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At RAN2#AH1801, we had the following agreements on cell quality derivation:

2
As baseline of cell reselection: for multiple beams, the derivation formula used in Connected mode for cell quality is also applicable to Idle mode; i.e. the quality is calculated as a linear average over up to N best beams above a threshold which are configured per carrier and broadcasted. Further optimization can be considered, e.g., considering on the number of actual good beams (the quality of the beam is above the threshold) for cell reselection.

As mentioned above, further optimization to the agreed cell quality derivation rule can be considered. In this paper, we analyze some possible optimization and provide our views on these optimization mechanism.
Discussions
During the online discussion on cell quality derivation rule in idle and inactive state at RAN2#1801, lots of companies raised concerns about applying the same cell quality derivation rule as in connected mode and proposed some possible optimization mechanisms. The proposed optimization mechanisms can be summarized into the following two directions:

Optimization 1: Considering on the number of actual good beams (the quality of the beam is above the threshold) for cell reselection.

We understand the motivation of such optimization was to make the UE re-select the cell which detected with multiple good enough beams (although its best beam is somewhat lower than others) rather than the cell which detected with single good beam. For this purpose, some companies want to add some bonus for cells with more good beams while add some penalty to cells with less good beams when deriving the cell quality.

Solution 1: Adding offset.

As described in [1], potential methods have been proposed to consider the number of good beams by adding offsets:

Option1: Liner average of N best beams + K*Delta1. 

Option2: Liner average of N best beams + (K-N)*Delta2.

K is the actual number of good beams above the threshold, Delta is the basic offset added by per good beam. 

Option 1 can be seen as adding bonus to cells with more good beams while option 2 can be seen as adding penalty to cells with less good beams. For both option 1 and option 2, the more the number of good beams, the more the offset added to the cell quality. 

Considering the above two options, one potential problem is that, with different value of the offset we may have different cell ranking results.

Following Table 1 gives an example of three neighbouring cells working on the same frequency and even configured with same number of beams. UE can detect 3 good beams from cell#1, 2 good beams from cell #2 and only one good beam from cell #3. Option 1 is applied with different value of Delta 1 and the highest ranked cell is highlighted:

Table1. Neighbouring cells’ quality with different number of good beams

	Neighbouring cells working on the same frequency and configured with same number of beams
	Cell1 with 3 good  beams
	Cell2 with 2 good beams
	Cell3 with 1 good beam

	Detected good beams’ quality above the threshold: -110dBm (10-11mw), N=3.
	-105dBm (3.16*10-11mw)
-105dBm (3.16*10-11mw)
-100dBm (10*10-11mw)
	-102dBm (6.31*10-11mw)
-100dBm (10*10-11mw)
	-100dBm (10*10-11mw)

	Cell quality without considering number of  good beams
	5.44*10-11mw
	8.155*10-11mw
	10*10-11mw

	Delta 1 = 1
	8.44*10-11mw
	10.155*10-11mw
	11*10-11mw

	Delta 1 = 2
	11.44*10-11mw
	12.155*10-11mw
	12*10-11mw

	Delta 1 = 3
	14.44*10-11mw
	14.155*10-11mw
	13*10-11mw


As shown in Table 1:

With Delta 1= 1, the ranking of the three neighbouring cells will be: Cell #3 > Cell #2 > Cell #1;

With Delta 1= 2, the ranking of the three neighbouring cells will be: Cell #2 > Cell #3 > Cell #1;

With Delta 1= 3, the ranking of the three neighbouring cells will be: Cell #1 > Cell #2 > Cell #3.

Similarly, we apply option 2 to the following three cells in Table 2 with different value of Delta 2 and highlight the highest ranked cell:

Table2. Neighbouring cells’ quality with different number of good beams

	Neighbouring cells working on the same frequency and configured with same number of beams
	Cell1 with 3 good  beams
	Cell2 with 2 good beams
	Cell3 with 1 good beam

	Detected good beams’ quality above the threshold: -110dBm (10-11mw), N=3.
	-108dBm (1.58*10-11mw)
-105dBm (3.16*10-11mw)
-100dBm (10*10-11mw)
	-102dBm (6.31*10-11mw)
-100dBm (10*10-11mw)
	-100dBm (10*10-11mw)

	Cell quality without considering number of  good beams
	4.91*10-11mw
	8.155*10-11mw
	10*10-11mw

	Delta 2 = 1
	4.91*10-11mw
	7.155*10-11mw
	8*10-11mw

	Delta 2 = 2
	4.91*10-11mw
	6.155*10-11mw
	6*10-11mw

	Delta 2 = 3
	4.91*10-11mw
	5.155*10-11mw
	4*10-11mw

	Delta 2 = 4
	4.91*10-11mw
	4.155*10-11mw
	2*10-11mw


As shown in Table 2:

With Delta 2= 1, the ranking of the three neighbouring cells will be: Cell #3 > Cell #2 > Cell #1;

With Delta 2= 2, the ranking of the three neighbouring cells will be: Cell #2 > Cell #3 > Cell #1;

With Delta 2= 3, the ranking of the three neighbouring cells will be: Cell #2 > Cell #1 > Cell #3;

With Delta 2= 4, the ranking of the three neighbouring cells will be: Cell #1 > Cell #2 > Cell #3.

With the above examples applying option 1 and option 2, we can see that with different value of the offset we may have different cell ranking results. The initial motivation of considering the number of good beams is to keep fair comparison between cells with different good beams. However with an inappropriate offset value, the comparison can be even more unfair. In this way, we might as well not consider the number of good beams. Thus, we have the following observation:

Observation 1: With different offset values, we may have different ranking results for cells with different number of good beams. An inappropriate offset value may lead to unfair comparison between cells when taking the number of good beams into consideration .
Solution 2: Complementing fictive beams

In addition, a fictive beam mechanism was also proposed in [2] to consider on the actual number of good beams. To favor a cell having more good beams, it was proposed to even out the number of beams used in the averaging, ensuring that N beams are used in averaging for cell quality derivation in the cell ranking. If a cell has less than N beams above the threshold, these beams can be complemented by additional beams up to N beams. Since these complementing beams do not exist, they could be seen as “fictive beam”. The quality values used for such complementing, fictive beams should be fixed and should be set to a value that does not favour the cell, but rather slightly disfavour it in the cell ranking. 

Option 1: The quality value for the complementing fictive beams is set equal to or slightly smaller than the threshold.

Option 2: The quality value for the complementing fictive beam is set in relation to the best beam of the cell, e.g. Qfictive= s* X W, where 0 < s < 1 and X is the quality value of the best beam in the cell.
Similarly, considering the above two options of complementing fictive beams, one potential problem is that, with different quality value of the fictive beams, we may have different cell ranking results.

The following Table 3 gives an example of three neighbouring cells working on the same frequency and even configured with same number of beams. UE can detect 3good beams from cell #1, 2 good beams from cell #2 and only one good beam from cell #3. Option 1 is applied using fictive beams with different quality values and the highest ranked cell is highlighted:
Table3. Neighbouring cells’ quality with different number of good beams

	Neighbouring cells working on the same frequency and configured with same number of beams
	Cell1 with 3 good  beams
	Cell2 with 2 good beams
	Cell3 with 1 good beam

	Detected good beams’ quality above the threshold: -110dBm (10-11mw), N=3.
	-108dBm (1.58*10-11mw)
-105dBm (3.16*10-11mw)
-105dBm (3.16*10-11mw)
	-102dBm (6.31*10-11mw)
-110dBm (1*10-11mw)
	-102dBm (6.31*10-11mw)

	Cell quality without considering number of  good beams
	2.63*10-11mw
	3.655*10-11mw
	6.31*10-11mw

	Fictive beam quality = -110dBm (10-11mw) 
	2.63*10-11mw
	2.77*10-11mw
	2.77*10-11mw

	Fictive beam quality = -112dBm (0.63*10-11mw)
	2.63*10-11mw
	2.65*10-11mw
	2.52*10-11mw

	Fictive beam quality = -115dBm(0.32*10-11mw)
	2.63*10-11mw
	2.54*10-11mw
	2.32*10-11mw


As shown in Table3:

With Fictive beam quality =-110dBm (10-11mw) , the ranking of the three neighbouring cells will be: Cell #3 = Cell #2 > Cell #1;

With Fictive beam quality = -112dBm (0.63*10-11mw), the ranking of the three neighbouring cells will be: Cell #2 > Cell #1 > Cell #3;

With Fictive beam quality =-115 dBm(0.32*10-11mw), the ranking of the three neighbouring cells will be: Cell #1 > Cell #2 > Cell #3.

Similarly, we apply option 2 to the following three cells in Table 4 using fictive beams with different quality values and highlight the highest ranked cell:

Table4. Neighbouring cells’ quality with different number of good beams

	Neighbouring cells working on the same frequency and configured with same number of beams
	Cell1 with 3 good  beams
	Cell2 with 2 good beams
	Cell3 with 1 good beam

	Detected good beams’ quality above the threshold: -110dBm (10-11mw), N=3.
	-105dBm (3.16*10-11mw)

-102dBm (6.31*10-11mw)

-100dBm (10*10-11mw)
	-102dBm (6.31*10-11mw)
-100dBm (10*10-11mw)
	-100dBm (10*10-11mw)

	Cell quality without considering number of  good beams
	6.49*10-11mw
	8.155*10-11mw
	10*10-11mw

	Qfictive= s* X W, s=0.8
	6.49*10-11mw
	8.10*10-11mw
	8.67*10-11mw

	Qfictive= s* X W, s=0.6
	6.49*10-11mw
	7.44*10-11mw
	7.33*10-11mw

	Qfictive= s* X W, s=0.4
	6.49*10-11mw
	6.77*10-11mw
	6*10-11mw

	Qfictive= s* X W, s=0.2
	6.49*10-11mw
	6.10*10-11mw
	4.67*10-11mw


As shown in Table 4:

With Qfictive= s* X W, s=0.8, the ranking of the three neighbouring cells will be: Cell #3 > Cell #2 > Cell #1;

With Qfictive= s* X W, s=0.6, the ranking of the three neighbouring cells will be: Cell #2 > Cell #3 > Cell #1;

With Qfictive= s* X W, s=0.4, the ranking of the three neighbouring cells will be: Cell #2 > Cell #1 > Cell #3;

With Qfictive= s* X W, s=0.2, the ranking of the three neighbouring cells will be: Cell #1 > Cell #2 > Cell #3.

With the above examples applying option 1 and option 2, we can see that with different quality value of the complementing fictive beams, we may also have different cell ranking results. 

Observation 2: With different quality value of the complementing fictive beams, we may have different ranking results for cells with different number of good beams. Complementing inappropriate fictive beams may lead to unfair comparison between cells when taking the number of good beams into consideration .
With the above examples and analysis, we have some concerns about optimization 1 (i.e. considering the number of good beams). Without details on the value of the added offsets or the quality value of fictive beams, we can not decide whether considering the number of good beams brings has positive effects on cell quality derivation. Or just the opposite, adding some inappropriate offsets or complementing some inappropriate fictive beams may lead to even more unfair comparison between cells during cell ranking. Simulation  results are also required to prove the benefits of adding offsets or complementing with fictive beams.

Thus, we have the following proposal:

Proposal 1: RAN2 is kindly asked to discuss and evaluate the details of optimization (i.e. considering the number of good beams) to the current cell quality derivation formula in idle and inactive state. Details (e.g. the value of the added offsets or quality value of the complementing fictive beams) and simulation results to prove the benefits of such optimization are required before we agree on considering the number of good beams.

Another optimization approach was also proposed:

Optimization 2: For cell reselection for RRC_IDLE and RRC_INACTIVE UEs, cell quality derivation should be based on the best beam (i.e. N=1).

Our concern about such optimization is that UE may suffer from frequent cell reselection and ping-pong since it is very likely that cells with one single good beam are selected. To avoid this problem, N should be greater than 1.

Thus, we have the following proposal:

Proposal 2: For cell reselection for RRC_IDLE and RRC_INACTIVE, the cell quality is calculated as a linear average over up to N (i.e. N>1) best beams above a threshold which are configured per carrier and broadcast. 

Conclusion

This contribution analyzes some possible optimization to the cell quality derivation formula in idle and inactive state and we have the following observations and proposals:.

Observation 1: With different offset values, we may have different ranking results for cells with different number of good beams. An inappropriate offset value may lead to unfair comparison between cells when taking the number of good beams into consideration .

Observation 2: With different quality value of the complementing fictive beams, we may have different ranking results for cells with different number of good beams. Complementing inappropriate fictive beams may lead to unfair comparison between cells when taking the number of good beams into consideration .

Proposal 1: RAN2 is kindly asked to discuss and evaluate the details of optimization (i.e. considering the number of good beams) to the current cell quality derivation formula in idle and inactive state. Details (e.g. the value of the added offsets or quality value of the complementing fictive beams) and simulation results to prove the benefits of such optimization are required before we agree on considering the number of good beams.

Proposal 2: For cell reselection for RRC_IDLE and RRC_INACTIVE, the cell quality is calculated as a linear average over up to N (i.e. N>1) best beams above a threshold which are configured per carrier and broadcast. 
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