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1. Introduction
During last RAN4#45 it was agreed to make a distinction between ‘Short DRX’ and ‘Long DRX’ values when specifying UE measurement performance [1, 2]. In addition to that, a number of open issues were identified for further investigation. This contribution provides some answers to the open issues raised during the last meeting and makes a more refined proposal on the way forward. If this proposal is considered acceptable by RAN4 a text proposal for inclusion into TS 36.133 or TR 36.801 can be drafted on this basis.
2. Discussion

Within this section a number of open issues in [2] are discussed. It is worth noting that there is currently some potential for confusion between the meaning of Short/Long DRX in RAN2 terms and in RAN4 terms. For this reason the RAN4 terms within this contribution have been replaced with ‘Large’ / ‘Small’ DRX to represent high and low values for the configured DRX cycle.
· Question 1: What should be the mid-point between ‘Small DRX’ and ‘Large DRX’?
It is proposed for the midpoint to be equal to 80 ms. During previous RAN4 discussions a number of different companies have presented intra-frequency simulation results on the assumption that any measurements reported by L1 are the result of averaging measurement samples spaced by approximately 40-50 ms (i.e. on a 200 ms period at least 4 or 5 samples are averaged together). On the assumption that DRX cycle values are in the form 10 x 2k ms (10, 20, …, 2560 ms) the largest DRX period that still enables 4-5 samples per measurement period is 40 ms. In order to prevent additional UE wake-up activity in the absence of any requirement to decode the PDCCH (i.e. in the absence of an ‘on-period’) it is desirable to relax measurement requirements for DRX cycles above 40 ms.
· Question 2 What are the differences and similarities between RRC_IDLE and RRC_CONNECTED with DRX in terms of neighbour cell monitoring performance?

As discussed in previous meetings, both RRC_IDLE and RRC_CONNECTED with DRX need to be specified to enable UE power-efficient operation. The main difference resides on the fact that in RRC_IDLE mobility decisions are performed autonomously within the UE as specified within TS 36.304. 

On the contrary, during RRC_CONNECTED and regardless of DRX activity mobility decisions are always performed by the network and the UE is configured to perform and report measurements to support these decisions. Therefore, when DRX is enabled in RRC_CONNECTED state the UE still requires some mechanisms to report measurement results on a periodic or event-triggered basis. Given that in RRC_CONNECTED with DRX a UE is more likely to perform Tx/Rx data activity its monitoring performance should be as close as reasonably possible to RRC_CONECTED without DRX, and somewhat better than in RRC_IDLE
· Question 3 Should the inter-frequency and inter-RAT monitoring patterns with gap length equal to 6 ms only apply to the Small DRX case and for the Large- DRX case no patterns be specified?

This question is somewhat related to the last RAN2 meeting in Sevilla. The conclusion as recorded in the draft RAN2 chairman minutes is copied below:
	Agreements:

1) UE will always be configured with measurement gap pattern when inter-freq/RAT measurement need to be performed by UE (i.e. interfreq/interRAT configured and serving cell quality below threshold);

2) Network decides if it wants to configure an active measurement gap pattern at the same time as configuring the measurement or not.(all RRC signalling)
a) If the network always activates the measurement gap pattern always, no further UE reporting is required for the measurement gap pattern activation/deactivation.

b) If the network does not always activate the measurement gap pattern, the network may use UE event reporting to activate/de-activate the measurement gap pattern


· In line with the Stage-2, Stage-3 should also capture that the network can configure a serving cell quality threshold only below which the UE has to do the measurement. So the UE only performs the measurement when it has a gap pattern and the serving cell quality is below the threshold. 
To summarise,
· A UE only needs to perform inter-frequency or inter-RAT measurements if a measurement gap pattern has been activated. This applies regardless of whether or not DRX is activated.

· The decision within the UE on whether or not to perform non-serving cell measurements based upon serving cell quality remains applicable regardless of whether or not DRX is active.
· Serving cell and intra-frequency measurements can be performed in parallel with the ‘On periods’, without less significant additional power consumption. Therefore so long as the UE does not have to wake up simply to perform serving-cell or intra-frequency measurements there is a less significant penalty on standby time.
· Inter-frequency and Inter-RAT measurements require the Rx to be tuned to a separate carrier and therefore cause additional UE power consumption during DRX. In addition, the specified inter-frequency or inter-RAT monitoring performance during DRX should clearly be no better than the performance required in the absence of DRX, which is dependent upon the currently active monitoring pattern. Given this, performance specification for inter-frequency and inter-RAT in DRX may need to be defined whenever the non-DRX requirements will have been agreed.
· Question 4 A suitable metric and methodology to quantify ‘acceptable’ UE performance relaxation during the ‘High DRX’ case is needed. 

It is proposed to use a methodology similar to RRC_IDLE, whereby cell search and measurement periodicity is always expressed as a multiple of the DRX cycle to avoid unnecessary UE wake-up to perform monitoring activity. 
LTE Serving-cell and Intra-frequency monitoring. In order to provide some mitigation of time-domain fading it is proposed that L1 reports intra-frequency measurements to RRC that are the result of linear averaging over 

· DRX cycle ≤ 40 ms: At least 4 samples averaged over 200 ms, which is equivalent to no relaxation relative to the ‘no DRX’ case.

· DRX cycle ≥ 80 ms: At least [2] measurement samples averaged together, spaced by at least 1 DRX cycle

For LTE intra-frequency cell identification requirements it is proposed to use the cell detection delay below, associated to SCH Îor/(Îinterfering cells+Ioc) sufficiently high to enable cell detection performance using a cell detection attempt:
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LTE Inter-frequency and Inter-RAT monitoring: 
The relevant measurement periods related to the currently active measurement pattern can be scaled down to ensure that no additional wake-up activity is required in the UE. 
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denotes rounding up to the nearest integer. Furthermore, the L1 averaging requirements could be relaxed so that only one new measurement sample per measurement period is obtained by the modem on every measurement period, and any measurement reported to higher layers is always the average of the [2] most recent samples.
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Tmeasure GSM, DRX needs to be refined further to account for those patterns that are not dense enough to allow at least 3 measurements per GSM carrier within TMeasurement Period GSM = 480 ms.
The minimum cell identification time applicable to DRX could be specified as the greater of the non-DRX maximum cell identification time associated to the currently active monitoring pattern (rounded up to a multiple of the DRX cycle), and the RRC_CONECTED DRX cycle.
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For example, if Tidentify inter=1200 ms for a currently active monitoring pattern, we would have the results in the table below. Please note that this figure is simply an example since no cell identification requirement for LTE inter-frequency has been discussed or agreed by RAN4.

Table 1 - Example values for Tidentify inter, DRX = 1200 ms as a function of DRXRRC_CONNECTED
	DRXRRC_CONNECTED (ms)
	Tidentif y inter, DRX (ms)

	10
	1200

	20
	1200

	40
	1200

	80
	1200

	160
	1280

	320
	1280

	640
	1280

	1280
	1280

	2560
	2560


3. Conclusion
It is proposed to specify neighbour cell performance in RRC_CONNECTED during DRX as follows:
1. It is proposed to specify performance in RRC_CONNECTED with DRX on the assumption that the possible values that can be configured are in the range 10, 20, 40, 80, 160, 320, 640, 1280 and 2560 ms. RAN2 needs to be informed on this assumption to ensure that the view of both groups is aligned.

2. The principle that the UE can decide whether or not neighbour cell measurements are required as a function of the serving cell Rx quality applies regardless of whether or not DRX operation is present.

3. Relaxations to intra-frequency can be made during DRX as proposed in the previous section. Note that intra-frequency performance requirements during DRX are a function of the DRX cycle length.

4. Inter-frequency and inter-RAT monitoring performance can be made during DRX as descried in the previous section. Performance requirements during DRX are a function of both the DRX cycle length and the monitoring pattern that has been configured.
5. L3 filtering in RRC_CONNECTED with DRX remains an open issue. Given that the measurement reporting rates with and without DRX are different the same L3 filtering may need some adjustments. Given that mobility decisions will continue to be network-centric the UE will need to retain a capability to perform event-triggered measurement reports, but a number of modifications are likely to be required.  This area requires some further study and should be investigated in more detail in future meetings.
Feedback is welcome on whether this is an acceptable way forward for RAN4 to specify measurement performance requirements in RRC_CONNECTED with DRX. If RAN4 can agree on this proposal then it will be possible to continue refining the proposed methodology and to draft a text proposal for inclusion into TS36.133.
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