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1 Introduction
In RAN4#72bis, further discussions took place on increased UE carrier monitoring. The main issues which are covered in the agreed way forward[1] are

· Scaling factor settings for connected / cell_FACH/cell_DCH RRC states

· Possible impact to the definition of known/unknown cells for cells in the reduced performance group, which may be measured less frequently than every 5s for connected / cell_FACH/cell_DCH RRC states

· Recommendation that it is beneficial for UE to know if the IncMon feature is being configured by the network in connected / cell FACH / cell_DCH RRC states
· Recommendation that it is sufficient to have  one UMTS capability and one LTE capability which indicates that the UE supports UMTS increased carrier monitoring requirements and LTE increased carrier monitoring requirements respectively.
· Approach for RAN4 CR handling

Based on the way forward, the configurable scaling factor settings for connected / cell_FACH/cell_DCH RRC states  are now settled at s=8 and s=16. The RAN4 recommendations on UE capabilities and so called “default” settings for incmon are necessary for RAN2 to finalise work on incmon, and may also have some impact to RAN4 incmon CRs. The approach for RAN4 CR handling is related to how the work on increased carrier monitoring will be concluded (workplan) rather than an agreement on a technical open issue. Therefore the outstanding remaining technical issue for further study on incmon is captured in the way forward as

	· Companies are invited to consider impact of reduced performance group measurements to the criteria where an inter-frequency cell is considered to be known by the UE


In this contribution we provide our further analysis on this topic for both E-UTRA and UTRA specifications
2 Discussion

Analysis for E-UTRA interfrequency measurements (TS36.133)
In E-UTRA intrafrequency RRM requirements in 36.133 chapter 8, there is a definition such as
	If a cell which has been detectable at least for the time period Tidentify_intra defined in clause 8.1.2.2.1.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again and triggers an event, the event triggered measurement reporting delay shall be less than TMeasurement_Period, Intra provided the timing to that cell has not changed more than ( 50 Ts and the L3 filter has not been used. When L3 filtering is used or IDC autonomous denial is configured, an additional delay can be expected.


From a UE perspective, this definition means that if a cell which has been detected subsequently disappears, the UE is required to keep attempting to make CRS measurement for a period of at least 5 seconds. Hence, during this period, the UE would be expected to keep attempting CRS measurement using its prior knowledge of timing of the target cell, such that it is able to trigger an event within TMeasurement_Period, Intra if the cell should reapper.
Such a requirement makes sense if the target cell is measured relatively frequently within the 5 second period. If none of the CRS measurement attempts have found a detectable cell then as time goes on it becomes more and more probable that the long term propagation conditions (eg pathloss) have changed such that the UE is no longer able to detect the cell that it is measuring. Clearly UE cannot maintain timing estimates and make CRS measurement attempts indefinitely for cells which may have disappeared. Should such a cell re-appear after the UE has stopped attempting to measure it, then it should be detected by the normal PSS/SSS/CRS cell detection procedures, and the main purpose of this text is to be clear for a given scenario whether TMeasurement_Period, Intra or Tindetify, Intra determines the minimum requirements for event reporing delay. It should be noted that 5 seconds is itself a minimum requirement; UE which attempted to measure cells for a greater period of time before considering them “lost” would simply report any cell which reappeared within TMeasurement_Period, Intra rather than Tindetify, Intra and since TMeasurement_Period, Intra < Tindetify, Intra would thus satisfy the requirement to report within Tindetify, Intra. So it may be concluded that UE are not prevented from attempting to measure previously detected cells for longer than 5 seconds.
When we check the corresponding requirement for interfrequency event reporting, the text has a slightly different format

	If a cell which has been detectable at least for the time period Tidentify_inter defined in clause 8.1.2.3.1.1 and then triggers the measurement report as per TS 36.331 [2], the event triggered measurement reporting delay shall be less than TMeasurement_Period_Inter_FDD defined in clause 8.1.2.3.1.1 provided the timing to that cell has not changed more than ( 50 Ts while measurement gap has not been available and the L3 filter has not been used. When L3 filtering is used or IDC autonomous denial is configured, an additional delay can be expected.



In this case the 5s time duration is not mentioned. When considering that UE already perform inter-frequency measurements less sparsely than intra-frequency measurements, this is reasonable because it can only really be concluded that the cell has disappeared (eg cannot be detected due to increased pathloss) from a UE perspective if the UE has made some attempt(s) to measure the cell. Considering a release 8 configuration such as 2.56s DRX cycle and Nfreq=7 total layers for measurement, each layer may be measured only every 17.92 seconds even without increased UE carrier monitoring.
Another place in 36.133 where unknown cells are mentioned is in RRC reestablishment requirements in 36.133 chapter 6; for convenience these requirements are copied below, and we believe that it is this requirement which is referred to by the discussion paper in [2].
	6.1.2.1
UE Re-establishment delay requirement

The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH to the target PCell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:
TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH

Tsearch: It is the time required by the UE to search the target PCell.


Tsearch = It is 100 ms if the target PCell is known by the UE; the target PCell is known if it has been measured by the UE in the last 5 seconds.


Tsearch = It is 800 ms if the target PCell is unknown by the UE; the target PCell is unknown if it has not been measured by the UE in the last 5 seconds.


TSI = It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target PCell.


TPRACH = The additional delay caused by the random access procedure; it will be at least 10 ms due to random access occasion and there might be additional delay due to ramping procedure.


Nfreq: It is the total number of E-UTRA frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target PCell is known.

There is no requirement if the target cell does not contain the UE context.




Our understanding of the definition of known and unknown target PCells in this section is that the definition is specific to RRC reestablishment procedure. A UE may attempt to perform RRC reestablishment to a cell which it has recently measured, and in this case the procedure is expected to be faster, since it will not search on multiple frequencies for the candidate PCell, and also has some knowledge of the candidate PCell timing etc. If the UE does not have a good candidate PCell (eg which has been recently measured) then it searches on multiple frequencies and attempts to find a candidate PCell without prior knowledge of the timing etc of the candidate.

In this context, we see the 5 second definition as being about robustness of the UE RRC reestablishment procedure. In general, RRC reestablishment is more likely to succeeed with a target PCell that has very recently been detected and measured with measurements that indicate that it is a good candidate for reestablishment. On the other hand, RRC reestablishment is a time critical procedure so if there already exists a good candidate for restablishment which can be attempted without detection, the procedure may be speeded up.
From this perspective, we do not think that there is any need to modify the 5 second definition of known/unknown target PCell within RRC reestablishment requierments. It is true that a reduced performance group cell may not have been measured for up to 12*0.08*16 = 15.36 seconds (12 reduced layers * 80ms measurement gap periodicity * scaling factor 16) even if DRX was not used before the reestablishment, but such a cell does not really seem a good candidate for perfroming RRC reestablishment.
The final requirement which we analyse is handover delay; 

	5.1.2.1.2
Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH.

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt


Tinterrupt = Tsearch + TIU + 20 ms

Where:

Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.
NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 8.1.2.2.1 for intra-frequency handover and Clause 8.1.2.3.1 for inter-frequency handover.


Similarly to RRC reestablishment case, we see the definition in RAN4 is mainly about robustness of handover procedure. In case a reduced performance group cell triggers an event, it is quite possible or even probable that the event reporting is completed and the eNB triggers handover within 5 seconds.  If this time is exceeded, then we think it would be important from a requirements point of view that the cell is treated as an uknown cell so that the UE has sufficient time to perform PSS/SSS acquisition etc if necessary to perform a robust handover. As mentioned previously, this scenario can already happen in release 8 if DRX is used and there are a moderately large number of frequency layers.

Based on this analysis, we do not see any reason to update criteria where a cell is considerered to be known (or unknown) due to increased UE carrier monitoring.

Analysis for E-UTRA interRAT measurements of UTRA cells
In this case, very similar considerations apply as for inter-frequency E-UTRA cells. There is no 5s criteria mentioned in section 8.1.2.4.1.1.4 (E-UTRAN FDD – UTRAN FDD measurements – event triggered reporting) and there are no inter RAT RRC restablishment procedures. A 5s criteria for known/unknown cells is mentioned in section 5.3.1.1.2 (E-UTRAN - UTRAN FDD Handover – Interruption Time) and for similar reasons of handover robustness as we discussed in the E-UTRA interfrequency section of this contribution, we think that when UE perform increased carrier montoring they should continue to consider UTRA cells as unknown if they have not been measured within the last 5 seconds.
Based on the analysis of 36.133 interfreqency and interRAT requirements we propose

Proposal 1 : No updates are needed in 36.133 to the criteria where an inter-frequency or inter RAT cell is considered to be known (or unknown) by the UE due to IncMon

Analysis for UTRA interfrequency measurements (TS25.133) in cell DCH and cell FACH
In UTRA CELL_DCH RRC state, different compressed mode patterns are used to measure different RATs; in general this means that the issue of infrequent measurement of reduced performance group cells may be less for UTRA, since there may be fewer frequencies in the reduced performance group. Nevertheless, we provide an analysis of 25.133 to evaluate the known/unknown cell definition in detail.

Similarly to 36.133, no 5 second period is mentioned in either section 8.1.2.3.4 (FDD inter frequency measurements Event Triggered Reporting), section 8.4.2.3(FDD inter frequency measurements when HS-DSCH discontinuous reception is not ongoing or section 8.4a.2.3(FDD inter frequency measurements when HS-DSCH discontinuous reception is ongoing).  A definition of known / unknown cell is provided in section 6.1.2.1(UE Re-establishment delay requirement) and also in active set update (5.1.2.2) and hard handover requirements(5.2.2.2). Similarly to the analysis for 36.133, we think the 5s definition is important for robustness purposes in RRC reestablishment and hard handover requierments, and should not be modified. Active set update is only performed for intrafrequency cells and is not relevant to the discussion about inter-frequency measurement.
Analysis for UTRA interRAT measurements of E- UTRA cells
The analysis follows very similar lines as for UTRA measurement of UTRA interfrequency cells; no 5 second criteria is mentioned in section 8.1.2.6.5
E-UTRAN measurements - Event Triggered reporting, 8.4.2.6.3.1 E-UTRAN measurements when HS-DSCH discontinuous reception is not ongoing - Event Triggered reporting or 8.4a.2.6.3.1 E-UTRAN measurements when HS-DSCH discontinuous reception is ongoing - Event Triggered reporting. A 5 second criteria for known cells is mentioned in section 5.4a.2.2 FDD to E-UTRAN FDD Handover – Interruption time and section 5.4b.2.2 FDD to E-UTRAN TDD Handover – Interruption time. Similarly to other analysis, we believe the definition of known and unknown E-UTRA cells should remain unchanged for UTRA FDD to E-UTRA handover. If the E-UTRA target cell has not been measured within 5 seconds then it may be considered to be an unknown cell.
Proposal 2 : No updates are needed in 25.133 to the criteria where an inter-frequency or inter RAT cell is considered to be known (or unknown) by the UE due to IncMon

3 Conclusions

In this contribution, we analyse both 25.133 and 36.133 to see if changes need to be made to the criteria for known and unknown cells due to increased UE carrier monitoring, and specifically due to the sparse measurement that may be made in some configurations of cells in the reduced performance group. 

In both 25.133 and 36.133, chapter 8 event triggered reporting requirements, intra-frequency cells are considered to be known if they have been measured within the previous 5s. Interfrequency cells are not specicied in such a way, and we note that interfrequency measurements in release 8 may already be sparsely sampled eg if a large total number of frequencies is being measured and DRX is used. 
In both 25.133 and 36.133 chapter 5 requirements for interfrequency/interRAT handover, cells are considered to be known if they have been measured with the previous 5s and unknown otherwise. Given that we expect a handover would be more slower but more robust if the UE treats the target cell as unknown, we do not think that the criteria should be modified for carriers which may have been measured more than 5s previously because they belong to reduced performance group. In many cases, even if a cell is in the reduced performance group, we think that an event may be reported and handover command given within 5s so handover to reduced performance group cells will in many cases be treated as a handover to a known cell at any rate.

Similar considerations apply to RRC reestablishment in both 25.133 and 36.133. We consider it would be safer to treat any candidate cell that has not been measured for more than 5 seconds as unknown for the purposes of RRC reestablishment.

Based on this analysis, we propse that there is no need to update this aspect of either 25.133 or 36.133 and 

Proposal 1 : No updates are needed in 36.133 to the criteria where an inter-frequency or inter RAT cell is considered to be known (or unknown) by the UE due to IncMon

Proposal 2 : No updates are needed in 25.133 to the criteria where an inter-frequency or inter RAT cell is considered to be known (or unknown) by the UE due to IncMon
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