


3GPP TSG-RAN WG2 Meeting #117e                                    R2-2202654
Online, 21 February – 03 March, 2022

Source: 			ZTE Corporation, Sanechips
Title: 	On inter-RAT handover for RedCap UEs
[bookmark: Source]Agenda item:		8.12.2.2.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In last RAN2 meeting [1], inter-RAT handover issue was raised and RAN2 reached following agreement:
Agreements online:
1. For the LTE to NR handover, in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment procedure. FFS any specification impact or purely leave to implementation
This contribution provides further consideration on the FFS issue. Besides this, the consequence of RRC re-establishment after inter-RAT handover failure is also discussed.
2. Discussion
A RedCap UE bundled with a LTE module may handover to LTE cell in RRC_CONNECTED mode, or select/re-select to a LTE cell in RRC_IDLE/RRC_INACTIVE mode. Because legacy LTE cell is unaware of the RedCap access capability in neighboring NR cell, and LTE cell cannot identify RedCap UE type, there will be three cases when triggers inter-RAT handover from LTE to NR:
Case 1: The target NR cell supports RedCap access. In this case, the target gNB can identify RedCap UE via the RedCap UE type included in capability signaling. The configuration in target cell contained in handover command will not exceed RedCap UE’s capability. Thus there will no problem in this case.
Case 2: The target NR cell is a legacy NR cell and the configuration provided by the target cell does not exceed RedCap UE’s capability. The RedCap UE can comply the configuration as a non-RedCap UE. However, according RAN2 agreement, the RedCap UE should not access legacy NR cell. Thus this case should be prevented. On the other side, we believe the probability of this case is quite low because the bandwidth of most legacy NR cells beyond the maximum bandwidth supported by RedCap UEs.
Case 3: The target NR cell is legacy NR cell and the configuration provided to the RedCap UE exceeds RedCap UE’s capability. According to current NR specification, the RedCap UE will trigger RRC re-establishment in this case.
Thus, additional solution is only needed to address the problem in case 2. In last RAN2 meeting, two candidate solutions are provided on how to trigger RRC re-establishment.
Solution 1: In handover command, the target NR cell can indicate whether it supports RedCap access. The RedCap UE triggers RRC re-establishment if the handover command does not include this indicator. 
For UE implementation solution, there are two sub solutions on how to determine whether the target cell supports RedCap access:
Solution 2.1: According to the presence of RedCap specific IFRI in dedicated SIB1, if dedicatedSIB1-Delivery is included in handover command. 
Solution 2.2: According to the presence of RedCap specific IFRI in the SIB1 broadcast by target cell, if dedicated SIB1 is not included in handover command.
The advantage of solution 1 and solution 2.1 is that RedCap UE can trigger RRC re-establishment immediately upon reception of handover command. But the cost is additional signaling overhead. To include whole SIB1 in handover command may degrade handover performance.
One may argue that in solution 2.2, extra delay before UE realize whether target cell support RedCap is introduced. This delay is caused by synchronization to target cell and acquiring SIB1. However, this extra delay only exist in case 2 (RedCap UE can comply RRC configuration in legacy NR cell). Note that in current NR specification, if dedicated SIB1 is not included in RRC reconfiguration and reconfigurationWithSync is included, the UE will anyway acquire SIB1 broadcast in target cell after RACH procedure is completed. Thus solution 2.2 has impact on only case 2. Considering the low probability of case 2, we believe the delay caused by solution 2.2 is acceptable.
Observation 1: The extra delay and process overhead caused by option 2.2 (Leave to UE implementation by reading broadcast SIB1 in target cell) exist only in the low probability case 2 (RedCap UE can comply RRC configuration in legacy NR cell).
Based on the above analysis, we prefer to leave to UE implementation to determine whether RedCap access is supported in target NR cell. FFS whether to capture in NR spec like “in case handover from LTE, RRC re-establishment is triggered if the target NR cell does not support RedCap access”.
Proposal 1: In case of inter-RAT handover from LTE to NR, leave to UE implementation to determine whether RedCap access is supported in target NR cell. FFS whether to capture in NR spec like “in case handover from LTE, RRC re-establishment is triggered if the target NR cell does not support RedCap access”.
With either solution 1 or solution 2, illegal access to legacy NR cell can be prevented, but the handover procedure still fails. As a consequence (triggering RRC re-establishment), ping-pong problem may occur. Because the legacy NR cell does not support RedCap access in RRC_IDLE mode too, the RedCap UE will most likely back to LTE cell during the RRC re-establishment procedure. And since radio quality in LTE side is already degraded, handover to NR may be trigger again. Then RRC re-establishment following inter-RAT handover may occur repeatedly.
In addition, frequent handover failure also has impact on network KPI and handover performance of non-RedCap UE. Because legacy eNB cannot distinguish RedCap UE and treat it differently from non-RedCap UE, this handover failure and ping-pong problem cannot be avoided by RRM algorithm or OAM configuration which is applied to all NR UEs in legacy NR cell. Thus any mechanism to ease the consequence of this handover failure will have impact on handover performance of non-RedCap UE.
Observation 2: Ping-pong problem (frequent handover failure) may occur when RedCap UE handover from LTE to legacy NR cell, this will impact network KPI and handover performance of non-RedCap UE. 
To address this issue, the straight forward approach is to not to trigger inter-RACH handover to legacy NR cell. Per our understanding, there are following approaches: 
Approach 1: Upgrade eNB so that eNB can identify RedCap UE type, and be informed about the RedCap supporting information of neighbor NR cell. Then handover from LTE to legacy NR cell will not be triggered. The impact on spec of this approach include adding RedCap supporting information in X2/Xn message, and adding RedCap type indicator in the LTE capability container. 
However, it is difficult to upgrade all eNB in the early deployment. Thus only this approach is not enough.
Approach 2: To make legacy NR cell reject handover from LTE. The basic idea of this approach is to make the RedCap UE’s capability unrecognizable for legacy NR, then legacy NR cell will reject the handover request. Different to RRC re-establishment, the source LTE will not trigger handover to the target NR cell again.
One potential solution of this approach is to define a RedCap specific capability container so that legacy NR cell cannot decode. And this new container is always included even if there is no optional capabilities. Unfortunately, this solution was not adopted in previous RAN2 meetings. But we think maybe it is still feasible for R17 to define a RedCap specific container since it has impact only capability signaling, but no impact on 38.306.
Observation 3: There are several potential solutions to address the ping-pong problem caused by RRC re-establishment after inter-RAT handover failure:
Approach 1: Upgrade eNB so that eNB can identify RedCap UE type, and be informed about the RedCap supporting information of neighbor NR cell.
Approach 2: For RedCap UE, to trigger legacy NR cell to reject the handover from LTE, e.g. redefine RedCap specific capability container.
We also understand in this late stage, it is difficult to discuss these approaches considering the big impact on workload. But on the other hand, the ping-pong and frequent handover failure problem has big impact on network KPI and UE performance. So we suggest RAN2 to discuss and consider a complete solution for handover from LTE to legacy NR cell, not to only trigger RRC re-establishment.
Proposal 2: RAN2 should discuss and specify a complete solution solving the inter-RAT handover issue, only triggering RRC re-establishment is insufficient.
3. Conclusion
Observation 1: The extra delay and process overhead caused by option 2.2 (Leave to UE implementation by reading broadcast SIB1 in target cell) exist only in the low probability case 2 (RedCap UE can comply RRC configuration in legacy NR cell).
Observation 2: Ping-pong problem (frequent handover failure) may occur when RedCap UE handover from LTE to legacy NR cell, this will impact network KPI and handover performance of non-RedCap UE. 
Observation 3: There are several potential solutions to address the ping-pong problem caused by RRC re-establishment after inter-RAT handover failure:
Approach 1: Upgrade eNB so that eNB can identify RedCap UE type, and be informed about the RedCap supporting information of neighbor NR cell.
Approach 2: For RedCap UE, to trigger legacy NR cell to reject the handover from LTE, e.g. redefine RedCap specific capability container.
Proposal 1: In case of inter-RAT handover from LTE to NR, leave to UE implementation to determine whether RedCap access is supported in target NR cell. FFS whether to capture in NR spec like “in case handover from LTE, RRC re-establishment is triggered if the target NR cell does not support RedCap access”.
[bookmark: _GoBack]Proposal 2: RAN2 should discuss and specify a complete solution solving the inter-RAT handover issue, only triggering RRC re-establishment is insufficient.
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