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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”.
In RAN WG1 Meeting #76Bis a discussion paper is submitted [2], discussing the current DRX configuration options and it propose to introduce a 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 proposal 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 proposal in [2] introduces a second UE DRX cycle with length within the set of [4, 5, 8, 10, 16, 20, 32, 40, 64, 80] subframes.
.One of the reasons that relaxations are introduced is to allow for UE power saving (reduced cell search and measurement activity) when longer DRX cycles are used. When longer UE DRX cycles are used the possibility for power saving may be extended and because of that, longer cell identification minimum requirenments may be considered. However, legacy requirements should be kept so that the current requirements should still be applied to the 2nd DRX cycle as well as the 1st DRX cycle for UE DRX cycle lengths up to and including 20 subframes.

Proposal 1: When a second DRX cycle is introduced, cell identification times should be the same as for the first DRX cycle, for the UE DRX cycle lengths that are already defined for the first DRX cycle.

Proposal 2: For longer UE DRX cycles than those than currently specified, longer cell identification times should be considered.
The specification format for differentiated cell identification times in TS 25.133 is not suitable to be extended due to readability reasons. Currently it is described in “If, Then” format and to extend this with more “If, Then” statements for further UE DRX cycles will detoriarate the readability. Instead, it is proposed to introduce a table format, similar to that used in the corresponding E-UTRA specification 36.133.
E.g. the current requirement for cell identification times of intra-frequency cell, if DL DRX is active, could be transformed from:
“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.”

Into:

	UE DRX cycle length (subframes)
	Cell identification time (s)

	4, 5, 8
	0,8

	10, 16, 20
	1,5

	32, 40
	X

	64, 80
	Y


Proposal 3: Change description format of cell identification times for different UE DRX cycle lengths from a plain text description into a table format.
2.1 Intra-frequency measurement requirements
Currently, the minimum requirement for cell identification times for intra-frequency measurements when DL DRX is active, is 800 ms for UE DRX cycles shorter than 10 subframes and 1,5s for UE DRX cycles of 10 subframes or more (currently up to 20 subframes). 


With the introduction of longer UE DRX cycles than currently specified, an obviouspossibility would be to use the same approach as is applied today, by doubling the allowed cell identification time with doubled subframe step. 
A new requirement should then be, according to the proposed change into a table format and according to the WG1 proposal [2] :

	UE DRX cycle length (subframes)
	Cell identification time (s)

	4, 5, 8
	0,8

	10, 16, 20
	1,5

	32, 40
	3,0

	64, 80
	6,0


Table 1: Example of proposed cell identification time for different DRX cycle length

However, as can be seen in the table 1 above, this simple approach has clear disadvantages. These long cell identification times when long DRX cycle lengths are used may seriously affect the system behavior and end user experience regarding mobility in CELL_DCH state.

Another approach could be to have proportionally less relaxation on requirements on cell identification times when longer DRX cycles are used, so that there is no linear increase of the cell identification time with increased DRX cycle length. This will put stricter requirements on the UE than would be expected from extending the existing approach for DRX cycles up to 20 subframes and may result in increased UE power consumption. On the other hand, long DRX cycles will result in reduced UE power consumption overall, so a relatively increased intensity of UE measurements when long DRX cycles are used, to meet stricter cell identification times than those in table 1, could still be an option for longer DRX cycles.
Proposal 4: If RAN WG1 specificies a second DRX cycle, the cell identification requirements need to be further discussed in RAN4. 
2.2 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 same cell identification times as is defined in table 1 above is proposed.
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 updates to inter-frequency measurements due to longer UE DRX cycles should follow the same requirements as those for intra-frequency measurements and remain consistent.

Proposal 5: If RAN WG1 specificies a second DRX cycle, the cell identification requirements should be the same 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”.
This case also means that the cell identification time is not only depending on the length of the UE DRX cycle but also on the number of configured carrier frequencies (Nfreq).
A similar discussion as for the other cases with cell identification times as is handled by proposal 4 and proposal 5 is also applicable in this inter-frequency measurement case. Since this is also depending on the number of frequencies to measure, yet other possibilities would be to have restrictions on number of frequencies to measure, use relaxed measurements of some of the frequencies or to use combinations of all or some of the possibilities mentioned above.
Proposal 6: If RAN WG1 specificies a second DRX cycle, the cell identification requirements need to be further discussed in RAN4, for UE 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. This would need to be extended if a second UE DRX cycle with longer cycle lengths is introduced and a linear increase approach is used.

A similar approach as for the cell identification time requirements could be adopted. Since in this case the measurement period is also depending on the number of frequencies to measure, this should follow the general principles that need to be decided due to proposal 6 above.

Proposal 7: If RAN WG1 specificies a second DRX cycle, the measurement period requirements should follow the principles decided for the cell identification time, for UE 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”.
2.3 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 thos that currently exist for UE DRX cycle 1, does not have any impact on cell identification and measurememtn period times following the existing principle.
3. Summary
In this contribution we have discussed possible impacts on RRM requirements if RAN WG1 decides to introduce a second UE DRX cycle with longer cycle lengths than what currently exist for the existing UE DRX cycle.
· Proposal 1: When a second DRX cycle is introduced, cell identification times should be the same as for the first DRX cycle, for the UE DRX cycle lengths that are already defined for the first DRX cycle.
· Proposal 2: For longer UE DRX cycles than those than currently specified, longer cell identification times should be allowed.
· Proposal 3: Change description format of cell identification times for different UE DRX cycle lengths from a plain text description into a table format..
· Proposal 4: If RAN WG1 specificies a second DRX cycle, the cell identification requirements need to be further discussed in RAN4. 
· Proposal 5: If RAN WG1 specificies a second DRX cycle, the cell identification requirements should be the same as for intra-frequency measurements when inter-frequency measurements are running without compressed mode in the three cases mentioned above. 
· Proposal 6: If RAN WG1 specificies a second DRX cycle, the cell identification requirements need to be further discussed in RAN4, for UE 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 7: If RAN WG1 specificies a second DRX cycle, the measurement period requirements should follow the principles decided for the cell identification time, for UE 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”. 
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