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1. Introduction

Currently in the MAC specifications [1], it is clearly stated that a HARQ retransmission is cancelled if it collides with a measurement gap, and that the UE shall interpret a collision between DL feedback and a gap as a HARQ ACK.

However, there is no clear UE behavior with respect to a collision of a gap with the Random Access procedure, with an initial UL transmission and for HARQ UL feedback.
This contribution discusses different aspects of these issues.
2. Measurement gaps and uplink transmissions 
The current agreement is that the UE is always configured with a measurement gap pattern when inter-frequency or inter-RAT measurements need to be performed (i.e. when serving cell quality drops below a configured threshold). Measurement gaps are characterized by a gap length (6 ms or 8 ms) and by a gap period (40 ms or 120 ms).

The network may configure an active gap pattern using RRC when it configures the measurement, and when configured the gap is always activated. During these gaps, the UE cannot monitor PDCCH or any other downlink shared channels and the UE does not make any uplink transmissions on UL-SCH.

2.1. Collision with Random Access

The configured measurement gaps may slide in time with respect to the opportunities for random access; there is thus a possibility that the UE initiates a random access just before the start of a gap.

There is currently no specified UE behavior preventing a random access to be ongoing when a measurement gap starts.

When the UE send the RA Preamble, it monitors the PDCCH for a specific RA-RNTI for a RA Response during the RA window. If no RA Response with the correct RA-RNTI is received during the window, then the RA is not successful and the backoff parameter is updated.

Current proposals for possible configurable values for the parameter “RA response window size” include values in a range between 2 ms and 10 ms. Noting that the gap is at least 6 ms (or is 8 ms), this leaves little or no flexibility for the eNB scheduler to schedule the RA Reponse and for the UE to successfully complete the RA procedure, unless some UE behavior is specified.

For UEs in RRC connected, it is possible to have both contention-free (handover and time alignment) and contention-based random access; the latter case is possible in case the resource allocation of RA preambles gets exhausted for UEs in connected mode, as it can be expected that there could be more than 64 UEs connected in a loaded system.

In case of contention-free random access, the UE is already known by the eNB and thus the eNB could be relied upon to ensure that the RA response is received outside the measurement gap.
In the case of contention-based random access however, the eNB cannot know whether the RA response can collide with a measurement gap, unless again some UE behavior is specified.

The following UE behaviors are possible:

Alternative 1: the measurement gap has priority over the Random Access
In this case, the gap has priority over the random access and the UE does not listen to the PDCCH during the gap while there is an ongoing RA procedure.

As explained above, the RA response window size is expected to be relatively short compared to the gap length; this means that there can be cases where the RA access could fail due to a collision with a measurement gap.

Because the RA could be contention-based, it is not possible to simply extend the RA window size in case of a collision with a gap; the eNB does not always know what UE is making the RA access. Furthermore, it would be undesirable to specify different behaviors based on whether the RA is contention-based or not.

Alternative 2: the UE avoid making a Random Access if it can collide with a measurement gap
In this case, the UE verifies that the RA Response window or the reception/transmission of RA message 3 and 4 cannot fall within a gap before it initiates the random access, i.e. that the RA procedure cannot collide with the gap.

The drawback is that in case of collision, the UE might have to delay its random access until the next RA opportunity.

Alternative 3:  the random access has priority over the measurement gap
In this case, the measurement gap is cancelled if the UE initiates a random access and a collision can occur.

Alternative 4:  the measurement gap has priority over the RA, but RA message 3 has priority over the gap
In this case, the UE:

· verifies that the RA Response window does not coincide with a measurement gap before transmitting the RA preamble; and

· gives higher priority to the RA procedure (i.e. RA message 3 and 4) once it has transmitted a preamble.

Whether message 4 also has priority depends on what value is expected for the contention resolution timer; a small value would favor priority of message 4 over the measurement gap, otherwise the gap could have priority.

RAN2 should discuss whether UE behavior should be clarified in case of collisions between the random access procedure and measurement gaps, and if so, select one of the alternative 2, 3 or 4 above.

· we have a mild preference for alternative 4.
2.2. Measurement gaps and Dynamic Scheduling
During inter-frequency measurement gaps, the UE does not monitor PDCCH or any other downlink shared channel. This creates some overhead, where a number of subframes immediately before the gap cannot be used to schedule uplink transmissions, and a number of subframes immediately after the gap cannot be used for uplink transmissions.

More specifically, the implications of the current agreements is that the eNB cannot use PDCCH in the four subframes immediately before the beginning of the configured measurement gap to grant uplink resources to the UE, and the UE cannot make any uplink transmissions in the four subframes immediately after the end of the gap.
It is either up to the eNB to ensure that it does not grant resources to the UE before the beginning of the gap, alternatively the UE would ignore the grant received if it indicates an uplink resource that conflict with the gap.

For a 40 ms gap, the overhead is 25% of the gap period for which the UE cannot make any uplink transmission. 
RAN2 should discuss whether this is an issue that should be addressed or not.

· One possible alternative would be to allow the UE to perform uplink transmissions on UL-SCH even during the measurement gap, based on a UE capability. This could reduce the overhead back to 15%.
2.3. HARQ UL feedback for DL data
There is an agreement that the UE does not transmit on UL-SCH; however, the MAC specification should clearly state that the UE shall not either transmit HARQ UL feedback on PUCCH.

Alternatively, whether a UE sends HARQ UL feedback during a measurement could be bound to the same UE capability as for uplink transmission on UL-SCH discussed in section 2.2 above.
3. Conclusions
It is proposed that RAN2 discusses the above and determine whether additional UE behavior is needed or not to properly address the issue of collisions between measurement gaps and uplink transmissions.
4. References

[1] 3GPP TS 36.321 v8.2.0, “Medium Access Control (MAC) protocol specification (Release 8)”.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































