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1 Introduction
During RAN4#71 and RAN4#71AH meetings different proposals for RRM requirements due to increased number of carriers for UE to monitor have been presented. Based on those proposals RAN4 has agreed WFs [1] and [2] where further agreements have been captured as well as remaining issues which require additional study are listed. Those remaining issues are connected with network signalling which inform UE about:

· split of monitoring carriers between two groups (normal performance group and reduced performance group) 

· scaling factor values which apply to carriers from reduced performance group in connected states.

In this contribution we analyse remaining issues connected with second bullet above, i.e. detailed scaling methodology and values of scaling factor.
2 Discussion
After discussions and agreements made during RAN4#71 meeting in Seoul and RAN4#71AH meeting in Beijing, following open issues can be identified for both UTRA and E-UTRA in connection with network signalling to indicate the scaling factor value:
1. How many scaling factor values will apply for reduced performance group (3 or 4)?

2. What should be exact values of scaling factor for connected states?

3. How to calculate scaling factor values for normal performance carriers in connected states?
4. Whether default scaling factor is needed for connected states in case of lack of network signaling and what should be value of this scaling factor?
In following subsections each of above points is discussed and concluded.

2.1.    How many scaling factor values will apply for reduced performance group? 
RAN4 considers that at most 4 scaling factor settings would be necessary for E-UTRA reduced performance carriers and at most 4 different scaling factor values would be needed and explicitly signalled. However some concerns were raised during RAN4#71 meeting that only up to 3 scaling factor settings should be allowed to limit UE implementation complexity. Since scaling factor value has been decided to be signalled by the network, 2 bits would be needed to indicate 3 or 4 scaling factor values. So from signalling point of view there would be no reasons to limit the number of scaling factor settings from 4 to 3. Another aspect to consider is the UE implementation complexity where support of additional scaling factors could have impact. The complexity impact on UE side depends of course on the specific implementations, but likely the biggest complexity comes from introduction and support of the feature and supporting more than single hard coded scaling factor rather than from whether there are 3 or 4 scaling factors. Additionally one should also consider the testing effort and here the increase in amount of options will have an impact. On the other hand having additional scaling factors allowed would give more flexibility to the network.
Proposal 1: 4 scaling factor settings should be allowed to be signalled for reduced performance carriers for enabling better network flexibility.  
2.2.  Exact values of scaling factor for connected states
During the discussion on scaling factor value for connected states two different strategies have been identified among companies in RAN4:

a. define higher values of s in order to:

· ensure better performance of carriers from normal group compared to carriers from reduced group,

· limit the impact on requirements for carriers from normal performance group, i.e. make the performance close to legacy requirements,

· reduce UE power consumption due to slowing down measurements on reduced performance carriers;
b. define lower values of s to keep cell identification/measurement delay on reduced carriers short.

Our preference is to define higher values of s due to reasons presented above. Also the reason for having lower scaling factor values seems to be not so critical according to our understanding, as reduced performance carriers are expected to be utilized for offloading purpose, where time delay is not so crucial.
Another important input to the discussion is that the scaling factor values should be chosen such that there would be a noticeable difference in the performance of the reduced carrier group depending on the chosen scaling factor. If the scaling factor values are chosen too close it would in practice mean that there would be no difference in reduced performance outcome from the different scaling factors used. In the field the performance difference would be small (maybe too small to make any practical difference) – thus RAN4 would design a solution for IncMon in which there in practical case will only be 1 scaling factor.
It has also been raised in discussions that it could be beneficial from the system perspective to be able to ensure that the detection times of reduced performance group carriers would not be too much degraded compared to legacy performance. As scaling is based on ‘assigning’ different amount/ratio of gaps to normal and reduced performance carriers, using too low scaling factor s value results in practise identical performance between normal and reduced performance groups and also similar performance as can be achieved by measuring all carriers in an equal manner.
Proposal 2: The scaling factor values needs to be chosen such that there is a noticeable difference in the performance of reduced performance carrier group and that performance is sufficiently differentiated from legacy method.  
Below is presented an analysis, which illustrates what would be the maximum number of normal performance carriers possible to configure if we want to ensure that reduced performance group carriers doesn’t end up having better performance than carriers in normal performance group. In Figure 1 we have depicted the crossover point for normal and reduced requirements, assuming single carrier is assigned to the reduced requirement group and using the scaling factor definitions for RRC connected state given the way forward [1]. 
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Figure 1. Crossover point for normal and reduced performance requirements as a function of scaling factor s assuming Nr=1.

In can be easily seen from the figure that as long as used scaling factor s is larger than the number of carriers in normal performance group (s≥Nnorm+1), the reduced requirements are not more stringent than normal requirements. 

From the above analysis it comes clear that in order to keep the requirement consistent there are two different options; either define the possible scaling factors so that they do not allow the normal and reduced performance ever to crossover (s≥8), or exclude the use of certain scaling factors for certain carrier performance grouping combinations.

Accounting the earlier discussion, the choice of suitable values would depend of course on the chosen approach for avoiding the performance crossover. If it is chosen to exclude such scaling factors that could cause crossover in any possible normal and reduced performance carrier combination, the selection of possible scaling factors is in principle setting a lower bound for the relaxed performance requirements. In Figure A.1 in Annex at the end of the document we have illustrated the relative impact of different scaling values compared to case s=8. As could be expected based on the scaling factor definition for the reduced performance requirements, for values greater than 8 the steps needs to be sufficiently large to provide meaningful impact to the reduced requirements (e.g. relax them further).  If the chosen approach is to exclude certain values from certain combinations, the option can be more to optimise the scaling value for given normal and reduced carrier combinations. As can be seen from Figures A.1 and A.2 in Annex, the biggest relative change (compared to fixed value) in performance through optimizing the scaling factors per carrier combination could be achieved small values of s (corresponding to low number of normal performance carriers).
In Annex B we present additional results comparing the achievable cell detection times with different number of carriers and s values. From these results it can be seen that when low number of carriers are considered having low value for scaling factor s leads to basically identical performance that can be achieved by measuring all carriers with an equal priority.

Based on the above analysis we propose to either define 4 different scaling factor values (according to agreement from [1]), with minimum value of s=8, or allow configurable s value according to relation Nn<(s-1)*Nr, disclosed in [3], when s will be chosen based on carriers combination to avoid side conditions. 
Proposal 3: Minimum value of s should be 8 and other values could be considered at between 12 and 24 with sufficient steps.
2.3. Calculation of scaling factor values for normal performance carriers in connected states
The following points have been agreed in [1] in regards to scaling methodology for connected states:

· The most general reduced performance delay requirement is s*Dsingle*number of reduced performance carriers where ‘s’ is the scale factor

· This could be realized (for example) by using M gaps out of every N for  reduced carrier measurements i.e. s=(N/M) 

· Dsingle is the corresponding single carrier delay requirement

· From the example, it follows that (N-M) out of N are available for normal carrier measurements

· The normal performance is s/(s-1)*Dsingle*number of normal performance carriers 

· In the example of using M gaps out of every N, s/(s-1)=N/(N-M)
The above methodology has been discussed during previous RAN4 meetings and was proposed as a final solution by several companies. This methodology seems to be well understood, simple and ensure similar requirements as in legacy case (for normal performance carriers) when a suitable scaling factor is chosen. Therefore, the cell identification and measurement delay for normal performance carriers in connected states should be defined as s/(s-1)*Dsingle*number of normal performance carriers.
Proposal 4: Cell identification and measurement delay for normal performance carriers in connected states should be defined as s/(s-1)*Dsingle*number of normal performance carriers.
Next is then to decide on which scaling factor ‘s’ values to choose. As mentioned above – in order for different scaling factors settings to have any practical meaning they need to be selected such that there would also be a real practical and noticeable difference in the field. Otherwise having different scaling factors becomes obsolete and only increases system complexity without any real gain.
As examples RAN4 could use e.g. scaling factor 8 as lower limit while upper limit could be discussed. In [2] we have provided relative impact of the scaling factors.
2.4. Default scaling factor for connected states in case of lack of network signaling and value of this scaling factor
Similarly to the discussion on default split of carriers between two groups of carriers in case of lack of signalling from network, a default scaling factor value should be defined for connected states. Several time it has been mentioned that a higher value of scaling factor will minimize impact on requirements from normal performance group and limit increase of UE power consumption, from monitoring an increased amount of carrier. For these reasons it is desirable to define high value of default scaling factor, which could be similar to idle states value.
Proposal 5: Scaling factor value of 8 should be defined as default scaling factor for connected states in case of lack of network signalling.

3 Conclusion 

This contribution discusses further open issues connected with methodology of requirements scaling as well as signalling of scaling factor values. Following proposals are presented:
Proposal 1: 4 scaling factor settings should be allowed to be signalled for reduced performance carriers for enabling better network flexibility.  
Proposal 2: The scaling factor values needs to be chosen such that there is a noticeable difference in the performance of reduced performance carrier group and that performance is sufficiently differentiated from legacy method.  
Proposal 3: Minimum value of s should be 8 and other values could be considered at between 12 and 24 with sufficient steps.
Proposal 4: Cell identification and measurement delay for normal performance carriers in connected states should be defined as s/(s-1)*Dsingle*number of normal performance carriers.
Proposal 5: Scaling factor value of 8 should be defined as default scaling factor for connected states in case of lack of network signalling.
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Figure A.1. Relative change of reduced requirements as a function scaling factor s’, compared to case s=8 

[image: image3.png]2,00

Scaling value [s/(s-1)] as a function of s for normal requirements

28

32




Figure A.2. Scaling value for normal requirements as a function of s 

Annex B
In this Annex we present additional results comparing the inter-frequency cell detection times achievable with different number of carriers (normal [Nn] and reduced [Nr]) with range of scaling values. In results presented in this section we have evaluated the detection times with lower s-values, and compared those to case where all carriers are measured with equal priority (e.g. similarly as in legacy). The relative and absolute time difference between normal and reduced carrier detection times compared to the case when all carriers are measured equally are given in the figures.
In Figure B.1 and B.2 we show the inter-frequency cell detection times for Nn=3 and Nn=2 for range of s values assuming that Nr=1.  As indicated by Figure 1, the crossover point can be seen on both figures at s=4 (for Nn =3) and s=3 (for Nn =2). I.e. at these points the detection time of normal and reduced performance carriers is equal. As also could be expected the performance is also equal to the legacy methodology (when all carriers are measured equally) in these points. In case of Nn =3 in Figure B.1 it can also be seen that the order of normal and reduced performance carrier groups is changed. Thus in more general way, in order the normal and reduced carriers detection times not to cross over, (i.e. to meet the inequality Nr*s≥ Nn*s/(s-1)). s needs to be s≥ Nn/Nr +1. Based on these results it would seem that in case of low number carriers are considered, it does not seem beneficial to use low scaling factor.
In Figure B.3 the detection times are also shown for s=3 accounting larger number of carriers than in afore mentioned cases. When the number of carriers is increased the low scaling factor can be used in some extent to even out the performance difference between the two groups of carriers, while sustaining reasonable difference compared to the case that carriers are measured in equal manner
It can be seen from these figures that when low number of carriers are considered, having low value for scaling factor s leads to basically identical performance that can be achieved by measuring all carriers with an equal priority. When number of carriers is increased (s≥ Nn/Nr +1), lower s values could be used limit the impact to reduced performance group.
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Figure B.1. Inter-frequency cell detection times for Nn=3, Nr=1, s=[3,4,6,8]
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Figure B.2. Inter-frequency cell detection times for Nn=2, Nr=1, s=[3,4,6,8]
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Figure B.3. Inter-frequency cell detection times for different Nn and Nr values for s=3
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