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1 Introduction
When a UE in RRC connected mode goes from “out-of-UL-sync” to “UL-sync”, there may be a delay until the network configures any D-SR resource for the UE. The UE may request UL data resources in the mean time by triggering a random access procedure before this configuration takes place. This may cause unnecessary random access procedures to be performed.
This contribution discusses whether there is a need to introduce a mechanism to avoid unnecessary random access procedures to be performed when the UE goes from “out-of-UL-sync” to “UL-sync” in RRC connected mode.

2 Discussion
2.1 Causes for triggering random access procedures
When the UE is moving from out-of-UL-sync to UL-sync state in RRC connected mode, the following sequence of events takes place until it receives a D-SR resource:
1. The UE or the network initiates the random access procedure to move the UE to UL-sync state.

2. When this random access procedure is successfully completed, the UE is in UL-sync state.

3. The network transmits an RRC Connection Reconfiguration message, which includes the D-SR resource.

4. The UE receives the RRC Connection Reconfiguration message.

5. The UE performs the following actions (not necessarily in the given order):
a) The UE transmits an RLC acknowledgement for the RRC message. It may be necessary for the UE to request new UL resources for this transmission, using either a D-SR or a random access procedure.
b) The UE applies the new D-SR resource that was received in the RRC message.
Note that the UE cannot control when (a) happens because the RLC acknowledgement is controlled by the RLC protocol.

6. The UE transmits the RRC Connection Reconfiguration Complete message.

From step 2 to step 5, including the substeps in 5, there may be cases where the UE requests new UL resources from the network using additional random access procedure.

Depending on the current load in the network there may be a delay until the network transmits the RRC Connection Reconfiguration message, which includes the SR resource, and depending on the UE implementation there may also be a delay until this RRC message is processed and applied (up to 15 ms). During this period, until the SR resource is applied by the UE, the UE may trigger a random access procedure for new UL data. The cases when this may happen can for instance be:

A. When the UE receives the RRC Connection Reconfiguration message including an SR configuration, it may need to transmit an RLC acknowledgement before it applies the SR resource, and this may trigger a random access procedure for new UL transmission.

B. When the UE is ordered by the eNB to go to UL-sync state due to DL data transmission, there may be a need for the UE to trigger an additional random access procedure for UL data transmission due to a resulting RLC or TCP acknowledgement triggered by the DL data transmission.
C. Before the UE applies the received SR configuration, it may receive new UL data which may trigger a random access procedure for UL transmission.

2.2 The Problem
Triggering an unnecessary random access procedure is not efficient, and it causes extra power consumption for the UE and increased RACH load for the eNB as well as interference.

Observation 1: Triggering unnecessary random access procedures before the SR is received and applied causes unnecessary UE power consumption in addition to increased RACH load in the network and interference.
The eNB may in some cases be able to schedule the UE in such a way that no unnecessary random access procedure is triggered until the UE receives its SR resource. For some of the cases listed above (A to C) in section 2.1, the eNB may avoid triggering unnecessary random access procedures by implementing a scheduling policy, as specified below:
· Case A: the eNB could avoid polling the UE for an RLC acknowledgement too soon after it sends the RRC Connection Reconfiguration message.

· Case B: the eNB could schedule the UE in such a way that there will be no UL feedback until the UE receives its SR resource. This can be done by initially limiting the amount of DL scheduling. However, implementing such restrictive DL scheduling may cause some additional latency in the initial DL throughput.

· Case C: the eNB can not prohibit the UE to trigger a random access in this case.
As it can be seen in the above analysis, it may in some cases be possible to avoid unnecessary random access procedures until the SR is configured by the UE. However, for case C this is not possible, and avoiding an unnecessary random access procedure for case B requires a scheduling policy that may not be optimal for DL throughput. In case A, delaying the RLC acknowledgement for the RRC Connection Reconfiguration message may require the UE to be polled later with an additional DL message, which may cause some degradation in performance.
Observation 2: In the current standard, unnecessary random access procedures may be triggered when the UE moves from out-of-UL-sync to UL-sync state when in RRC connected mode.
There are also cases when the eNB has no SR resources available to assign, and this may happen in high load situations where many UEs need to access the eNB within a short time period. In these cases the UE may not receive an SR resource for some time, and during this period it is important that the UE does not trigger random access procedures too frequently, since it may overload the eNB and/or block the RACH channel. This is in particular important in cases where there is already a high load in the system, which is often the case if a UE is not assigned an SR resource.
Observation 3: For high load scenarios the UE may not be assigned an SR resource immediately when going into UL-sync, and it is important that such a UE does not trigger new random access procedures too frequently.
Even if there is not a high load in the system the eNB may need to optimize the use of SR resources and only allocate these resources when needed. If, for instance, the UE gets into UL-sync state only to perform an RRC procedure, then the eNB may consider that an SR resource is not needed at this time since it is unlikely for other traffic to start at this time. When the UE eventually starts to handle the traffic, the eNB can assign an SR resource to the UE at that point in time, and until the eNB assigns this SR resource there is a transition period where unnecessary random access procedures may be triggered.
Observation 4: To optimize the allocation of SR resources within an eNB, it may be beneficial to allocate SR resources only when needed. This may result in unnecessary random access procedures when traffic is started and the SR resource has not yet been applied by the UE.
Based on this analysis we believe that there is a need to introduce a mechanism in the standard to avoid unnecessary random access procedures to be triggered.
2.3 How to avoid unnecessary Random Accesses

To ensure that no unnecessary random access procedure is triggered there may be a need to introduce additional mechanisms to prevent such random access procedures for new UL data in certain cases. A list of proposals is given below:
1. The UE should not trigger a random access procedure for new UL data for some time after it completes a random access procedure.

2. The UE should not trigger a random access procedure for new UL data for some time after the timeAlignmentTimer has been started, but not restarted (since we only need this behaviour in relation to random access and not for any timing advance command).

Using a timer to avoid a random access procedure for new UL data has the advantage that all possible cases of avoiding unnecessary random accesses for new UL data can be handled, and therefore we think that one of these alternatives should be introduced in the standard to ensure that no unnecessary random accesses is performed when the UE moves into UL-sync state. We further think that alternative 1 has the advantage that it prevents random accesses in the transition period until the UE receives its SR resource, while alternative 2 is not mapped exactly to this transition period.
In addition, latency will not necessarily increase when delaying a random access procedure for transmitting new UL data, because the time to perform this additional random access procedure will also cause an extra delay in the UL/DL data transmission. Therefore, ensuring that the UE does not trigger a new random access procedure immediately after it has completed a previous random access procedure would be beneficial for the overall system performance.

Observation 5: To ensure that no unnecessary random access procedure is performed, the UE should not trigger a new random access procedure for new UL data until a certain time period after it has completed a random access procedure.
3 Conclusion
To avoid that the UE initiates unnecessary random access procedures, we propose to introduce a random access prohibit timer that is used to inhibit random access procedures for new UL scheduling resources until a certain minimum time period has passed since the most recent random access procedure has been completed.
Proposal 1: The UE starts a random access prohibit timer when it successfully completes a random access procedure, and while the timer is running it shall not trigger a random access procedure for requesting new UL scheduling resources.

Note that once the UE has applied its SR resource, the UE will be able to send an SR even if the prohibit timer is running, because this timer only prevents random access procedures. To be backwards compatible, we suggest that the random access prohibit timer is configured by RRC. Hence we propose:
Proposal 2: The random access prohibit timer is configured as a MAC related RRC parameter.
The allowed duration values for the random access prohibit timer can be further discussed, but we expect that a typical value would be in the range of: 20 to 100 ms.
See also CR proposals for MAC ([1]) and RRC ([2]).
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