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[bookmark: _Ref462817227]Introduction
In RAN2#107bis meeting, it was agreed to have a further discussion on RACH and MRO related report contents.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][107#45][NR/SON] RACH and Mobility Robustness optimisation checking (CATT)
	Intended outcome: email discussion report
	Deadline: Thursday 10/03/2019
	- Check the feasibility of the parameters provided by RAN3

As part of the email discussion [1], successful handover report is discussed but no consensus could be reached. Therefore, in this contribution we again mention the need for such a report and also mention the contents of the measurement report associated to such a report.

[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
[bookmark: _Toc12372235][bookmark: _Toc12372251]Motivation behind successful handover report 
In LTE, the RLF report was introduced so that the network can identify the reason behind the UE’s radio link failure and fix the same via changes in the network parameters. The entire framework is based on the fact that there is enough statistics to work with and these statistics is collected from many UEs. This assumption is true for low frequency deployments where the cell size (at least for macro cells) is expected to be large. Larger the cell size, higher the number of UEs connected to the cell and this in turn aids in the faster accumulation of the statistics based on RLF reports. 
[bookmark: _Toc20754695][bookmark: _Toc20756362][bookmark: _Toc20756852][bookmark: _Toc20767753]Low frequency deployments have large cell sizes and therefore there are many UEs connected to the cell which increases the rate at which RLF related information can be collected from the UEs. 
FR2 deployments suffer from the small cell sizes. This in turn leads to a smaller number of UEs connected to them which makes it harder to collect enough statistics.
[bookmark: _Toc20767754]The high frequency (FR2) deployments have much smaller cell size compared to FR1 deployments and thus it takes much longer to collect enough statistics in FR2 compared to FR1.
[bookmark: _Toc20767755]Collecting the same amount of statistics in FR2 takes much longer time than FR1 which in turn increases the probability of poor network configuration for a very long time in FR2 deployments.
Additionally, in the FR-2 frequencies the UE is expected to have more sensitive mobility wherein the RLM resources’ configuration plays a larger role than in FR1. In such scenarios, it is beneficial to have a method to learn more about the handover performance based on both successful and failed handovers. 
[bookmark: _Toc20767756]Mobility in FR2 poses larger challenges compared to FR1 as the serving cell reference signal deterioration is much faster in FR2 compared to FR1. 
Based on the above observations, we think the it makes sense to collect more information from the UEs which could further reduce the probability of failures even if the handovers are successful.
[bookmark: _Toc20754703][bookmark: _Toc20756369][bookmark: _Toc20756855][bookmark: _Toc20767748]RAN2 supports successful handover reporting.

Successful handover report contents and triggers
To make the best use of the information available at the UE at the handover border locations that can be of use for the network, we can discuss some parameters that might bring some benefits. We think that the following parameters can be of value for the network.
· RLM/RLF related measurements
· RRM related measurements
RLM/RLF related measurements
In case of successful handovers, the UE might receive the handover command when the radio link towards the serving cell is still quite bad i.e., when the timer T310 is still running. In such a case the UE stops the T310 timer and starts the RA procedure towards the target cell of the handover. Any further delay in sending the handover command would have resulted in RLF with cause ‘T310 expiry’. This scenario is expected to happen in FR2 more often than in FR1. 
[bookmark: _Toc20767757]The UE might receive a HO command when the T310 timer is running and in such a case, the UE stops T310 timer and starts the random access towards the target cell. 
Therefore, we believe that the UE can include measurements related to the RLM related parameters as part of a report to the target cell after the successful handover. Such RLM related parameters could include the status of the timer T310.
[bookmark: _Toc20767749]If T310 timer was running when the UE receives the HO command, then the UE shall include the status of T310 in the successful HO report.
In addition to the RLM related reasons, there can be other reasons to declare RLF. One such reason is the reaching of maximum number of RLC retransmissions. If the DL towards the serving cell is very good but not the UL (again, a more realistic scenario in FR2), the UE might be facing issues with UL transmissions and the number of RLC retransmissions might be quite high. In this scenario, if the UE receives the HO command, the UE switches to the target cell and performs the random access and there it can include the RLC retransmission status as part of successful HO report. 
[bookmark: _Toc20767758]When UL coverage is poor, an expected deployment scenario of FR2, the UE might be trying to perform RLC retransmissions as part of the UL data transmission when the HO command is received. 
[bookmark: _Toc20767750]If the number of RLC retransmissions for UL data is greater than one when the UE receives the HO command, then the UE shall include the RLC retransmission status in successful HO report.

RRM related measurements
In addition to the RLM related parameters, the UE could also indicate certain RRM related measurements. The purpose of introducing CFRA in multiple beams was to consider that the UE might perceive a different SSB/CSI-RS to be the strongest beam at the time of sending the RA preamble to the target cell compared to sending the measurement report to the source cell. Therefore, the CFRA resource used might still be non-optimal due to UE mobility and this might result in sub-optimal initial data link performance in the target gNB.  This can be explained using the following figure.
The UE is connected to the left cell in the figure and it sends a measurement report in which it indicates that the right cell is stronger than the serving cell and the SSB-B1 is the strongest SSB from the target cell. When the UE receives the HO command from the serving cell, the UE has moved and now it perceives the SSB-B2 as the strongest beam. However, since the target cell has reserved CFRA in SSB-B1, the UE uses SSB-B1 to access the target cell as long as SSB-B1 is above the rsrp-SSBThreshold. If one now, assumes that SSB-B1, SSB-B2 and SSB-B3 are transmitted from three different TRPs of the same cell, then the beam management algorithms will get initialized in the wrong TRP. This might lead to poor radio performance in the target cell.
[bookmark: _Toc20767759]Due to mobility, the beams in which the CFRA is allocated might be sub-optimal when the actual random access is performed towards the target cell. 
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In such scenarios, the UE could include an indication as part of the successful HO report to indicate the best beam index and the UE shall trigger such a measurement report only when the CFRA is allocated only on those SSBs that are sub-optimal compared to the current best SSB.  
[bookmark: _Toc20767751]At the time of starting the RACH procedure, if the CFRA resources are not available towards the strongest SSB of the target cell, then the UE shall trigger the successful measurement report to the target cell indicating the strongest SSB of the target cell based on latest RRM measurements.

Successful HO report framework
The successful report availability indication can be included in the RRCReconfigurationComplete message to the target cell just like the availability of mobility history information or RACH report etc.
[bookmark: _Toc20767752]The UE indicates the availability of successful HO report in the RRCReconfigurationComplete message.

[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Toc12372239][bookmark: _Toc12372255][bookmark: _Toc12372266]In this contribution, the following observations were captured:
Observation 1	Low frequency deployments have large cell sizes and therefore there are many UEs connected to the cell which increases the rate at which RLF related information can be collected from the UEs.
Observation 2	The high frequency (FR2) deployments have much smaller cell size compared to FR1 deployments and thus it takes much longer to collect enough statistics in FR2 compared to FR1.
Observation 3	Collecting the same amount of statistics in FR2 takes much longer time than FR1 which in turn increases the probability of poor network configuration for a very long time in FR2 deployments.
Observation 4	Mobility in FR2 poses larger challenges compared to FR1 as the serving cell reference signal deterioration is much faster in FR2 compared to FR1.
Observation 5	The UE might receive a HO command when the T310 timer is running and in such a case, the UE stops T310 timer and starts the random access towards the target cell.
Observation 6	When UL coverage is poor, an expected deployment scenario of FR2, the UE might be trying to perform RLC retransmissions as part of the UL data transmission when the HO command is received.
Observation 7	Due to mobility, the beams in which the CFRA is allocated might be sub-optimal when the actual random access is performed towards the target cell.
In this contribution, the following proposals were captured:
Proposal 1	RAN2 supports successful handover reporting.
Proposal 2	If T310 timer was running when the UE receives the HO command, then the UE shall include the status of T310 in the successful HO report.
Proposal 3	If the number of RLC retransmissions for UL data is greater than one when the UE receives the HO command, then the UE shall include the RLC retransmission status in successful HO report.
Proposal 4	At the time of starting the RACH procedure, if the CFRA resources are not available towards the strongest SSB of the target cell, then the UE shall trigger the successful measurement report to the target cell indicating the strongest SSB of the target cell based on latest RRM measurements.
Proposal 5	The UE indicates the availability of successful HO report in the RRCReconfigurationComplete message.


[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref20309398][bookmark: _Ref473904283][bookmark: _Ref473730574][bookmark: _Ref461217229][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref465773067]R2-19xxxxx, Report on Email Discussion [107#45][ NR/SON]  RACH and Mobility Robustness Optimisation Checking, CATT (rapporteur), RAN2107bis meeting, Chongqing, China.

