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1	Introduction 
[bookmark: _GoBack]In RAN4#71, two key agreements were that UTRA shall signal the scale factor for requirements relaxation in CELL_FACH and CELL_DCH, and, the scale factor can be fixed for Idle/CELL_PCH/URA_PCH. At most four scaling factor settings would be necessary for explicitly signalling in CELL_FACH and CELL_DCH which translates to 2 bits of signalling. RAN4 agreed to explore whether 3 scale factor options are good enough or whether we need 4 scale factor options in CELL_FACH and CELL_DCH. 
In RAN4 #71AH RRM Adhoc meeting, the discussion was on how to define the scaling factor for idle/connected mode, how many carriers should be in each group (i.e. normal/reduced performance) and how to differentiate the carriers from each group. It has been agreed that the scaling factor s=6 shall be used for UTRA and E-UTRA in idle mode. The scale factor set for connected state is still FFS and needs to be finalized in the RAN4#72 [2].
In this contribution, we present proposals on the following (a) number of carriers in the normal performance group, (b) whether 3 scale factor options are good enough or whether we need 4 scale factor options in CELL_FACH and CELL_DCH and (c) approach to reduce the number of carriers in the reduced performance group also refered to as Option 5. Companion CRs in this meeting propose modifications required to the 25.133 specification.
2		Number of carriers in normal performance group
In the last meeting, [3] presented some analytical results on the dependence of cell identification delay on the scale factor value for a given ‘k’ (number of normal performance carriers) in CELL_DCH and CELL_FACH states. While cell identification delay performance was chosen in [3], similar observations can be made for cell measurement delay as well. One key takeaway from the analysis in [3] is that there exists a trade-off between the cell identification delay for normal and reduced performance group as a function of scale factor ‘s’. In other words, as ‘s’ increases, the cell identification delay decreases for the normal performance group while it increases for the reduced performance group. Moreover, for certain values of ‘s’, normal performance carriers may have worse delay performance than reduced performance carriers which is not desirable. So there exists a desirable range of values for ‘s’ which not only achieve a good trade-off in delay performance between normal and reduced performance carriers but also ensures that normal performance carriers have lower delay than reduced performance carriers. Another takeway from the analysis in [3] is that delay performance of normal and reduced performance carriers as a function of ‘s’ also depends on ‘k’. In other words, for a larger value of ‘k’, the preferable range of values for ‘s’ are higher. Also, for a larger value of ‘k’, the delay of normal performance group is higher since delay is directly proportional to ‘k’.
[4] proposed that a side condidion be specified that the number of normal performance carriers shall be less than or equal to the legacy number of carriers. The remaining carriers up to the new minimum requirement of the increased carrier monitoring work item have reduced performance. This proposal seems very reasonable since we can avoid the cell reselection delay dependency on the value of ‘k’ and also ensures that normal performance group does not have very large identification/measurement delay. Also, having an additional option of all carriers in the normal performance group and none in the reduced performance group should be fine. 
In general, for any ‘k’, choosing k < (s-1)*r (‘r’ is the number of carriers in reduced performance group) can definitely ensure normal performance group always has lower delay than reduced performance group and the lower bound on ‘s’ obtained from simulations results presented in [3] match very well with the lower bound on ‘s’ obtained with this inequality. Though r=0 is a valid scenario, plugging it into the inequality does not yield the right result because r=0 implies we do not have a reduced performance group and inequality condition does not hold.
Some companies showed a preference to set the scale factor ‘s’ by using M gaps out of every N gaps for reduced carrier measurements i.e. s=(N/M). For M=1 and N=6, s equals 6 and the other scale factors were chosen as multiples of 6. While that was the proposal for LTE, UMTS could take the same approach. Regarding number of scale factors being 3 or 4, for UMTS we think there is no reason to limit it to 3 values and 4 values gives more flexibility. Regarding why we need very large scale factors, the reason is that since there is a trade-off in delay performance between normal and reduced performance layers, a large scale factor on reduced performance group can minimize delay performance for normal performance group. 
Proposal 1: The number of carriers ‘k’ in the normal performance group shall be less than or equal to the legacy number of carriers. An additional option of all carriers in the normal performance group and none in the reduced performance group can be defined.
3		Scale factor options
Another aspect to finalize based on discussions in RAN4#71 was whether 3 scale factor options are good enough or whether we need 4 scale factor options in CELL_FACH and CELL_DCH out of the four possible scaling factor settings which translates to 2 bits of signalling. As discussed in [3], we believe that using all 4 possibilities of scale factor settings gives the operators maximum flexibility to configure the UEs according to the delay performance trade-off between normal and reduced groups. ‘s’ can be chosen based on the condition k < (s-1)*r. 
	Number of Carriers in Normal Performance Group
	Minimum Value of ‘s’
	Proposed values of ‘s’

	1
	1.25
	{1.25, 4, 8, 16}

	2
	1.667
	{1.667, 4, 8, 16}

	3
	2.5
	{2.5, 4, 8, 16}

	4
	5
	{5, 8, 12, 16}

	5
	None
	None



Proposal 2: For UTRA CELL_DCH and CELL_FACH states, when number of carriers ‘k’ in the normal performance group is equal to the legacy number of carriers, choose 4 possibles values of ‘s’ i.e. 1.667,4,8,16 mapped to the 4 possible scale factor options being signaled.
4	Approach to reduce number of carriers in the reduced performance group
The specific aspect for further consideration was to determine how to reduce the number of reduced performance 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. The following two proposals and corresponding arguments were made in [7], [8].

(i) 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.

(ii) 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 (i), 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.
(ii) 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.
According to [9] when serving cell quality is low, i.e. if SrxlevServingCell <= Sprioritysearch1 or SqualServingCell <= Sprioritysearch2, the UE shall perform measurements of inter-frequency/inter-RAT layers of equal or lower priority, dropping higher priority layers in reduced performance group may be ok in order minimize the delay performance of reduced performance group since dropping equal or lower priority layers would violate that rule. But it would be good to ensure that the operators are ok with the proposal as well.

Proposal 3: 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 -) layers in the reduced performance group.
5		Conclusion
This contribution has presented the following proposals on (a) number of carriers in the normal performance group, (b) whether 3 scale factor options are good enough or whether we need 4 scale factor options in CELL_FACH and CELL_DCH and (c) approach to reduce the number of carriers in the reduced performance group also refered to as Option 5.
Proposal 1: The number of carriers ‘k’ in the normal performance group shall be less than or equal to the legacy number of carriers. An additional option of all carriers in the normal performance group and none in the reduced performance group can be defined.
Proposal 2: For UTRA CELL_DCH and CELL_FACH states, when number of carriers ‘k’ in the normal performance group is equal to the legacy number of carriers, choose 4 possibles values of ‘s’ i.e. 1.667,4,8,16 mapped to the 4 possible scale factor options being signaled.

Proposal 3: 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 -) layers in the reduced performance group.
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