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1. Introduction

This contribution addresses MAC handling of measurements gaps and uplink transmissions in TS 36.321 [1]. In particular, collisions between gaps and the random access (RA) procedure are addressed, as well as collisions with scheduling requests in general (D-SR and RA-SR).
We argue that in general if a SR is triggered because the UE needs to send a measurement report, the SR should have priority over the measurement; otherwise, the UE performs the measurement.

More specifically, we propose that when measurements are configured, if the UE needs to send a measurement report (i.e. SR is triggered because new data is available for transmission for a SRB) and the RA opportunity or the D-SR opportunity collides with a measurement gap, the transmission of the SR should have priority; otherwise, the UE performs the measurement.

The following sections provide details on our reasoning, and the attached CR includes a text proposal to TS 36.321. The appendix present some updated background recovered from R2-083355.
2. Collision between SR transmission (RA-SR, D-SR) and Gaps
A collision between the random access and a measurement gap can only occur for a MAC initiated random access (contention-free or contention-based), i.e. when Scheduling Request is triggered and the UE does not have any dedicated PUCCH resources (D-SR), the UE performs RA-SR.

One possible problem is in case the UE performs measurements, and at least the next SR opportunity (either RA-SR or D-SR) collides with another gap. The reporting may be delayed beyond an acceptable delay limit, which could in the worst case lead to the mobile beyond forced to go back to RRC_IDLE (dropping the connection).

In other words, UE measurement performance at cell edge could be negatively impaired, as measurements could be either not transmitted or not performed. The same issue applies in case of RA-SR or D-SR. 

Another issue is that currently (TS 36.321 v8.2.0), gaps have priority over HARQ; a collision between the gap and feedback on PHICH means that the HARQ process is suspended. For the random access, MSG3 uses HARQ and for a contention-based RA, this implies that the RA fails in case of a collision between a HARQ transmission and a gap.

As explained above, in general if a SR is triggered because the UE needs to send a measurement report, the SR should have priority over the measurement; otherwise, the UE performs the measurement.

More specifically, we propose that when measurements are configured, if the UE needs to send a measurement report (i.e. SR is triggered because new data is available for transmission for a SRB) and the RA opportunity or the D-SR opportunity collides with a measurement gap, the transmission of the SR should have priority; otherwise, the UE performs the measurement.

Proposal:
If the SR is triggered because data has become available for transmission for a SRB, the UE shall prioritize the SR transmission (either D-SR or RA-SR) over a measurement gap until the procedure to transmit the SR is completed (i.e. either reception of a UL grant for transmission of new data in case of D-SR, or successful completion of the RA procedure)
3. Conclusion
It is proposed that RAN2 discusses the above proposal and agrees on the text proposal in the attached draft CR.
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5. Appendix – Background and Alternative Solutions
5.1. Background on Measurement Gaps

The UE is configured with a measurement gap pattern (gapPattern) 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) [7] and by a gap period (40 ms or 80 ms). The gap consists of a multiple number of subframes and should be aligned with DL subframe timing in the UE [7].
The network may configure an active gap pattern using RRC when it configures the measurement, and when configured the gap is always activated [2].

5.2. UE behavior for transmissions overlapping with a measurement gap

During the measurement gaps, the UE cannot monitor PDCCH or any other downlink shared channels (i.e. PHICH, BCH and PCH), i.e.:

· The UE cannot receive any transmissions on DL-PUSCH;

· The UE cannot receive DL HARQ feedback on PHICH;

R2-083059 [7] describes RAN1’s understanding of the UE behavior for uplink transmissions overlapping with the measurement gap, in particular that no SR transmissions can be performed on PUCCH during a measurement gap.  

Currently in the MAC specifications [1], the UE behavior for PRACH and the random access procedure when collisions occur with a gap are unspecified, and it was agreed during RAN2#62bis that this case should be specified.

5.3. Measurement Reports

When the UE is in RRC_CONNECTED, the network can configure the UE to perform measurement reporting using measurement gaps. The network can then initiate UE mobility in response to a MeasurementReport message by sending a MobilityFromEUTRACommand message. The network provides the measurement configuration by means of dedicated signaling (on a signaling radio bearer) [2].

When a measurement was triggered and the UE has performed the required measurement during the gap, the UE assembles a measurement report and submit the MEASUREMENT REPORT message to lower layers for transmission on a Signaling Radio Bearer (SRB) [2]. The MeasurementReport message is used for the indication of measurement results and is sent over SRB1.
· Unnecessary delay of the transmission of the measurement report can impact system performance.

New data becoming available on a SRB1 is likely to trigger a BSR, and consequently a SR as well in case the UE does not have any uplink resource allocated in that subframe.

· Unnecessary delay of the SR transmission after measurement can impact system performance.

For SR, the UE use the assigned PUCCH resources (D-SR), otherwise the UE will perform the random access procedure (RA-SR). Note that even if the UE is in RRC_CONNECTED, the RA-SR may be contention-based in case there is large number of UEs in the cell and there is not enough dedicated preambles for all those UEs.
5.4. Random Access (PRACH transmissions) and Measurement Gaps

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, or that a gap would overlap with the RA response window.

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 Response 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.

5.5. Possible UE behavior in case of collisions

The following UE behaviors are possible with respect to Random Access. Note: the drawbacks are the same in case of D-SR transmission and collision with a gap

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.

· Drawback is that in case of collision, the UE might have to delay its RA-SR until the next RA opportunity.

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.

· Drawback is that in case of collision, the UE might have to delay its RA-SR until the next RA opportunity.

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

· Drawback is that in case of collision, the UE might delay the measurement in case SR is triggered by user-plane data.

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.

· Drawback is that in case of collision, the UE might have to delay its RA-SR until the next RA opportunity.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































