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1. Introduction
The introduction of a feature called Circuit Switched Fall Back (CSFB) had been discussed in RAN2.  A related LS, R4-093899 (R2-095330) [4] has been sent to RAN4 to request the evaluation of the measurement duration expected with the currently defined measurement gap patterns and evaluate the achievable gains with defining a new continuous measurement gap. A response to the LS was sent in R4-094043 [5] and was stated that additional CSFB specific requirements would be considered.

At the RAN4 #53 meeting some proposals for additional requirements were made but nothing was agreed. In this contribution, we make further considerations on the gains that can be achieved by using a long measurement gap and propose a way to achieve these gains. 
2. Discussion

Due to the lack of voice service support in the early stages of LTE deployment, CSFB is a possible solution to handling voice calls by using the existing circuit switched networks such as WCDMA and GSM. To save battery life in idle mode, a UE would only track pages on the LTE network, therefore for voice calls, even though the call connection will be completed on the circuit switched network, the pages would still be sent on LTE. In this case, since the UE would not have current RRM measurements of the circuit switched network, additional delay can be expected due to the required RRM measurements in addition to the handover delay. To minimize these delays it is important to ensure fast RRM measurements on the circuit switched network, e.g. WCDMA or GSM.
Some enhancements to the IRAT measurements requirements were proposed in [1],[2]. These enhancements were based on the fact that better performance can be achieved in typical scenarios compared to the worst case scenarios, but as was pointed out in verbal discussions, there are no available measurement procedures that could lead to testable delay reductions in all scenarios.
In particular, it was pointed out that in the case of GSM, there is a random component of the measurement delay, independent of SNR quality, resulting from the variable time required to observe the first measurement gap colliding with BSIC transmission.  

RAN4 indicated to RAN2 in [5] that typical requirements would be defined and stated the typical requirements should be within 320...400ms of the measurement time that would be achievable with a ‘continuous measurement gap’.  A requirement definition is only meaningful; however, if it is testable.  Since a testable requirement still has to be based on the worst case GSM-to-LTE relative timing scenario, even at arbitrarily high SNR, we don’t see it feasible to define requirements that achieve the performance that was indicated to RAN2.  A possible solution, in the form of a more elaborate statistical testing, was proposed by other companies; however, in our view that is not practical due to burden on testing time.  Input from RAN5 could be solicited in this aspect if RAN4 still wishes to explore this option further. 
In this contribution we consider using the DRX off period for measurements and show the benefits it brings to reducing the measurement delays and enabling the definition of testable requirements in line with those that were indicated to RAN2.
DRX is a receive mode defined to minimize battery consumption. A UE configured for DRX only monitors PDCCH a small portion of the time and can switch its receiver off for the rest of the DRX period. The DRX cycle length, on and off periods are configurable by higher layers and offer high flexibility. Since during the DRX off period a UE is not expecting any transmissions, it could use this entire time to perform IRAT measurements.
For the CSFB procedure, a UE is instructed to perform IRAT measurements and report its findings. To use the DRX off period for measurements, the UE can be configured for DRX when it is instructed to perform the measurements. Note that the measurement instructions and DRX configuration can be sent in the same RRC message. A UE receiving such a message would enter DRX, use the off period to perform the measurement and send the measurement report back as soon as it finished the measurements. In this case the DRX off period is used as a longer measurement gap and thus, the delays associated with the periodicity of small measurement gaps are avoided. For the DRX off period, a set of fixed parameters can be used to ensure that uplink timing synchronization is not lost (e.g. 320 ms). Multiple DRX off periods could be used if the measurements are not finished within one period. Since synchronization is not lost, the UE can send a scheduling request (SR) as soon as it finishes the report and then send its report when it is scheduled in the UL.
Proposal 1:   Use the entire DRX off period for IRAT measurements and define the typical requirements based on this.
We’d like to point out that requirements for inter-frequency measurements assuming measurements performed in DRX off periods have already been defined in [6] for WCDMA.  In that example, the assumed measurement time was only a part of the DRX off period.  It seems beneficial that in the case of CSFB, all (or almost all) of the DRX off period should be used for measurements to maximize delay reduction.  Since the increased utilization of DRX off periods is limited to the CSFB call set up case only, the battery life impact should be negligible. In order to ensure limitation to the CSFB case, we make the following proposal.  

Proposal 2:   If Proposal 1 is adopted, an LS should be sent to RAN2 asking for the addition of a CSFB call set up indicator in the IRAT measurement request, or asking about whether that indication is already available (for example, as being implied by other parameters). 
If requirements for DRX off period measurements are defined for CSFB, it would be beneficial to limit the number of DRX configurations to which requirements apply to a minimum.  In our opinion, a DRX period of 320ms and a DRX ON period in the range of 1…10ms would be the most suitable.  Agreeing on such a restriction would be beneficial from the UE implementation and testing complexity perspective. 

Another aspect of selecting a suitable DRX cycle parameter is the potential for enabling the maintenance of UL synchronization during the measurement period. This aspect was mentioned already in [4].  A 320ms DRX cycle seems suitable from this perspective as well. 
3. Conclusion
In this contribution we proposed the use of the DRX off period for IRAT measurements to reduce the delay associated with the CSFB procedure. We showed that the DRX off period could be used as a longer measurement gap leading to the reduction of the RRM measurement duration. Furthermore, as the DRX is highly flexible, it is possible to have a long enough measurement gap without losing uplink synchronization. This allows for the measurement report to be sent immediately without any additional access delays. 
Using the DRX off period for measurements would enable the definition of testable requirements in line with those that were indicated to RAN2. 
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