Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN2 Meeting #100
 R2-1712180
Reno, USA, 27th November – 1st December 2017 
revision of R2-1710148
Agenda Item:
9.10.3
Source:
OPPO
Title:
Resource pool sharing in eV2x
Document for:
Discussion, Decision
1 Introduction

In WID RP-170798, one of the objectives defined for eV2x is
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a)
Carrier aggregation (up to 8 PC5 carriers);

b)
64QAM;

c)
Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

d)
Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution, we discuss the detailed procedure of resource pool sharing.
2 Discussion
First of all, when talking about resource pool sharing, it is for Tx pool instead of Rx pool, since Rx pool can always include whole ITS carrier without differentiating transmission modes.

Observation 1 Resource pool sharing only relates to Tx resource pool.

The benefit for resource pool sharing is mainly to maximize Tx resource pool for out-of-coverage UE: Considering that in-coverage UE can make use of both mode-3 and mode-4, the benefit of resource pool sharing is for the out-of-coverage UE who can only use mode-4. 
Observation 2 Resource pool sharing is to maximize Tx resource pool for out-of-coverage UE.

Before going into details of resource pool sharing scheme, we divide UEs into different types, i.e., for both Rel-14 V2x and Rel-15 eV2x, the UEs can be divided into following types:

· Mode-3 V-UE

· Mode-3 P-UE

· Mode-4 V-UE

· Mode-4 P-UE

Considering one-shot transmission (for both mode-3 and mode-4) is not predictable by sensing operation, this paper discusses resource pool sharing mainly considering multi-shot based transmission, which can benefit from listen-before-talk type transmission.

For the difference between V-UE and P-UE is the reception capability, i.e., as defined in Rel-14

· Full sensing can be done by V-UE, yet 

· Only partial sensing or no sensing can be done by P-UE. 

In this paper, when talking about P-UE, we focus on sensing incapable P-UE (i.e., without Rx chain) to discuss the resource pool sharing, because partial sensing capable P-UE can be categorized similar as full-sensing capable V-UE, i.e., both of which have sensing capability in some degree.

Furthermore, this paper does not address the impact due to zoning and exceptional pool, since the former one is independent of the pool sharing problem and the latter one cannot be solved by pool sharing anyway.

2.1 An example of resource pool sharing 
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Figure 1 Resource pool sharing (Rxx-My-Z: Rel-xx Mode-y Z-UE)

In Figure 1, different types of release / mode / UE type are considered, and it results into three pools for pool sharing:

· In the left pool: only mode-3 UEs share this pool (including both Rel-14 and Rel-15 UEs), i.e., no mode-4 UEs in this pool. This is due to the legacy behaviour of Rel-14 mode-3 UE, i.e., the bits in resource reservation field are all set as zeros by Rel-14 mode-3 UEs. 

· In the middle pool: only Rel-15 V-UE, Rel-14 mode-4 V-UE and Rel-15 mode-3 V-/P-UE share this pool, i.e., 

· No Rel-14 mode-3 UEs in this pool: due to the same reason above, i.e., the bits in resource reservation field are all set as zeros by Rel-14 mode-3 UEs。

· No mode-4 P-UE in this pool: Since this pool already contains mode-3 UE, and here we limited to P-UE without Rx capability, there is no way for the mode-3 UE and mode-4 of P-UE to coordinate resource selection with each other. In other words, there is no way for the network scheduler of mode-3 UE to know the mode-4 P-UE activity in its proximity. Therefore, separate resource pools are needed to serve the two.
· In the right pool: Only mode-4 UEs in this pool, no mode-3 UEs. This is due to the same reasons above, i.e., the concern on co-existence with Rel-14 and Rel-15 mode-3 UE.

In the example above, the red pool is the only pool which cannot be used by out-of-coverage mode-4 UEs, while the blue pools is available for both in and out-of-coverage UEs. Although the red pool should be minimized in order to have more available resources for out-of-coverage UEs, it cannot be fully alleviated due to the legacy Rel-14 UEs.

Observation 3 Legacy Rel-14 mode-3 V-UE would cause fragment on the spectrum which cannot be used by Rel-15 out-of-coverage UE.
2.2 Resource pool configuration

This fragment due to legacy Rel-14 mode-3 causes two types of environment of Rel-15 mode-3 UE:

· Case 1: When co-exist with Rel-14 mode-3 UE, i.e., in the left pool of Figure 1.

· Case 2: When co-exist with Rel-15 mode-4 UE, i.e., in the right pool of Figure 2.

Where case 2 is the core part of resource pool sharing feature for Rel-15 eV2x, and case 1 is also useful to carry non-SPS mode-3 scheduling which cannot be sensed and avoided by Rel-14/15 mode-4 V-UE. Considering for each UE, the network is likely to use both dynamic and SPS type mode-3 scheduling, it is useful to differentiate the two cases for mode-3 scheduling in Rel-15. But that does not necessarily mean to have two mode-3 resource pools configured per UE, because

· Each UE can still have one mode-3 pool, and it is up to network to decide which resource(s) to schedule in a dynamic / SPS manner, e.g., resource 1 to co-exist with Rel-14 mode-3 UE, and resource(s) 2 to co-exist with Rel-15 mode-4 V-UE.

· In the extreme case, the network can configure all Rel-14 UEs in mode-4, in order to have the whole ITS spectrum available to out-of-coverage UE. In that way, case-1 vanishes.

Proposal 1 Configure one single mode-3 pool to UE as in Rel-14.
For mode-4, since the UE behaviour is the same for the following two cases:

· Case 1: when co-exist with Rel-15 mode-3 UE, i.e., in the middle pool of Figure 1.

· Case 2: when co-exist with mode-4 P-UE, i.e., in the right pool of Figure 1.

There is no need to differentiate the two environments, and thus one single mode-4 pool can be configured for V-UE to cover the two cases (a union of middle pool and right pool).

Proposal 2 Configure one single mode-4 pool to UE as in Rel-14.

2.3 Tools for Rel-15 mode-3/4 co-existence

As shown in Figure 1, the key tool for resource pool sharing is to enable the middle pool, i.e., resource sharing between Rel-15 mode-3 and mode-4 V-UE, for which different solutions are on the table:

· Tool-1: Indication in resource reservation field: in order for mode-4 UEs to take into account of mode-3 activity before mode-4 resource selection decision [2]

 REF _Ref489435044 \r \h 
[3]

 REF _Ref489435045 \r \h 
[4].

· Tool-2: Sensing mode-4 activity and report to network: in order for network scheduler to take into account of the mode-4 activity before mode-3 resource allocation decision [1]

 REF _Ref489434977 \r \h 
[2].
Considering that tool-1 is more of RAN1 scope, tool-2 would have impact on RAN2 since it is related to the design of reporting mechanism. In order to discuss the necessity of this mechanism, one thing to clarify is what the target latency requirement for this report is:

· If it is long-term report: we since Rel-14 has already the CBR measurement as the main L3 measurement for sidelink.

· If it is short-term report: one straightforward idea is to define this report as sensing result reporting. However, the sensing behaviour is defined in a way that T1=4, i.e., there is only 4ms window for UE after getting sensing results to report to network, and network after making resource selection decision to send command to UE. This would result into ~1ms one-directional latency requirement for the UE report and SL resource grant, i.e., falling into the scope of Rel-15 HRLLC WI which is still on-going.

Observation 4 UE report based mode-3 mechanism requires support from Rel-15 HRLLC WI output.

Proposal 3 RAN2 do not pursue UE report based mode-3 mechanism in Rel-15 eV2x.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Resource pool sharing only relates to Tx resource pool.
Observation 2
Resource pool sharing is to maximize Tx resource pool for out-of-coverage UE.
Observation 3
Legacy Rel-14 mode-3 V-UE would cause fragment on the spectrum which cannot be used by Rel-15 out-of-coverage UE.
Observation 4
UE report based mode-3 mechanism requires support from Rel-15 HRLLC WI output.


Based on the observations, we propose:
Proposal 1
Configure one single mode-3 pool to UE as in Rel-14.
Proposal 2
Configure one single mode-4 pool to UE as in Rel-14.
Proposal 3
RAN2 do not pursue UE report based mode-3 mechanism in Rel-15 eV2x.
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