UEs.

This approach does not result in any congestion for the high priority or low priority D2D data pools, since all UEs are still free to select from any of the configured Tx pools. D2D radio resources are used efficiently since low-priority UEs are allowed to transmit D2D data into all Tx pools when no high priority transmissions are present or may be allowed to transmit on the same pool but chose non-interfering time/frequency resources that don’t collide with the detected high priority transmissions.

However, the restriction on the allowable SA resources that can be used by the high priority and low priority UEs will reduce the amount of SA resources available for each priority level. While this could result in SA Tx pool limitations, the impact would still be significantly less than any other approach.
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Observation 3 Solution 3 addresses the issues of congestion and resource efficiency of the data pool, while having some minimal impact on efficiency of SA pool usage.

Solution 3 adequately addresses the issues of resource congestion and efficiency and has the least amount of impact when compared to other approaches.  Therefore we thinks RAN2 should consider solution 3 as a baseline for how the UE should use the resource pools.  
Proposal 1 RAN2 to agree to solution 3, in which low- and high-priority D2D communications are allowed to share all configured Tx pools (e.g. they can use all the pools), but instead low-priority UEs can only transmit on a given pool or resources once they detected absence of higher priority transmissions
2.2 Need for Pre-emption 
Pre-emption is a MCPTT[1] requirement.  The main question is whether this requirement can be achieved at the application layer or whether a mechanism is required at the RAN level.
If implemented at the application layer, the pre-emption message would likely be transmitted over a high priority channel.  However, these mechanisms rely on the fact that the message is successfully delivered and successfully received by UEs.  Since this message has to go over the PC5 interface it is subject to the sidelink physical layer limitations and potential congestion.  

Using the existing sidelink channels, some uncertainty exists on how quickly and reliably such a message can be transmitted over the air interface and how reliably it can be received:  
1) If the high-priority channel is itself congested, multiple retransmissions would be needed for the pre-emption message to be heard by all concerned UEs.

2) Due to the half duplex constraint, some UEs may not be able to hear the pre-emption message if it is sent using a single high-priority D2D communication message.  This issue can again be addressed by retransmissions at the application layer, but latency and resource efficiency would then come into play.
Observation 4 Application-layer pre-emption latency and reliability is difficult to guarantee as it uses the same mechanism as data transmission.

Based on the above issues, we believe RAN2 should discuss methods at the AS for implementing pre-emption.  Some very basic methods for implementing pre-emption at the AS could be to have the pre-emption message be sent in the SA, or defining some pre-defined SA D2D resources for sending the pre-emption.
Proposal 2 RAN2 should consider/discuss methods for implementing pre-emption at the AS. 

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 3 RAN2 to agree to solution 3, in which low- and high-priority D2D communications are allowed to share all configured Tx pools (e.g. they can use all the pools), but instead low-priority UEs can only transmit on a given pool or resources once they detected absence of higher priority transmissions
Proposal 4 RAN2 should consider/discuss methods for implementing pre-emption at the AS. 
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