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1 Introduction

In last RAN3 #63bis meeting, a refinement on scope and requirements of RACH optimisation was agreed and captured in [1]. UE-based measurements were identified as necessary input to evaluate RACH channel performance.

This contribution analyses the possible measurements on RACH in UEs and the potential usage from these measurements. This contribution also gives the definition of these UE-based RACH measurements, and proposes to capture the definitions in 36.314, [2].
2 Discussion
UE could record and measurement some counters and measurements to help eNB optimize the RACH configuration parameters in a cell. The possible measurements in UE during random access are listed here for discussion.
1) UE attempting times per successful random access

When a UE attempts to access network through contention-based way, the random access procedure is considered failure by the UE in case receiving no or unmatched random access response and contention resolution failure. In that two cases, the PREAMBLE_TRANSMISSION_COUNTER in UE will be increased by 1, which means that the random access fail one more time, [3]. 
This counter in UE MAC also indicates that how many times UE has attempted before UE access network successfully. And it’s the direct view of RACH performance. Too many attempting times usually mean bad RACH performance and user experience. It is necessary for UE to report this counter to eNB after each successful random access to enable eNB to optimise the power parameters of RACH, or PRACH resource allocation. This measurement should be reported per successful random access per UE.

The possible usage of this measurement is described here as an example to help understanding. ENB is expected to evaluate the average value of the measurements reported from all UEs in a cell. In case RACH load is low, and the average attempt times in a cell is high to the pre-configured threshold, it means the initial Tx power of preamble was set too low. In case RACH load is high, and the average attempt times in a cell is high to the pre-configured threshold, it means additional PRACH resource should be allocated to that cell.
2) Contention resolution failure times
As a “normal error” case, it is expected that UE may transmit the preamble with power as low as possible, which would result in no response. However at high load of RACH, the reason for multiple attempts may be different, and for this case changing the power ramping behaviour may be not reasonable before identifying the reason. Thus this measurement is useful for eNB to distinguish the different reasons of multiple attempts. This measurement could be indicated per successful random access.
An example scenario is shown here to help understanding the usage of this measurement.
For a cell where there is a problem of (too) many RACH attempts per successful RACH, corrective optimisation action need to be determined. Two main cases are clarified here: 

Case1: If RACH problems typically occur at all load conditions (also at low load) when there are no contention problem, it is conclued that either the cell shadowing is very complex and/or UE open loop power control is the problem and that it is needed either to increase the initial power, or to change the power ramping.

Case 2: If the problem typically only occurs at high load while observing contention, then it is concluded  that it is needed to increase the number of PRACH resources or change RRM algorithms too make less use of RACH (e.g. keep UEs synchronized). 

From above analysis, it is concluded that the usage of knowing for a RACH failed access, if there was contention or not is to be able to discriminate between case 1 and case 2 and choose the appropriate corrective optimization action. 

3) Pathloss estimate
RACH performance may be different in different parts of cell. As UE anyway calculates a pathloss estimate for open loop power control it seems suitable to use this as “location” information. This measurement also could be used to optimize parameters for Group A, Group B division and associated UL grant for Msg 3. 
Based on UE pathloss estimate and UE data available for transmission (+ MAC overhead) (see item 4)), and with the help of parameters PCMAX, preambleInitialReceivedTargetPower, deltaPreambleMsg3, messagePowerOffsetGroupB the UE selects preamble group A or preamble group B. In order to properly tune and understand the selection for group A and group B in a cell it is important to know in detail the criteria that the UE uses, thus it is important to know UE pathloss estimate and UE data available for transmission (+MAC overhead). Based on UE pathloss estimate the UE determines the transmit power, ref [4]. Thus to tune power settings it is important to know the pathloss estimate. 
Furthermore, for problematic cells, it is interesting to know where in the cell problems occur. If e.g. pathloss estimates are unexpectedly high, a possible reason for problems could be that the coverage of this cell extends beyond planned, possibly due to problems in other cells.

4) Data available for transmission 

The “data available for transmission” used in RACH group A/B determination should be indicated. This measurement is used to optimize the UL grant size associated with group B (for Rel-8 this is expected to be fairly static). 
The reason to report UE data available for transmission would be to know better how to set parameter messagesizegroupA, e.g. to know if it would be possible or useful to change to another setting. Another reason is to acquire knowledge as how to set the UL grant resource allocation for Msg3 when UE chooses group B. 
5) Total Access Time

Total access time is the time UE consumed in a successful random access. The average of access time on RACH in a cell could be a factor to evaluate the RACH performance. If total access times are too long then maybe PRACH resources need to be added (overall). This measurement is started at the time when UE finish the random access resource selection procedure and is ready to instruct the command to physical layer. The timing is stopped when the random access procedure successfully completed.
This measurement could be used to optimize the contention resolution timer, max attempt times of random access. Note that this could be done in the pre-condition that not reducing the random access successful rate. That means in case the random access successful rate is stable, the total time spending on random access should be kept as short as possible.  
6) Backoff times

In order to correctly interpret very large values in total access time, UE should also report Backoff times that were used during the procedure. 

Backoff times are the time UE has been delayed by network backoff control mechanism in a random access procedure. This measurement should be considered together with the measurement of total access time to evaluate the actual time UE spent on a random access accurately.
3 Conclusion and Proposal
It is proposed to discuss the possible UE-based measurements for RACH optimisation. 
If it is agreed, it is proposed LS RAN2 to specify the measurements in the TS [2].
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