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1 Introduction
During RAN2#101 meeting it was discussed whether the UE is required to update the PH value in MSG3 when random access fails [1-3]. The general understanding was that this is the desired behaviour, but that the 36.321 specification is not clear about that aspect.
A possible way forward is discussed further in this contribution.

2 Background

Random access and contention resolution
The UE is required to flush the MSG3 buffer when:

· random access is initialized (section 5.1.1 in 36.321)

· MAC is reset (section 5.9 in 36.321)

· a timeAlignmentTimer expires (section 5.2 in 36.321)
The UE is required to flush the HARQ buffer when:

· contention resolution fails (section 5.1.5 in 36.321)

· random access procedure is completed (section 5.1.6 in 36.321)

The UE initiates the random access procedure by sending the Random Access (RA) message, i.e. selected preamble on NPRACH, and subsequently monitors the NPDCCH using RA-RNTI in the RA response window. If the UE does not receive a Random Access Response (RAR) message the enhanced coverage level is incremented (CE level ramping) and the RA message is re-transmitted, otherwise the random access fails when maxNumPreambleAttemptCE is exceeded.. The number of preamble repetitions and preamble received target power is dependent on the selected enhanced coverage level. The initial selected enhanced coverage level is dependent on the measured NRSRP and the configured RSRP-ThresholdsPrachInfoList in system information. In NB-IoT there are enhanced coverage level 0, 1 and 2, as used in 36.321. During congestion periods the eNB can backoff the UE in the RAR message with a Backoff Indicator up to 524288 ms in NB-IoT. The random access procedure, including contention resolution, is depicted in the figure below.
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When the UE receives a valid RAR message the UE stores the MAC PDU in the MSG3 buffer, as specified in section 5.1.4 in 36.321, and continues with the contention resolution. The contention resolution is resolved after the UE has included a randomValue IE in InitialUE-Identity IE in MSG3 PDU (e.g. RRCConnectionRequest-NB message), and the eNB replies with matching Contention Resolution Identity included in the MAC control element in MSG4.
Description of the problem
When random access and/or contention resolution fails, and the UE has a stored MSG3 the UE is not required to flush the MSG3 buffer:

Observation 1: UE is not required to flush the MSG3 buffer when random access or contention resolution fails.
In case the UE does not flush the MSG3 buffer, this implies that the UE does not build a new MSG3 including an updated DPR MAC control element. Thus when the MSG3 buffer is not flushed the UE sends the same PH and DV value in the DPR MAC control element: 

Observation 2: If the MSG3 buffer is not flushed the UE re-transmits the same PH and DV value in the DPR MAC control element in MSG3.
The PH value indicates the difference between the estimated required uplink power (NPUSCH uplink power with a single subcarrier) and the maximum UE output power in the cell (p-Max). When the UE reports a positive value the UE has power left, i.e. is not transmitting at its maximum power. When the UE reports a negative value the UE is transmitting at its maximum power. The DPR MAC control element contains 2 bits for the PH value, i.e. four different power headroom levels can be reported. The power headroom mapping tables, i.e. how to map the PH value to the DPR codepoint, is specified in 36.133, and a different mapping table is defined for enhanced coverage level 0, and enhanced coverage level other then 0: 

Table 9.1.23.3-1: Power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure [17]
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 ( PH ( 5

	POWER_HEADROOM_1
	5 ( PH ( 8

	POWER_HEADROOM_2
	8 ( PH ( 11

	POWER_HEADROOM_3
	PH ≥ 11


Table 9.1.23.3-2: NB-IOT power headroom report mapping in enhanced coverage when the enhanced coverage level other than 0 is selected during random access procedure [17]
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


When the random access fails, i.e. UE does not receive a RAR message, and the UE has transmitted the maximum number of preambles (maxNumPreambleAttemptCE) then the UE increases the enhanced coverage level (“CE level ramping”), as specified in section 5.1.4 in 36.321:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

-
increment PREAMBLE_TRANSMISSION_COUNTER_CE by 1;
-
if PREAMBLE_TRANSMISSION_COUNTER_CE = maxNumPreambleAttemptCE for the corresponding enhanced coverage level + 1:

-
reset PREAMBLE_TRANSMISSION_COUNTER_CE;

-
consider to be in the next enhanced coverage level, if it is supported by the Serving Cell and the UE, otherwise stay in the current enhanced coverage level; 
In case the UE started in enhanced coverage level 0 (i.e. “good” coverage), and increases the enhanced coverage level because random access failed, then the UE should update the PH value, because a different mapping table is used:
Observation 3: When the UE increases enhanced coverage level from 0 to 1 the UE should update the PH value because a different mapping table should be used.

For example, let’s assume that the UE calculates a PH value of 4 dB and thus selects POWER_HEADROOM_0 when in enhanced coverage level 0. The RA fails, the UE increases to enhanced coverage level 1, and selects a preamble associated with level 1. In that case the eNB interprets the reported PH value of the UE to be 54 ( PH ( -10, while it is 4. 
Thus when the UE starts in level 0, and increases the enhanced coverage level during random access, then the UE reports a (much) worse PH value to the eNB when MSG3 buffer is not flushed. This in turn means that the eNB will assign too many resources to the UE (e.g. power, repetitions, etc):
Observation 4: Resources are wasted when the UE does not flush MSG3 buffer and increases the enhanced coverage level from 0 to 1.

The random access procedure in NB-IoT can take some time (order of seconds), especially in case of CE level ramping, which means that the radio conditions may have changed as well (either due to UE mobility or changes in the environment). In this case the PH value may be improved or deteriorated: 
Observation 5: The PH value during random access may have changed when there is CE level ramping and/or contention resolution failure.
The DV value may also change when there is CE level ramping and/or contention resolution failure. This probability is expected to be low, i.e. NB-IOT has little data to send, i.e. it is unlikely that even more data becomes available when the UE has data to be send:
Observation 6: The DV value during random access may have changed when there is CE level ramping and/or contention resolution failure.
3 Discussion
Based on the description of the problem in chapter 2 it is proposed to clarify the desired UE behaviour from REL-13. However there can already be UE implementations out in the field that do not support this clarification, i.e. that do not update the PH value, i.e. this behaviour cannot be mandated from REL-13:
Proposal 1: Clarify in REL-13 that the NB-IoT UE should update the PH value when RAR is not received or contention resolution fails.
It is proposed to mandate the desired behaviour from REL-14:

Proposal 2: Clarify in REL-14 that the NB-IoT UE shall update the PH value when RAR is not received.

In our view there is not a high probability that the DV value is changed when RAR is not received, due to the low traffic intensity in NB-IoT. However when a clarification for the PH value update is agreeable it makes sense to update the PH and DV value together, i.e. update the DPR MAC control element: 

Proposal 3: NB-IoT UE shall update both PH and DV value when RAR is not received.

CRs to 36.321 are provided for discussion and agreement [4-6].

4 Summary

RAN2 is kindly asked to discuss the way forward with PH update when random access fails:

Proposal 1: Clarify in REL-13 that the NB-IoT UE should update the PH value when RAR is not received or contention resolution fails.

Proposal 2: Clarify in REL-14 that the NB-IoT UE shall update the PH value when RAR is not received.

Proposal 3: NB-IoT UE shall update both PH and DV value when RAR is not received.
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