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Introduction

This document focuses on the inter-frequency and inter-RAT measurements to be performed by LTE UE.  It is assumed that the minimum capability of LTE UE will not mandate the presence of simultaneous reception of the radio signal from LTE and from other systems.
Discussion

The current working assumption in RAN2 is that inter-frequency and inter-RAT measurements will be possible during scheduled "measurement gaps" [5].

RAN2 has already discussed [2], [4] how to schedule gap for the purpose of inter-frequency and inter-RAT measurements.  It is appropriate to discuss the general principles in the joint meeting between RAN1 and RAN2 to ensure that the work in the two groups is harmonized in this area.
In the case of intra-frequency measurements, there should be no conflict between measurement and data reception even if the LTE UE has only a single receiver.  For inter-frequency and inter-RAT measurements, however, the UE needs a way of securing opportunities to tune away from the downlink without missing scheduled data—essentially the role filled today by compressed mode.  However, the static scheduling of compressed mode is lacking in flexibility and poorly suited to an all-PS system with scheduled data and short TTIs.  Thus, it seems necessary to replace compressed mode in the E-UTRAN with a different way of scheduling measurements.  

To avoid data loss, the E-UTRAN and the LTE UE needs to agree on the timing of a “gap” during which no downlink data will be scheduled for this UE.  This synchronisation procedure needs to have the lowest latency possible to minimise data queuing in the network, which suggests using physical-layer signalling.

There are two main solutions to this problem:

1. Network directed scheduling gaps

2. UE requested scheduling gaps

In the first approach the network side would determine when the UE should perform inter-RAT and inter-frequency measurements.  The Node B would have to assign gaps without taking into account the UE capabilities, which may not be known to the E-Node B (if the E-RRC is terminated in the Anchor).  Even if the Node B is aware of the UE capabilities it may not know if the UE has already performed enough measurements on its own (see below).

In the second approach, the UE would request a measurement gap to the network and the network would grant or deny the request.  If the UE is operating with a very bursty traffic, it may never request a gap, since it may have enough time to perform the required measurements when not in active communication.  This solution can reduce the amount of gaps since the UE would only request such gaps when it needs to perform measurements in order to meet the measurement performance requirements.  

Conclusion

Discussions are invited on whether the network directed or UE requested approach should be selected for LTE.  In addition, the opinion of RAN1 is invited on the following areas:
· Can measurement gaps be requested and scheduled using the channels used to report channel quality and to schedule resources or new channels are deemed to be necessary?
· Should the length of the gap measurements be limited to avoid loss of time synchronization between UE and eNode B?  What would affect this limit?

Appendix – UE requested scheduling gaps, an example
Figure 1 shows an approximate signalling flow for scheduling a measurement gap using MAC signalling.  The UE sends a CQI report that “requests” a measurement gap (e.g. using a reserved value for the CQI); the E-UTRAN, after transmitting any data that may already be scheduled for the UE, approves the request and indicates the length of the gap (t in the figure).  At the end of the gap length, or when the UE resumes CQI reporting, the E-UTRAN understands the UE to have returned and resumes scheduling data on the downlink as usual.
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Figure 1: Scheduling a measurement gap

It is important for future-proofing that the UE should be able to indicate its return to downlink reception before the expiration of the gap time.  The E-UTRAN has to assign the value of t conservatively to be sure of allowing adequate time for measurements, but UEs that have clever measurement systems (and especially future UEs with advanced measurement capabilities) could complete their measurements significantly earlier than the E-UTRAN would expect.  Allowing the UE to resume CQI reporting to indicate its return prevents the “extra” time from going to waste.

If measurement gaps are requested by the UE and granted by the E-Node B the amount of gaps used for inter-RAT and inter-frequency measurements can be minimized.  More advanced UEs will be able to request a minimum amount of gaps.  UEs that have dual receivers and can perform inter-RAT and inter-frequency measurements in parallel may not request any gaps.
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