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1. Introduction
The Work Item proposal “Further EUL Enhancements” [1] was approved was approved during the RAN#62 plenary meeting. The main objective of the WI is subdivided in detailed objectives, where one subarea is “Introducing enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios”, which is even further divided into subareas, of which one is addressing “DTX/DRX enhancements”.
During RAN WG1 Meeting #76Bis it was agreed to introduce a second UE DRX cycle 2 along with an Inactivity Threshold for UE DRX cycle2.

This contribution is discussing RRM impacts in RAN4 regarding measurements in CELL_DCH state, that can be expected due to the WG1 decision mentioned above. 
2. Impact on measurements requirements in CELL_DCH state due to longer UE DRX cycles
The current minimumUE requirement on cell identification times for identification of intra-frequency, inter-frequency and IRAT cells takes the UE DRX cycle length into account. They are however not differentiated more than that there exists one requirement when UE DRX cycles are shorter than 10 subframes are used and a different requirement when UE DRX cycles ar 10 subframes or longer.
The current possibility to define UE DRX cycle lengths is within the subset [4, 5, 8, 10, 16, 20], defined in subframes. The decision taken in WG1 introduces a second UE DRX cycle with length within the set of [4, 5, 8, 10, 16, 20, 32, 40, 64, 80] subframes.
For the requirements when UE DRX is used, relaxation of minimum cell identification times is already specified. E.g. for existing DRX cycles with lengths 10, 16 and 20 sub-frames, the intra-frequency cell identification time requirements are 1.5 seconds, compared  to 800ms if shorter DRX cycles are used.

When longer DRX cycles in CELL_DCH state are introduced via a 2nd DRX cycle, further relaxation of cell identification times should be avoided, for two reasons:
1) Longer cell identification times will have a negative impact on the mobility behavior in CELL_DCH state and would most likely mean worse PS call drop rate.
2) An inactive PS user is likely to be moved from the CELL_DCH state by the NW before the cell identification time has elapsed.
However, one of the reasons that relaxations are introduced for DRX, is to allow for UE power saving (reduced cell search and measurement activity) when longer DRX cycles are used. So to not introduce further relaxation would reduce the positive effects it would have on UE power consumption.

This means that there has to be a trade off between the negative impact stated above and the UE power consumption improvements that can be made by introducing longer DRX cycles.

Because of this, as a compromise, we propose to introduce a third step of relaxation in cell identification time requirements, to be used for the longest new DRX cycles that are proposed.
Proposal 1: When a second DRX cycle is introduced, cell identification times should be the same as for the first DRX cycle for cycle lengths up to 40 sub-frames.

Proposal 2: For DRX cycle lengths in the sub-set [64, 80] subframes, the cell identification time should be further relaxed to 3.0 seconds. 
2.1 Inter-frequency measurement requirements
In cases where compressed mode is used, the requirements are determined by the compressed mode parameters rather than the DRX parameters and it is anticipated that this approach would also be applicable if RAN WG1 specifies a longer second DRX cycle.

For inter-frequency measurements, there are a few cases when running inter-frequency measurements without using Compressed Mode are possible. For these cases the cell identification time may be affected when DL DRX is active and it will also be depending on the UE DRX cycle length.
For the cases connected to the UE measurement capabilities specified in IEs “Adjacent Frequency measurements without compressed mode”,  “Inter-band Frequency measurements without compressed mode” and  “Enhanced inter-frequency measurements without compressed mode” in section 10.3.3.21 of TS 25.331, the the same third level of relaxation of cell identification times as is proposed above for intra-frequency measurements should be adopted.
The reason is that in these inter-frequency measurement cases, the current cell identification times are the same as those for intra-frequency measurements and inter-frequency measurements due to longer UE DRX cycles should follow the same requirements as those for intra-frequency measurements and remain consistent also if the intra-frequency measurement requirements are changed according to proposals 1 and 2 in this document.
Proposal 3: When a second DRX cycle is introduced, the cell identification requirements should be modified in the same way as for intra-frequency measurements when inter-frequency measurements are running without compressed mode in the three cases mentioned above.
In TS 25.133 there is also another case defined when Compressed Mode is running without compressed mode that has other cell identification time requirements than those that are specified for the three cases mentioned above. 
This case is when a UE does not need compressed mode to measure cells on configured carrier frequencies corresponding to secondary serving HS-DSCH cells according to its measurement capability in the IE, “Inter-frequency measurements on configured carriers without compressed mode”. The requirements for this case were developed based on giving the same performance as a “typical” compressed mode pattern.
A similar discussion, with a third level of relaxation for the longest DRX cycles, as for the other cases with cell identification times as is handled by this proposal, is also applicable in this inter-frequency measurement case.
However, the current requirements allows a quite long cell identification time already for DRX cycles from 10 sub-frames and up. The current requirement states: “If DL_DRX_Active = 1 and the UE DRX cycle ≥ 10 subframes, Tidentify, inter, optional = 4.4*Nfreq seconds”. 
To take the same approach as for the other cases above, to double the cell identification time for the new proposed longest DRX cycles, would seriously affect the mobility behaviour. Because of this we propose instead a more moderate relaxation and set a maximum cell identification time of 6.6*Nfreq seconds for the DRX cycle lengths 64 and 80 subframes.
Proposal 4: When a second DRX cycle is introduced, the cell identification requirement for DRX cycles of 64 and 80 subframes should be 6.6*Nfreq seconds, for UEs that does not need compressed mode to measure inter-frequency cells according to its measurement capability in the IE, “Inter-frequency measurements on configured carriers without compressed mode”.
The case when a UE does not need compressed mode to measure cells on configured carrier frequencies corresponding to secondary serving HS-DSCH cells according to its measurement capability in the IE, “Inter-frequency measurements on configured carriers without compressed mode” also have UE DRX cycle length dependency on the measurement period.
Currently, the measurement period is 2000ms* Nfreq when DL DRX cycles are 10 subframes or longer.

A similar approach as for the cell identification time could be adopted. This means introducing a third measure period length requirement for the longest DRX cycles.
Proposal 5: When a second DRX cycle is introduced, the measurement period requirements should be 3000ms*Nfreq for the DRX cycle lengths 64 and 80 subframes, for UEs that does not need compressed mode to measure inter-frequency cells according to its measurement capability in the IE, “Inter-frequency measurements on configured carriers without compressed mode”.
2.2 Inter-RAT measurement requirements
For inter-RAT measurements (GSM and E-UTRA) no specific requirements exist on cell identification times that are depending on UE DRX cycle lengths. This means that introduction of a second UE DRX cycle with longer DRX cycle lengths than those that currently exist for UE DRX cycle 1, does not have any impact on cell identification and measurememtn period times following the existing principle.
2.3 Requirement structure
The wording of requirements in 25.133 is of the form
If DL_DRX_Active = 1 and the UE DRX cycle < 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 800ms. 

If DL_DRX_Active = 1 and the UE DRX cycle ≥ 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 1.5s. 
If the proposals 2-4 are acceptable, it means yet another level of requirements. Just introducing another “If” in the structure reduces readability and because of this a change into a table format, similar to what is used in TS 36.133,  is proposed.
E.g. 

If proposal 1 and 2 are accepted, using the old format, an updated requirement may look like this:

If DL_DRX_Active = 1 and the UE DRX cycle < 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 800ms. 

If DL_DRX_Active = 1 and the UE DRX cycle ≥ 10 subframes and  ≤ 40 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 1.5s.

If DL_DRX_Active = 1 and the UE DRX cycle ≥ 40, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 3.0s.
In a table format it may look like this:
	DRX cycle length (subframes)
	Tidentify_intra (s) 

	DRX-cycle  length <10
	0.8 

	10 ≤ DRX-cycle  length ≤ 40
	1.5
Note 1

	40 < DRX-cycle length ≤ 80
	3.0

Note 1

	Note1: DRX cycle lengths 32 and higher are only applicable for DRX cycle 2.


Proposal 6: Change the current If statement approach regarding cell identification times for different DRX cycle lengths into a table format.
3. Summary
In this contribution we have discussed possible impacts on RRM requirements when a second UE DRX cycle with longer cycle lengths than what currently exist for the existing UE DRX cycle, is introduced.
· Proposal 1: When a second DRX cycle is introduced, cell identification times should be the same as for the first DRX cycle for cycle lengths up to 40 sub-frames.
· Proposal 2: For DRX cycle lengths in the sub-set [64, 80] subframes, the cell identification time should be further relaxed to 3.0 seconds.
· Proposal 3: When a second DRX cycle is introduced, the cell identification requirements should be modified in the same way as for intra-frequency measurements when inter-frequency measurements are running without compressed mode in the three cases mentioned above.
· Proposal 4: When a second DRX cycle is introduced, the cell identification requirement for DRX cycles of 64 and 80 subframes should be 6.6*Nfreq seconds, for UEs that does not need compressed mode to measure inter-frequency cells according to its measurement capability in the IE, “Inter-frequency measurements on configured carriers without compressed mode”.
· Proposal 5: When a second DRX cycle is introduced, the measurement period requirements should be 3000ms*Nfreq for the DRX cycle lengths 64 and 80 subframes, for UEs that does not need compressed mode to measure inter-frequency cells according to its measurement capability in the IE, “Inter-frequency measurements on configured carriers without compressed mode”.
· Proposal 6: Change the current If statement approach regarding cell identification times for different DRX cycle lengths into a table format.
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