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1
Introduction

During RAN2#61, the following points were agreed:

1) No special handling is needed when UL HARQ retransmission collides with RACH resources. The underlying assumption for this decision was that the eNB should avoid such collision by transmitting an ACK on the P-HICH when it knows that UL HARQ retransmission will collide with RACH resources. When an UE receives an ACK, it suspends UL HARQ retransmission until it receives a PDCCH indicating retransmission.

2) UE should skip UL HARQ retransmission when it falls within a measurement gap. The UE resumes UL HARQ retransmission after the measurement gap with the same UL-SCH resources if no PDCCH is received (i.e. non-adaptive HARQ) or on different UL-SCH resources if PDCCH is received (i.e. adaptive HARQ).

However, there were no discussions on how to handle the case when the P-HICH timing falls within with a measurement gap. This contribution addresses this issue.
2
Discussion
General consideration
When the P-HICH subframe falls within the measurement gap, the UE cannot detect HARQ-Ack for the corresponding UL HARQ transmission (which is performed 4 subframes earlier than the P-HICH subframe), and there needs to be a rule defined in the specification. The two options are for the UE to interpret the P-HICH which falls within the measurement gap as an ACK and suspend the UL HARQ retransmission, or as a NACK and perform non-adaptive retransmission in the next UL HARQ retransmission timing.

The solution to interpret the P-HICH subframe which falls within a measurement gap as an ACK is ideal if the eNB succeeds to decode the corresponding UL HARQ transmission. If the eNB fails to decode the corresponding UL HARQ transmission on the other hand, a PDCCH is required at the next P-HICH / PDCCH timing to resume UL HARQ retransmission.

The solution to interpret the P-HICH subframe which falls within a measurement gap as a NACK is ideal if the eNB fails to decode the corresponding UL HARQ transmission. If the eNB succeeds to decode the corresponding UL HARQ transmission on the other hand, unnecessary UL HARQ retransmission will occur at the next UL HARQ retransmission timing.

Considering that the probability eNB succeeds to decode UL-SCH is higher than the probability it fails (expecting that 1st HARQ transmission BLER range is around 10%~50%), the approach where the UE interprets the P-HICH subframe which falls within a measurement gap as an ACK is preferable. In general, BS scheduler should not assign UL resource when PUSCH or P-HICH sub-frame for the 1st HARQ transmission falls within the measurement gap, implying that the expected BLER would be less than the above.
Collision avoidance between UL HARQ retransmission after measurement gap and RACH / semi-persistent resources
When the UL HARQ retransmission subframe falls within a measurement gap, the UE will skip this retransmission according to the agreement from RAN2#61 and just assume a NACK for the corresponding P-HICH (which follows 4 subframes after the UL HARQ retransmission subframe). The UE behaviour with regards to UL HARQ retransmission in the next RTT depends on whether the UE detects anything on the PDCCH at this timing of the P-HICH which it just assumes a NACK for:
(1) if the UE detects no PDCCH, it will just assume a NACK on the P-HICH and resume UL HARQ retransmission in the next RTT with the same resources (i.e. non-adaptive retransmission)
(2) if the UE detects PDCCH indicating retransmission, it will resume UL HARQ retransmission in the next RTT with the resources indicated by the PDCCH (i.e. adaptive retransmission).

eNB has full control of which of the above 2 behaviours it wants the UE to follow with the use of PDCCH.

However, if the corresponding P-HICH / PDCCH subframe also falls within the measurement gap, the UE will not detect the PDCCH at this timing and just assume a NACK according to the current TS 36.321, and resume UL HARQ retransmission in the next RTT with the same resources (i.e. non-adaptive retransmission). If the UL-SCH resources for this non-adaptive UL HARQ retransmission collide with RACH resources or semi-persistent initial HARQ transmission resources other UEs, performance will degraded. This is illustrated in Figure 1 (only collision with RACH is illustrated in Figure 1).
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Figure 1
In Figures 1-3, squares with blue, green and yellow lines show the transmission timing of UL HARQ, corresponding P-HICH / PDCCH and RACH, respectively. Furthermore, squares with bold line show where transmissions actually take place and squares with thin line show where transmissions do not take place.
In Figure 1, UL HARQ transmission at subframe#0 of SFN#0 is NACKed, but the next UL HARQ retransmission timing (subframe#8 of SFN#0) falls within the measurement gap and so the UE counts up the UL HARQ retransmission counter without transmitting on the UL-SCH resources. Then, the UE assumes a NACK on the corresponding P-HICH / PDCCH timing (subframe#2 of SFN#1), for which the eNB cannot overrule since this P-HICH / PDCCH timing also falls within the measurement gap. Then, in the next UL HARQ retransmission timing (subframe#6 of SFN#1), the UE performs UL HARQ retransmission and collision with RACH resources occur.

The collision illustrated in Figure 1 between UL HARQ retransmission and RACH can be avoided by the eNB transmitting an ACK at an earlier P-HICH / PDCCH timing as illustrated in Figure 2.
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Figure 2
In Figure 2, eNB transmits an ACK on the P-HICH at subframe#4 of SFN#0 even though it couldn’t successfully decode the transmission in subframe#0 of SFN#0 to avoid the collision at subframe#6 of SFN#1 illustrated in Figure 1. This eNB based collision avoidance solution is a sensible solution considering that both the UL HARQ retransmission timing and the corresponding P-HICH / PDCCH timing falls within the measurement gap as no useable UL HARQ retransmission occasion is wasted (although UL HARQ retransmission timing at subframe#8 of SFN#0 and subframe#6 of SFN#1 are not utilised, they are anyways not useable since the former falls within a measurement gap and the latter collides with RACH resources).

However, the measurement gap can only collide with the P-HICH timing as in Figure 3.
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Figure 3
In Figure 3, eNB transmits an ACK on the P-HICH at subframe#4 of SFN#0 even though it couldn’t successfully decode the transmission in subframe#0 of SFN#0 to avoid the collision at subframe#6 of SFN#1 illustrated in Figure 1. However, in this case, this eNB based collision avoidance solution does not seem sensible considering that a useable UL HARQ retransmission occasion is wasted at subframe#8 of SFN#0.

An alternative solution would be for the UE to interpret the HARQ-ACK on the P-HICH which falls within a measurement gap as an ACK. With such a solution, the eNB would not have to transmit an ACK in subframe#4 of SFN#0 as in Figure 3 to avoid collision, and the UL HARQ retransmission occasion at subframe#8 of SFN#0 can be utilized.
Proposal: It is proposed for the UE to interpret the HARQ-ACK on the P-HICH timing which falls within a measurement gap as an ACK.

3
Conclusion
This contribution addressed the handling of UL HARQ retransmissions when a P-HICH falls within a measurement gap and proposes the following:

Proposal: It is proposed for the UE to interpret the HARQ-ACK on the P-HICH timing which falls within a measurement gap as an ACK.
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