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1 Introduction
Agreements at RAN2#93:
· Global PREAMBLE_TRANSMISSION_COUNTER and per coverage level PREAMBLE_TRANSMISSION_COUNTER_CE are used for NB-IoT

· If we have power ramping (RAN1), Global PREAMBLE_TRANSMISSION_COUNTER is used to achieve power ramping for the received target preamble power

· MAC contention resolution timer for NB-IoT is configured per-CEL

· If the Contention Resolution is considered not successful the UE should continue in the same PRACH CE level to proceed to the transmission of preamble
In this paper we propose changes to the specification to clarify how a UE should act when the counter PREAMBLE_TRANSMISSION_COUNTER exceeds preambleTransMax. 
2 Discussion
It has been agreed to follow the legacy/eMTC design of the random access (RA) procedure for NB-IoT related to handling of the PREAMBLE_TRANSMISSION_COUNTER. 
According to the specification (36.321) for each CE  the following applies:
-
if NB-IoT or if the UE is a BL UE or a UE in enhanced coverage:
-
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax-CE + 1:

-
if the Random Access Preamble is transmitted on the SpCell:

-
indicate a Random Access problem to upper layers;
However, even though a notification is sent to higher layers indicating a problem with the current RACH process there is no function to stop the UE from continuing sending preambles, since continuing to read the text will eventually order the UE to:
-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).
There are multiple reasons for repeated RACH attempts. The reasons can vary over scenarios and network deployments. It is clear that some repetition is natural to cope with temporal variations in the coverage and congestion. However, in some cases the UE does not get access at all even after a high number of preamble repetitions, in which case the repeated preamble transmissions are just a waste of UE power causing extra interference. The reasons why the UE does not succeed after many attempts could be:

-
UL coverage and interference related problems leading to that the preambles are not heard by the eNB

-
DL interference related problems so that Msg2 cannot be received by the UE. For example, in a high load situation, there can be high inter-site interference. 

If the reason for the failed RA is network congestion only, then it would be possible to use existing means, i.e. ACB or back-off indicator (BI). However, the problem is that only some particular UEs suffer from bad radio conditions (interference and coverage). Applying e.g. ACB or BI would degrade the performance of all UEs.

Observation 1 After the counter preambleTransMax  is exceeded MAC will report to higher layers but the UE will continue sending preambles, which will increase the UE power consumption as well as the interference.


There are two different cases which require different actions depending on the reason for performing RACH. The first is when the UE is in RRC_IDLE when attempting to access the system. In this case the UE has data to send so a simple abortion of the RACH process is not very helpful (although this would lead to reduced power consumption). Aborting the RA process for a UE in RRC_IDLE could be considered, however, this would inevitably result in that the UE after a period of time starts a new RA attempt. As a result the transmission of data is delayed.
A UE that is RRC_CONNECTED may initiate a RACH procedure for several different reasons. However, in all different cases a likely outcome of not being able to successfully complete a RA process is that the UE ends up with RLF. The RA process is monitored by timers; in some cases quite long timers. As result the UE may spend long periods of time trying to get access, which is not good for optimal power consumption. Also, transmission of data is delayed until the next RA process is successful.
Observation 2 A UE in RRC_IDLE will most likely restart the RA process if the process is aborted when preambleTransMax is exceeded, since there is data to send.
Observation 3 A UE in RRC_CONNETCED may initiate a RA process for several different reasons. Failed RA will eventually result in a radio link failure (after which the UE will start a new RA attempt but from RRC_IDLE).
Observation 4 RA is monitored by (quite long) timers which result in that a UE may end up trying to get access for long periods of time.
With these observations in mind we propose that the text in 36.321 is updated, clearly stating what a UE should do when the maximum number of transmissions is exceeded. In order to overcome the disadvantages with simply aborting a RA process (primarily delayed data transmission), the UE should be allowed to send preambles, however only after a delay. . The RA waiting time could be configurable by the network.
Proposal 1 Clarify in the MAC specification what actions the UE should take when the number of preamble attempts exceeds preambleTransMax.
Proposal 2 When the UE has transmitted the preamble more than preambleTransMax times the UE shall delay each subsequent preamble transmission attempt by a configurable time.
3 Stage 3 text proposal

The following is proposed to be included in 36.321. 
5.1.1
Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order or by the MAC sublayer itself. Random Access procedure on an SCell shall only be initiated by a PDCCH order. If a UE receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, and for a specific Serving Cell, the UE shall initiate a Random Access procedure on this Serving Cell. For Random Access on the PCell a PDCCH order or RRC optionally indicate the ra-PreambleIndex and the ra-PRACH-MaskIndex; and for Random Access on an SCell, the PDCCH order indicates the ra-PreambleIndex with a value different from 000000 and the ra-PRACH-MaskIndex. For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for PCell.
Before the procedure can be initiated, the following information for related Serving Cell is assumed to be available [8]:

-
the available set of PRACH resources for the transmission of the Random Access Preamble, prach-ConfigIndex.

-
the groups of Random Access Preambles and the set of available Random Access Preambles in each group (PCell only):


The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters numberOfRA-Preambles and sizeOfRA-PreamblesGroupA:


If sizeOfRA-PreamblesGroupA is equal to numberOfRA-Preambles then there is no Random Access Preambles group B. The preambles in Random Access Preamble group A are the preambles 0 to sizeOfRA-PreamblesGroupA – 1 and, if it exists, the preambles in Random Access Preamble group B are the preambles sizeOfRA-PreamblesGroupA to numberOfRA-Preambles – 1 from the set of 64 preambles as defined in [7].

-
if Random Access Preambles group B exists, the thresholds, messagePowerOffsetGroupB and messageSizeGroupA, the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10], and the offset between the preamble and Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles (PCell only).

-
the RA response window size ra-ResponseWindowSize.

-
the power-ramping factor powerRampingStep.

-
the maximum number of preamble transmission preambleTransMax.

-
the initial preamble power preambleInitialReceivedTargetPower.

-
the preamble format based offset DELTA_PREAMBLE (see subclause 7.6).

-
the maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx (PCell only).
-
the Contention Resolution Timer mac-ContentionResolutionTimer (PCell only).

-
the delay preambleTransMaxDelay (if NB-IoT).
NOTE:
The above parameters may be updated from upper layers before each Random Access procedure is initiated.

The Random Access procedure shall be performed as follows:

-
Flush the Msg3 buffer;

-
set the PREAMBLE_TRANSMISSION_COUNTER to 1;

-
set the backoff parameter value in the UE to 0 ms;

-
for the RN, suspend any RN subframe configuration; 

-
proceed to the selection of the Random Access Resource (see subclause 5.1.2).

NOTE:
There is only one Random Access procedure ongoing at any point in time. If the UE receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.

5.1.2
Random Access Resource selection

The Random Access Resource selection procedure shall be performed as follows:

-
If ra-PreambleIndex (Random Access Preamble) and ra-PRACH-MaskIndex (PRACH Mask Index) have been explicitly signalled and ra-PreambleIndex is not 000000:

-
the Random Access Preamble and the PRACH Mask Index are those explicitly signalled.

-
else the Random Access Preamble shall be selected by the UE as follows:

-
if NB-IoT and PREAMBLE_TRANSMISSION_COUNTER > preambleTransMax
-
wait for preambleTransMaxDelay before proceeding. 

-
If Msg3 has not yet been transmitted, the UE shall:

-
if Random Access Preambles group B exists and if the potential message size (data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupA and if the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB, then:

-
select the Random Access Preambles group B;

-
else:

-
select the Random Access Preambles group A.

-
else, if Msg3 is being retransmitted, the UE shall:

-
select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.

-
randomly select a Random Access Preamble within the selected group. The random function shall be such that each of the allowed selections can be chosen with equal probability;

-
set PRACH Mask Index to 0.

-
determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex, the PRACH Mask Index (see subclause 7.3) and physical layer timing requirements [2]  (a UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe);

-
if the transmission mode is TDD and the PRACH Mask Index is equal to zero:

-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe.

-
else:

-
randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe and the next two consecutive subframes.

-
else:

-
determine a PRACH within the determined subframe in accordance with the requirements of the PRACH Mask Index.

-
proceed to the transmission of the Random Access Preamble (see subclause 5.1.3).

4 Conclusion

In section 2 we made the following observations:

Observation 1
After the counter preambleTransMax  is exceeded MAC will report to higher layers but the UE will continue sending preambles, which will increase the UE power consumption as well as the interference.
Observation 2
A UE in RRC_IDLE will most likely restart the RA process if the process is aborted when preambleTransMax is exceeded, since there is data to send.
Observation 3
A UE in RRC_CONNETCED may initiate a RA process for several different reasons. Failed RA will eventually result in a radio link failure (after which the UE will start a new RA attempt but from RRC_IDLE).
Observation 4
RA is monitored by (quite long) timers which result in that a UE may end up trying to get access for long periods of time.


Based on the discussion in section 2 we propose the following:

Proposal 1
Clarify in the MAC specification what actions the UE should take when the number of preamble attempts exceeds preambleTransMax.
Proposal 2
When the UE has transmitted the preamble more than preambleTransMax times the UE shall delay each subsequent preamble transmission attempt by a configurable time.
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