
3GPP TSG-RAN WG2 Meeting 105
R2-1902045
Athens, Greece, 25th Feburary –1st March, 2019                       

Agenda item:
11.4.2.2
Source: 
Huawei, HiSilicon

Title: 
Mobility enhancements for mode-1 and mode-2
Document for:
Discussion and Decision

1. Introduction
The handling of LTE V2X sidelink transmission for mobility is generally described in [1], where the procedure for handover is described as follows.
	For V2X sidelink transmission, during handover, transmission resource pool configurations including exceptional transmission resource pool for the target cell can be signaled in the handover command to reduce the transmission interruption. In this way, the UE may use the V2X sidelink transmission resource pools of the target cell before the handover is completed as long as either synchronization is performed with the target cell in case eNB is configured as synchronization source or synchronization is performed with GNSS in case GNSS is configured as synchronization source. If the exceptional transmission resource pool is included in the handover command, the UE uses randomly selected resources from the exceptional transmission resource pool, starting from the reception of handover command. If the UE is configured with scheduled resource allocation in the handover command, the UE continues to use the exceptional transmission resource pool while the timer associated with handover is running. If the UE is configured with autonomous resource selection in the target cell the UE continues to use the exceptional transmission resource pool until the sensing results on the transmission resource pools for autonomous resource selection are available.


For cell reselection, the procedure is described as follows [1]:
	During cell reselection, the RRC_IDLE UE may use the randomly selected resources from the exceptional transmission resource pool of the reselected cell until the sensing results on the transmission resource pools for autonomous resource selection are available.


It can be envisioned that the use of exceptional pool during handover and cell reselection can lead to performance degradation. In this contribution, therefore, we discuss potential candidates for mobility enhancements for mode-1 and mode-2 NR V2X sidelink communication, on top of the LTE baseline. 
2. Discussion
According to the handling of LTE sidelink transmission for mobility management, exceptional transmission resource pool is used to reduce transmission interruption during handover/cell reselection. Particularly, for RRC_CONNECTED UEs, the exceptional TX pool is configured through HO command. As per the way of resource allocation in the target cell, there can be two possible cases as demonstrated in the following Fig. 1a and 1b
. 
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Fig. 1a Scheduled resource allocation in RRC_CONNECTED in LTE 
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Fig. 1b Autonomous resource selection in RRC_CONNECTED in LTE
For RRC_IDLE UEs, the exceptional resource pool is obtained from SIB21/26 during cell selection. We have a similar figure in Fig. 2.
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Fig. 2 Autonomous resource selection in RRC_IDLE in LTE

From above figures, we have the following observations:

· In the case of scheduled resource selection, only the exceptional TX pool is used until HO is completed. The use of exceptional TX pool is to reduce the transmission interruption before successful access to the target. 

· In the case of autonomous resource selection, the exceptional TX pool is used until sensing result is obtained. Since 1 sec sensing time is needed for a new normal TX resource pool, which is larger than typical HO time (e.g. 50 ms), the exceptional TX pool is used to reduce the transmission interruption before the sensing result is obtained.

Though exceptional TX pool helps reduce transmission interruption, since the UE randomly selects resources therein without sensing, the use of exceptional TX pool may result in undesirable performance degradation during handover/cell reselection.
Observation 1:  The use of exceptional TX pool may result in performance degradation during HO and cell reselection.
2.1 Mobility enhancement for NR mode-1
In RAN2#104 meeting, it has been agreed that enhancements for the Tx/Rx operations and configurations during handover are needed for NR V2X sidelink communication [2]:

	Agreements

5:
For NR V2X sidelink communication during handover, the Tx and Rx operations and configurations during handover in LTE V2X sidelink communication (i.e. using Rx pool and exceptional Tx pool of the target cell configured in HO command) are taken as the baseline. Enhancements for the Tx/Rx operations and configurations during handover are needed for NR V2X sidelink communication, on top of the LTE baseline. Details are FFS.


As analysed in the above section, for a UE performing mode-1 transmission, when handover procedure is being performed, the UE cannot obtain dedicated sidelink transmission resource assignment from the target cell until the UE successfully performs random access and completes HO. Only the exceptional TX resource pool could be used before HO is completed, and the resultant performance degradation is intolerable, especially for some advanced V2X services requiring extremely low latency and high reliability. 
In order to guarantee the service continuity and also performance requirements during handover, specific sidelink resources to be assigned by the target cell may be conveyed to the UE in advance, e.g. in the handover command. Particularly, we think that pre-allocated configured sidelink resources can be provided by the target gNB via handover command. When handover procedure is executed, the pre-allocated configured sidelink resources will be used to transmit sidelink data. Actually, such pre-allocated configured sidelink resources here are with the similar logic as the "preallocated uplink grant" which has already been supported for LTE RACH-less handover since Rel-14 [2], and may thus be the simplest way to enhance sidelink transmission performance during handover.
Proposal 1: During handover, pre-allocated configured sidelink resources assigned by the target gNB can be provided via handover command, which can be used to transmit sidelink data.

2.2 Mobility enhancement for NR mode-2

For a UE performing handover with mode-2 in RRC_CONNECTED or a UE performing cell reselection in RRC_IDLE, if we take LTE V2X as a baseline, the UE needs to obtain the sensing result before using the resources in the normal Tx resource pools provided by the new cell (in RRC reconfiguration message or V2X specific SIB, respectively). Before the completion of sensing on the normal TX pools provided by the target cell, the UE has to instead use the exceptional TX pool for temporary transmission based on random selection to reduce the transmission interruption, thus suffering from performance degradation with highly possible resource collisions. Such a way of mobility handling in legacy LTE SL is unacceptable for advanced V2X services requiring high QoS. Therefore, avoiding/reducing usage of exceptional TX pool during handover/cell reselection is necessary for NR SL. 
To this end, from the perspective of network, same resource configuration can be used among neighbour cells to make it possible for UEs performing mode-2 transmission to reuse sensing results across different neighbour cells. From the perspective of the UE, directly reusing the sensing results obtained from the resource pools of the source cell into those of the target cell becomes possible, so that the UE does not need to perform sensing from the very beginning as if brand new pools are configured, thus avoiding the unnecessary one-second waiting time to re-collect sensing results.  In such a manner, there is no more need to use exceptional resource pool during HO or cell reselection, if unchanged TX resource pools can be configured across neighbour cells. By directly using the normal TX pool with known sensing results during handover/cell reselection, the performance in this period can be improved. Therefore, we have the following proposal. 
Proposal 2: RAN2 to confirm enabling the UE to be aware of and keep using unchanged TX resource pools during handover/cell reselection for mode-2, when it moves across different cells. 

Unchanged TX resource pools across multiple cells can be configured with negotiation among gNBs. Several possible ways can achieve Proposal 2:
· Option 1: valid area based resource pool configuration
In this option, an area is defined, where the TX resource pools are unchanged. The UE is aware of the unchanged resource pools through area ID. In NR Uu, valid areas are defined in each PLMN where in one area, area-specific SIB is not changed and UEs can avoid acquiring the unchanged SIB every time it reselects to another cell in the area. 
When it comes to NR SL, applying the V2X SIB as an area specific SIB may make UEs using mode-2 aware of the unchanged resource pools. However, if the area based resource pool configuration were applied, it could then become difficult to adapt the resource pool configurations into the actual traffic load of each cell respectively. Specifically, when V2X traffic is overloaded in one of the cells in the area, a larger transmission pool may not only be configured to that cell but inevitably be applied to all the other cells within the area as well; this could lead to unnecessary resource wastage in the other cells where perhaps only light traffic load exist. Another concern is that the existing valid areas in NR Uu cannot really be directly reused to realize such valid area for V2X; instead, a brand new V2X specific valid area may inevitably need to be introduced intentionally, considering the fact that configuration of SL may have some distinctive characteristics of its own and thus V2X SL configurations and Uu configurations are usually decoupled. As an example, the cell at the edge across several valid areas may need to provide the Rx resource pools containing Tx resources of all these areas, meaning that the resource configurations at the area edge are inter-area dependent; this may lead to very different valid area design for NR SL compared with that of NR Uu. 

Observation 2: If one intends to apply valid area based resource pool configuration for mode-2, the existing valid area of NR Uu cannot be directly reused and a brand new V2X specific valid area needs to be introduced, as some V2X specific characteristics may need to be further considered (e.g. pool configuration at the area edge, SL load adaptation, etc.). 
· Option 2: Resource pool keeping indication across neighbour cells
In this option, the gNB can decide whether the resource pool is reused by the neighbour cell(s), and thus indicates to the UE whether resource pool configuration can be kept or not when the UE is changing cells. A UE performing mode-2 is aware of the unchanged resource pools through a pool-keeping indication by the gNB. For example, for an RRC_CONNECTED UE, it can be directly indicated to reuse the resource pools configured by the source cell via an indication in HO command from the target cell [3], or can be implicitly indicated to reuse via the absence of normal TX pools in HO command. As another example, it may also be possible for a gNB to directly indicate whether the neighbor cell(s)/frequency(ies) are providing the same resource pools, so that the UE can keep the resource pool configured by this gNB (as the source cell) when it switches to the neighbor cell(s)/frequency(ies). It is even possible for a gNB to configure a list of specific neighbor cell(s)/frequency(ies) that share the same SL resources, which enables a UE using mode-2 to keep the resource pool configuration unchanged when moving among these cell(s)/frequency(ies). 

Such a pool-keeping indication, which more focuses on the coordination across two neighbor cells, might also be a simple way to realize the unchanged resource pool for the UEs during handover/cell reselection. The possible ways on how to realize such an indication can be further discussed in more detail.
Observation 3: An indication on whether resource pool configuration can be kept across neighbor cells (e.g. by the target cell in HO command, by the source cell, etc.) can in effect achieve the unchanged resource pool configuration during handover/cell reselection for UEs performing mode-2. 
As there can be more than one possible ways for mode-2 mobility enhancements, we think all above directions may be taken as candidate solutions in SI phase, with the down-selection to be done in WI after analyzing each solution's pros and cons more carefully. 
Proposal 3: RAN2 takes both valid area based resource configuration and inter-cell resource pool keeping indication as candidate solutions, and do the down-selection for mode-2 mobility enhancement in normative phase. 
3. Conclusion
In this contribution, we discussed the potential mobility enhancement for mode-1 and mode-2 in NR. We have the following observations.
Observation 1:  The use of exceptional TX pool may result in performance degradation during HO and cell reselection.

Observation 2: If one intends to apply valid area based resource pool configuration for mode-2, the existing valid area of NR Uu cannot be directly reused and a brand new V2X specific valid area needs to be introduced, as some V2X specific characteristics may need to be further considered (e.g. pool configuration at the area edge, SL load adaptation, etc.). 
Observation 3: An indication on whether resource pool configuration can be kept across neighbor cells (e.g. by the target cell in HO command, by the source cell, etc.) can in effect achieve the unchanged resource pool configuration during handover/cell reselection for UEs performing mode-2. 
We have the following proposals.
Proposal 1: During handover, pre-allocated configured sidelink resources assigned by the target gNB can be provided via handover command, which can be used to transmit sidelink data.

Proposal 2: RAN2 to confirm enabling the UE to be aware of and keep using unchanged TX resource pools during handover/cell reselection for mode-2, when it moves across different cells. 

Proposal 3: RAN2 takes both valid area based resource configuration and inter-cell resource pool keeping indication as candidate solutions, and do the down-selection for mode-2 mobility enhancement in normative phase. 
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�  In all below figures, synchronization based on GNSS is assumed for simplicity.


� Strictly speaking, there may be a gap between the action of "cell reselection" and "acquisition of V2X specific SIB". But how to deal with this gap is the part that is left to UE implementation.
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