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1		Introduction 
It has been agreed that the performance requirements for increased carrier monitoring will be divided into two performance groups, normal performance group and low performance group. Different performance requirements will be defined by RAN4 for the normal performance group carriers and the low performance group carriers. 
An LS[1] was sent to RAN2 to inform RAN4 agreements on increased UE carrier monitoring and also to request RAN2 to start studying signalling to indicate which carriers are in normal performance group and which carriers are in the low performance group. 
In this contribution, we evaluate options A/B/C/D to determine number of carriers in the normal performance group and the scale factor to scale the requirements for the low performance group for idle/CELL_PCH/URA_PCH states as discussed in the way forward in [6]. We also present the corresponding modifications to inter-RAT and inter-frequency requirements.
2		Additional Options Considered for Evaluation
There were four option A/B/C/D that were proposed in the way forward document in RAN4#70bis.

Option A proposes configurable number of carriers ‘k’ in the normal performance group. In other words, UTRAN shall signal the parameter ‘k’to the UE. Additionally, the cell reselection performance in normal performance group and low performance group will be determined by a fixed ratio/scale factor. In other words, the scale factoris fixed to a predetermined value.

Option B proposes configurable performance ratio between normal and low performance groups. In other words, UTRAN shall signal the parameter  which determines the cell reselection performance ratio in normal performance group and low performance group. The maximum number of carriers ‘k’ in the normal performance group is set to the legacy maximum number of carriers. In other words, the number of carriers in normal performance group ‘k’ is fixed.

Option C proposes that the max number of carriers ‘k’ in the normal performance group is set to the legacy max carriers i.e. fix k. Additionally, the cell reselection performance in normal performance group and low performance group will be determined by a fixed ratio/scale factor. In other words, the scale factoris fixed to a predetermined value.

Option D proposes configurable number of carriers ‘k’ in the normal performance group. In other words, UTRAN shall signal the parameter ‘k’to the UE. It also proposes configurable performance ratio between normal and low performance groups. In other words, UTRAN shall signal the parameter  which determines the cell reselection performance ratio in normal performance group and low performance group.
3   Choice of Option A/B/C/D 



The issue with Option A is that if the signaled ‘k’ is larger than the requirement in the spec today, in order to ensure that the normal performance group does not have equal or worse reselection performance than low performance group,  must be fixed to a large value thus making the reselection delay on the low performance group very large. Thus, the optimal value of  may be different for different values of ‘k’. Option A offers only partial flexibility to the network but may lead to inefficient value of  for some values of ‘k’ as shown in the example in section 6.1 below where low performance group carriers are measured as fast as normal performance group carriers which adversely impacts UE current consumption.

In Option B, since ‘k’ is being fixed to a value specified in the spec today, the reselection delay in normal performance group for a Rel-12 UE is the same as that for a legacy UE. While  introduces a tradeoff between reselection performance for the low performance group and UE battery consumption, in general the reselection performance of low performance group may be much worse than that of normal performance group. 


In Option C, since ‘k’ is being fixed to a value specified in the spec today, the reselection delay in normal performance group for a Rel-12 UE is the same as that for a legacy UE. But since  is also fixed, the fixed value for  should be such that additional UE battery consumption is low while reselection performance of low performance carriers is not too high. Thus Option C offers no flexibility to the network but this simplifies the UE implementation.

Option D is a good option in terms of network operation since it offers complete flexibility to the network. But networks have to choose ‘k’ and  carefully in order to ensure that the normal performance group does not have worse reselection delay than low performance group and not to sacrifice UE battery consumption unnecessarily. Moreover, UE vendors should ensure that UE complexity is not a concern. We should also note that reselection delay in normal performance group for a Rel-12 UE increases as ‘k’ increases and thus a Rel-12 UE may have larger reselection delay than legacy UE on the normal performance layers.
For Option D, networks have to ensure that ‘k’ is at least equal to the legacy number of carriers as supported up to Rel-11 to ensure that Rel-12 UEs have at least as many cells to reselect to as the legacy UE. Also, the upper bound on ‘k’ has to be chosen carefully such that the Rel-12 UE does not have significantly worse reselection performance than the legacy UE for the normal performance group, and, also the normal performance group does not have worse reselection performance than the low performance group.

Regarding the scale factor, operators should set it to a value which minimizes additional UE current consumption and also minimizes cell reselection delay on the low performance group. So>=4 is preferable based on the analysis provided in [2]. 
Proposal 1: Choose Option D for inter-RAT E-UTRA measurements and inter-frequency measurements with increased number of carriers.
4	Modification to Option 5
Option 5 was outlined as an option in the way forward document [5] during RAN4#70. Regarding the choice between Option 4 and (Option 4 + Option 5), it is clear that Option 4 + Option 5 provides the benefit of monitoring fewer carriers in the low performance group thus reducing the cell-reselection delay especially when the serving cell quality is low. The specific aspect for further consideration was to determine how to reduce the number of carriers i.e. reduce only the higher priority carriers, reduce only the lower priority carriers, or a mix of the two i.e. reduce a few higher and a few lower priority layers. Also, how many layers should be reduced is also unclear. We have the following two proposals to address this.

Proposal 2a When Srxlev < Spioritysearch1 or Squal < Spioritysearch2, the serving cell quality is not sufficient and requires cell-reselection, none of the higher priority layers and all lower priority layers shall be monitored out of the (Ncarrier -) additional carriers.

Proposal 2b: When Srxlev < Spioritysearch1 or Squal < Spioritysearch2, the serving cell quality is not sufficient and requires cell-reselection, only ‘m’ layers shall be monitored out of the (Ncarrier -) additional carriers. ‘m’ can be implicitly or explicitly signaled by the network.
In Proposal 2a, the layers to be ignored is very clear and needs no additional signaling. But at the same time, Option 5 only holds when absolute priorities are signaled. Some operators may decide not to enable absolute priorities at all (and consequently the thresholds Spioritysearch1 and Spioritysearch2 may not be signaled either) which would make the condition ineffective since the number of additional carriers to monitor cannot be reduced and thus there would be no reduction in cell reselection delay for additional carriers.
Proposal 2b has the advantage of providing the flexibility to select which of the ‘m’ layers in the low performance group shall be monitored and consequently which ones will be not be monitored. But the slight disadvantage is that if ‘m’ needs to be explicitly signalled to the UE this is additional signalling overhead. This issue may be overcome by implicit signalling mechanisms. For example, network could signal the list of low performance layers in a specific order such that UE always selects the first/last ‘m’ frequencies in the list.
5   Modified Inter-RAT Measurement Requirements 




The following are the modified requirements corresponding to (Option D+Option 5). Letbe a scale factor by which the requirements for the low performance group will be scaled and  be the number of inter-RAT E-UTRA carriers in the normal performance group. Both and  shall be signaled by UTRAN to the UE.
5.1		Inter-RAT E-UTRA Measurements

If Kcarrier ≤ , keep current requirements for measurements of inter-RAT E-UTRA cells, i.e. 
· The UE shall be able to evaluate whether a new detectable inter-RAT E-UTRA cell meets the reselection criteria within Kcarrier * TdetectE-UTRA
· The UE shall measure RSRP and RSRQ at least every Kcarrier * TmeasureE-UTRA for identified E-UTRA cells.
· The UE shall be capable of evaluating that the E-UTRA cell has met reselection criterion defined TS 36.304 within Kcarrier * TevaluateEUTRA.



If Kcarrier > , keep current requirements for inter-RAT E-UTRA carriers in the normal performance group and modify requirements for the additional (Kcarrier-) inter-RAT E-UTRA carriers in the low performance group, i.e.  
· 
The UE shall be able to evaluate whether a new detectable inter-RAT E-UTRA cell meets the reselection criteria within (Kcarrier -)* TdetectE-UTRA
· 
The UE shall measure RSRP and RSRQ at least every (Kcarrier -)* TmeasureE-UTRA for identified E-UTRA cells
· 
The UE shall be capable of evaluating that the E-UTRA cell has met reselection criterion defined TS 36.304 within (Kcarrier -)* TevaluateEUTRA


When Srxlev < Spioritysearch1 or Squal < Spioritysearch2, the serving cell quality is not sufficient and requires cell-reselection, either none of the higher priority layers and all lower priority layers shall be monitored out of the (Kcarrier -) additional carriers, or, only ‘m’ layers shall be monitored out of the (Kcarrier -) additional carriers. ‘m’ can be implicitly or explicitly signaled by the network.

Proposal 3: UTRAN signals the number of inter-RAT E-UTRA carriers  in the normal performance group 

Proposal 4: UTRAN signals the scale factor  for the cell reselection delay in the low performance group.

Proposal 5: Allowed range for inter-RAT E-UTRA carriers is 


Proposal 6: Allowed range for  is 


Proposal 7: Not all combinations of and are allowed.
6   Modified Inter-frequency Measurement Requirements


The following are the modified requirements corresponding to Option D+Option 5. Letbe a scale factor by which the requirements for the additional frequencies will be scaled and ‘k’ be the number of inter-frequency carriers in the normal performance group. Both ‘k’ and  shall be signaled by UTRAN to the UE.
6.1   Identified inter frequency cells
If Ncarrier ≤ k, keep current requirements for identified and measured inter-frequency cells, i.e. UE measures CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD.

If Ncarrier > k, keep current requirements for ‘k’ inter frequency carriers in the normal performance group and modify requirements for the additional (Ncarrier-k) inter frequency carriers in the low performance group by slowing down the measurement rate so that the impact to current consumption due to additional carriers can be constrained. For identified and measured inter-frequency cells on additional carriers, UE measures CPICH Ec/Io and CPICH RSCP at least every *(Ncarrier-1-k) * TmeasureFDD.

The filtering of measurements shall be such that the UE shall be capable of evaluating that an already identified inter-frequency cell has met the reselection criteria within *(Ncarrier-1-k) * TevaluateFDD from the moment the inter-frequency cell met the reselection criteria.
When Srxlev < Spioritysearch1 or Squal < Spioritysearch2, the serving cell quality is not sufficient and requires cell-reselection, either none of the higher priority layers and all lower priority layers shall be monitored out of the (Ncarrier-1-k) additional carriers, or, only ‘m’ carriers shall be monitored out of the (Ncarrier-1-k) additional carriers. ‘m’ can be implicitly or explicitly signaled by the network.
For example, let Ncarrier = 5, and DRX cycle length is 0.08s which implies TmeasureFDD = 0.64s (from table 4.1 in TS25.133 section 4.2.2.3), then the measurement requirement for normal performance carriers is (5-1)*0.64=2.56s.
In other words, for normal performance group, TmeasureFDD=2.56s.
The measurement requirement for low performance carriers is as shown in the table below:
	
TmeasureFDD vs (k,)
for low performance group
	k=2
	k=3
	k=4
(i.e. all carriers are in normal performance group)

	
=4
	5.12s
	2.56s
	0

	
=5
	6.4s
	3.2s
	0

	
=6
	7.68s
	3.84s
	0

	
=7
	8.96s
	4.48s
	0

	
=8
	10.24s
	5.12s
	0

	
=9
	11.52s
	5.76s
	0




In the above example, when k=3 and =4, low performance group carriers are measured as fast as normal performance group carriers which adversely impacts UE current consumption.
Proposal 8: UTRAN signals the number of inter-frequency carriers ‘k’ in the normal performance group 

Proposal 9: Allowed range for inter-frequency carriers is 


Proposal 10: Not all combinations of and are allowed.
6.2		Non-identified inter-frequency cells
If Ncarrier ≤ k, keep current requirements for non-identified inter-frequency cells, i.e. cell identification requirement is 10* Ncarrier sec (assuming 10 seconds per carrier since legacy requirement was 30 seconds for 3 carriers).

[bookmark: _GoBack]If Ncarrier > k, modify current requirements for ‘k’ inter frequency carriers in the normal performance group as (10* k) sec and modify requirements for the additional (Ncarrier-k) inter frequency carriers in the low performance group as follows: for non-identified inter-frequency cells, increase cell identification requirement to 10** (Ncarrier-k) seconds.
7		Conclusion
This contribution has evaluated options A/B/C/D discussed in the way forward in RAN4#70bis for idle/CELL_PCH/URA_PCH states. In addition, Option 5 in the way forward document [5] during RAN4#70 was considered. This contribution has also provided proposed changes to inter-frequency and inter-RAT measurement requirements. Finally, this contribution has the following proposals for the finalization of measurement requirements when the number of carriers to monitor in Idle/URA_PCH/CELL_PCH states is increased. 
Proposal 1: Choose Option D for inter-RAT E-UTRA measurements and inter-frequency measurements with increased number of carriers.

Proposal 2a When Srxlev < Spioritysearch1 or Squal < Spioritysearch2, the serving cell quality is not sufficient and requires cell-reselection, none of the higher priority layers and all lower priority layers shall be monitored out of the (Ncarrier -) additional carriers.

Proposal 2b: When Srxlev < Spioritysearch1 or Squal < Spioritysearch2, the serving cell quality is not sufficient and requires cell-reselection, only ‘m’ layers shall be monitored out of the (Ncarrier -) additional carriers. ‘m’ can be implicitly or explicitly signaled by the network.

Proposal 3: UTRAN signals the number of inter-RAT E-UTRA carriers  in the normal performance group 

Proposal 4: UTRAN signals the scale factor  for the cell reselection delay in the low performance group.

Proposal 5: Allowed range for inter-RAT E-UTRA carriers is 


Proposal 6: Allowed range for  is 


Proposal 7: Not all combinations of and are allowed.
Proposal 8: UTRAN signals the number of inter-frequency carriers ‘k’ in the normal performance group 

Proposal 9: Allowed range for inter-frequency carriers is 


Proposal 10: Not all combinations of and are allowed.
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