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1. Introduction

In last RAN2#101bis meeting, it was agreed that “Number of actual good beams needs to be considered in cell quality derivation or cell reselection rule for cell reselection. One solution should be brought to next meeting”. 
Besides, the following email discussion was allocated:

[101bis#66][NR] Good beams in cell reselection (CMCC)

      Progress solution for consideration of the number of actual good beams in cell reselection

      Intended outcome: Report to next meeting

      Deadline: Thursday 2018-05-10
Given that the potential solution is available and quite convergent, the rapporteur would like to organize it into two phases to progress this email discussion in an efficient way:

Phase 1: Solution determination, deadline 30 April 2018

Phase 2: Potential TPs&CRs, deadline 7 May 2018
In Phase I, the objective is to determine a single solution according to the agreement at RAN2#101bis. 

In Phase 2, the objective is to work out an agreeable TP/CR set for the potentially impacted specifications.
2. Discussion 
According to both online and offline discussions in Sanya, the majority of the participating companies would like to select following option 2.2 in [1] as the candidate solution for further work: 

Option2.2: Liner average of up to N best beams + Delta*(K-N)

Where, “Liner average of up to N best beams” refers to the formula agreed for connected UE, by averaging the best beam with the up to N-1 best beams above absolute configured threshold, and independent N and independent threshold should be configured per carrier frequency. Delta*(K-N) refers to the offset added by the number of good beams, and K is the actual number of good beams above the threshold, Delta is the basic offset added by per good beam. And similar to threshold and N, Delta is also configured per carrier. 
It means that when K is larger than N, positive offset will be added. Whereas, negative offset will be added when K is less than N, which means that when the number of good beams UE detects from one cell is not enough, the cell quality will be degraded. 

Also, the solution can fallback to solution of connected mode by not configuring Delta.

The main advantages of this solution option 2.2 are identified as follows:

1. Help UE to reselect to stable cell with multiple good beams that above the configured threshold.

2. Achieve tradeoff between throughput (by considering linear averaging of up to N best beams) and reliability (by considering number of good beams).

3. Align the UE behaviour of idle mode and connected mode, i.e. if gNB wants to consider both cell quality and beams’ quality, it can configure UE to report beams’ quality in connected mode and configure the Delta for idle UE. Vice versa, if gNB wants to consider only cell quality, it will not configure UE to report beams’ quality in connected mode and will not configure the Delta for idle UE either. Therefore, it can mitigate ping-pong which happens when UE transits between idle and connected mode.

Question 1: Are you fine with the above solution (i.e. the option 2.2)?

	Company
	Yes/No
	Remark

	MediaTek
	Yes
	The proposed method resolves the “unfair cell ranking” problem with only one additional parameter; it’s simple and effective.

Regarding the formula, we would prefer to write it as

Liner average of up to N best beams - Delta*(N-K)
The result is the same, but the minus sign shows that a deduction on cell quality is introduced for cells with less than N good beams. 

	Nokia
	No
	Regarding advantages listed for option 2.2.:

1. It might good to clarify what is considered as good beam. I assume any beam above the same threshold used for cell quality derivation (so far without taking good beams into account)?
[CMCC] Yes, same to connected mode, the beams above threshold are considered as good beams.
2. Not sure what this means? Is there some throughput consideration in IDLE? And why would this solution increase throughput?

[CMCC] The throughput consideration here means the throughput after UE enters connected mode, which to some degree can be reflected by the linear average of up to N best beams.
3. This seems to be quite unfortunate assumption that we define solution which has problems then just say that don’t activate the solution to avoid the problem. If this is really the case probably better not to define any solution. 

[CMCC] Maybe there is some misunderstanding, we mean option 2.2 could give the flexibility to gNB and/or operators. 

Anyway, for option 2.2 seems to consider that cell having many not so good beams above threshold UE would consider this cell as very good.  So this kind of cell would be better than a cell with a very good beam. This does not seem to be good idea.
[CMCC] Since both the threshold and Delta are configured by gNB, by configuring higher threshold and lower Delta, the ranking of the cell with a very good beam will still be high-ranking even after been degraded due to less number of good beams. 
Furthermore, for the cell with a very good, it’s quite probably that the cell also has multiple other good beams above the threshold. So its cell quality will not be degraded so much.

	CMCC
	Yes
	

	OPPO
	Yes 
	We also agree with CMCC and MediaTek that Solution 2.2 is quite reasonable. Based on the solution, the UE could consider the qualified beam numbers when performing the cell re-selection. Regarding the change made by MediaTek, it seems that it’s OK for us.

	CATT
	Yes
	We think Solution 2.2 is more simple and straightforward, due to the value of Delta and N both are configurable per carrier, it’s easy to achieve balance between stability and  cell quality. More addition, based on UE’ feedback, the smart network can adjust the value of Delta and N to optimize the cell quality derivation procedure.

	Samsung
	No
	We believe options 2.1 and 2.2 are not actually solving the beam mismatch problem which may enduce ping-pong due to the best beam mismatch. 
To clearify the problem, UE needs to know the number of good beams and quality of beams only when UE measured cell qualities from different cells are ‘similar’ with each other. If the averaged cell quality has big difference, there is no problem. If the cell qualities from different cells are ‘similar’ and the number of good beams are different, even if we utilize the option 2.2, 
1.  Delta cannot make UE to choose the best good beam own cell.
This is the problem of having ‘absolute threshold’. If the ‘averaged cell quality’ is similar, UE cannot tell which cell has the best good beam even if it uses option 2.1 or 2.2. 
2.  Delta must be 0 or positive and this just makes UE to choose cells with more K. This can also be achieved with option 2.3 without specifying the value delta.
If used, delta cannot be negative since it is inappropriate for making UE to choose cell with small K,
3.  Specifying single common value of delta seems impossible considering all the different conditions of each UE and different beam numbers(K-N) at each different measurement occasion. 
Hence, we don’t believe the beam mismatch problem can be solved with just one ‘delta’ value and this obviously cannot solve ping-pong which was the original motivation. 

	ASUSTeK
	Yes
	We are fine with option 2.2. We think option 2.2 is more aligned with target cell selection in connected mode and agree with the advantages identified by the Rapporteur.

	vivo
	Yes
	Option 2.2 is the most straightforward approach to consider the actual good beam. 

Meanwhile, network have the flexibility to configure the number N and the threshold for good beam. 
Actually, by reasonable configuration, there is no difference between Option 2.2 and Option 2.3. 

	Apple
	Yes
	We are fine with option 2.2, since it has good compatibility with measurement in connected mode, and also brings the configuration flexibility to network.  
For the compatibility, in case of no “delta” configuration, the measurement operation in CONNECTED and IDLE is same. 

For the network flexibility, network can reflect its consideration via the “delta” configuration on the cell quality derivation in IDLE, e.g. stability.  

	Huawei, HiSilicon
	Yes (with addition)
	The goal of this effort is to determine a simple solution for UE to make reselection decision without any ambiguity in all scenarios. 

We still slightly prefer the option 2.1 listed in CMCC contribution R2-1805519 since it is simple and straight forward – it includes most important factors of the suitable beam measurement and the number of the suitable beams. The no-beam-above-threshold case can be naturally further treated.

We are also fine with the option 2.2 since it includes the factors covered by 2.1 and the additional parameter N given that the N is properly configured to be associated with the beam reliability of this target cell. Since the equation of 2.2 is basically defined for the target cell with at least one beam above the quality threshold, we cannot simply apply the equation to the case of no-beams-above-threshold in any target cell(s). We believe this case should also be specified as in the connected mode: if there is no neighbouring target cell with any beam > threshold, the UE uses the highest beam measurement below the threshold as the cell quality metric and reselects to the cell with the best metric value.

As for the option 2.3 considering the separate metrics of beam measurement and number of suitable beams, we think it introduces ambiguities for a UE to make decision when the two metrics, beam measurement and number of suitable beams, of the different target cells are conflict. This will introduce the difficulties on specification and the complexity for implementation. For example, cell 1 can have higher cell level measurement and lower number of the suitable beams, while cell 2 can have lower cell level measurement but higher number of suitable beams. How a UE can select one of the cell in the conflict metric scenario will require additional rules with more complicated logic and metric quantity comparison.

	Ericsson
	No
	Changing the cell quality derivation will lead to situations where the cell quality derived with delta*(K-N) will be (significantly) worse than the quality simply derived with linear average of N best  beams. This will be especially problematic when e.g. evaluating the cell quality against s-criterion. 
For example, consider N=6, threshold for beam consolidation=-110 dBm, beam RSRP values of -107dBm, -109dBm, -120dBm, -120dBm, -120dBm, -120dBm and K=1, delta=1dB. With this example the linear average is -107.8 dBm, while delta*(K-N) is -111.8 dBm. Assuming s-criterion to be set to -110 dBm, using just linear averaging would result in the UE accessing the cell, while delta*(K-N) will lead the UE refraining from accessing the cell.
Even though the actual impact depends on the values of K, N and delta, it’s not possible to avoid the impact by configuration only. We are also worried that the it may be difficult to tune the parameters to suite all cells in a particular deployment. 
We note that other solutions, such as fictitious beam, or solutions in Section 2.3 do not suffer from this issue. 

	Sony
	Yes
	We think all options 2.1, 2.2 and 2.3 can be made to work however; option 2.2 seems to provide better control. So we are also fine with option 2.2

	Qualcomm
	No
	There is no difference between 2.1 and 2.2; they only differ by a fixed offset so I will use 2.1 below. 
Adding a K*delta to the linear average (I assume this is in dB domain) seems completely arbitrary and seems to be chosen just based on that it is easier to formulate and illusory resemblance to other formulas in our specs. However, there is   no mathematical or intuitive justification why any offset should linearly scale with the number of good beams. In linear domain, this is equivalent to multiplying the linear average by exp(K*delta). But then why not K^2, K^3, log (K) or any other function. There might a function f(Qb, K, delta), where Qb is the linear average, which can perform better than Qb in most situtations but I don’t think anyone knows or studied what that function would look like.
My understanding for the justification of linear average was that it corresponds to the quality if UE were to select one of the beams randomly. If this is the basic premise of baseline channel quality, an offset to give priority to cells with more good beams should be justified using a compatible logic, not by randomly adding/multiplying by an offset. Also note that, on surface adding an offset like this may seem similar to other formulas we have in our specs, in reality this is very different because of the fact that the offset added is scaled by a factor (K) which is unknown to the network. In addition, we are using the log of a linear average where K is in the denominator. In RRM and Idle mode mobility, a fixed offset configured by network is added to a single measured quantity.


	Interdigital
	No
	We also don’t think option 2.2 is an acceptable solution. 
With option 2.2, the liner average of up to N best beams will be reduced of delta*(N-K) no matter what is the quality of each of the K beams. Hence in this solution, all “good” beams will participate equally to the decrease/increase of chances to select that cell regardless of their actual quality, while the quality between good beams may vary considerably.
We think a solution that works for different use cases would have to take into account the number and quality of beams and option 2.2. doesn’t achieve this.   



	ZTE
	Yes
	For cells with similar average value, to help UE reselect to the cell with more good beams above the configured threshold, we are fine with both option 2.2 and option 2.3.

	LG
	No
	We doubtful with providing positive or negative offset for cell quality derivation. Our understanding of ‘N’ is that the number of best beams (i.e. beam quality is higher than a threshold) can be counted up to N, not the cells need to keep that many best beams.  The value of N can be configurable by the network, so we wonder how many cells may have that enough number of best beams. Then, do all the cells shall be degraded? So we do not think the cells who are K < N shall not be degraded.

 Similarly for the case of K > N, we think it is also not adequate to provide positive offset. We wonder the positive offset may allow the second best cell to be the target cell.

	Intel
	Yes
	We’re ok with this option. Also we think the more important case will be when K < N, so we may limit to that case. 


Question 2: If you are not fine with the solution and have another solution proposal, please provide your proposal here.

We invite companies to review and comment on the new proposed solutions here, if any.

	Company
	Remark

	Nokia
	R2-1805519 has option 2.3 which seems to be following:

·      the gNB configures a range within which cells’ quality can be deemed similar (e.g. x db below the highest cell quality), then UE reselects to the cell with more good beams among these cells.

Wouldn’t this option be better at avoiding cell with many not so good beams to become best one? 

	CMCC
	We prefer option 2.2 since for both option 2.2 and option 2.3, one offset or range is needed, the standard effort is same. But option 2.2 is more accurate by considering both quality and good beams’ number; option 2.3 is a bit rough by only considering good beams’ number among candidate cells.

	Samsung
	Among the options, we support the option 2.3 from R2-1805519 for the solution. 
We do not believe common single delta value from option 2.2 can be helpful for all the different UEs and measurements. We think this is unnecessary optimization which obviously cannot solve the original problem. 
In order to use option 2.2, we may need to configure each different delta values for the different number of other good beams, (K-N). And also we need to add the delta in the downlink signalling, and obviously this needs additional agreement and spec change (maybe system information).
However, option 2.3’s threshold is only for UE to count beams when the cell quality, ‘averaged N beams’ of cells are within range of the threshold and this could be easily fixed on the spec without any additional signalling. 

	Vivo
	Both Option 2.2 and Option 2.3 can be considered. There is no significant difference between them. 

	Huawei, HiSilicon
	We are fine with either the option 2.1 or 2.2 from R2-1805519. We believe that the case no-beam-above-threshold in any target cell(s) should also be specified. As long as there is a target cell with a beam > threshold, the UE can reselect to a cell with beam > threshold following the decision criteria 2.1 or 2.2. If there is no cell with any beam > threshold, using the highest beam measurement below the threshold as the target cell quality metric and reselect to the cell with the best metric. 

	Ericsson
	As explained above, changing cell quality may lead to issues when comparing with absolute threshold (e.g. s-measure), and we would prefer to adopt a solution, which avoids such comparisons. For example by impacting only the cell ranking instead of changing the cell quality derivation. Examples of acceptable solutions would be fictive beams (R-21804718) or option 2.3.

	Qualcomm
	We don’t think there is anything wrong with the baseline formula. If we were to presume that a cell with more good beams is more suitable or more stable than a cell with similar baseline but less beams, then something like option 2.3 works and is much simpler. But we believe that the premise of cells with more good beams being better is unjustified. The UE will only use one beam and in most (almost all) cases, this would be the best beam. If we follow this logic, another option could be to give higher priority to the cell with the best beam and move on to the second-best beam if the best beams are comparable. This can also be combined with option 2.3, i.e. used only when baseline qualities are comparable.

	Interdigital
	We would also agree to Option 2.3. 

	LG
	Same view with Qualcomm and we also prefer option 2.3. We can discuss what “the target cell with more good beams” means.

	OPPO
	Besides option 2.2, we are also fine with option 2.3 and option 3.


According to above discussions, some companies would like to select option 2.3 in R2-1805519: 

Option2.3: For the cells with similar average value, UE reselects to the cell with more good beams

For option 2.3, the formula to derive cell quality is the same with that of connected UE, but minor modification is introduced to the reselection rule, where UE prefers the target cell with more good beams. To achieve that, gNB configures a range within which cells’ quality can be deemed similar (e.g. x db below the highest cell quality), then UE reselects to the cell with maximum number of good beams among these cells.
Also, some companies think both option 2.2 and 2.3 can work. 
We invite companies to review and comment on the two candidate options (i.e. option 2.2 and option 2.3): 
Question 3: Are you fine with both option 2.2 and 2.3?

	Company
	Yes/No
	Remark

	CMCC
	Yes
	We can also accept option 2.3, although we prefer option2.2. We think both solutions can mitigate the problem for idle/inactive UE.

	Samsung
	No
	We prefer option 2.3 due to the reasons mentioned under Question 1.  

	Ericsson
	No
	We prefer option 2.3, as it does suffer from the issue mentioned in our answer to Question 1.

	OPPO
	Yes
	

	Qualcomm
	No
	If we were to select between them, obviously 2.3 is better simply because 2.2 doesn’t work. But we are still not convinced that the number of good beams should be part of this metric as there was no real technical justification (I am trying to get some simulation results, regarding the number and stability of beams during mobility). Since we are trying to optimize something, we should have good reason to do so.

	DCM
	Yes
	We can accept both option2.2 and option2.3.  we also prefer option2.3. 

	CATT
	Yes
	 Both can work

	Interdigital
	No
	We don’t find option 2.2 as an acceptable solution and have a preference for 2.3.


	Huawei & HiSilicon
	Yes
	We acknowledge Option 2.3 also considers the good-beams factor and could work, but we still much more prefer Option 2.1 or 2.2 since they are more effective and precise.

	Apple
	Yes
	We think both can work, and the performance is dependent on the RRC configuration. 


3. Conclusions

Based on above discussions, we made following observations and proposals:

Observations: 

· 18 companies participated in this email discussion and provided views.

· Option 2.2 is supported by 12 companies (MTK, CMCC, OPPO, CATT, ASUSTeK, vivo, Apple, Huawei&HiSilicon, Sony, ZTE, Intel, DCM), and Option 2.3 is supported by 7 companies (Nokia, Samsung, Ericsson, Qualcomm, Interdigital, LG, DCM). Option 1 (fictive beams), Option 2.1 and Option 3 are supported by 1 company, i.e. Ericsson, Huawei&HiSilicon, and OPPO, respectively.
· It is noted further that either Option 2.2 or Option 2.3 is acceptable to 9 companies (CMCC, OPPO, CATT, vivo, Sony, ZTE, DCM, Huawei&HiSilicon, Apple), and 6 companies (Nokia, Samsung, Ericsson, Qualcomm, Interdigital, LG) are not ready to accept Option 2.2.
Then we can conclude that: 
Option 2.3 is acceptable to 15 (Nokia, Samsung, Ericsson, Qualcomm, Interdigital, LG, DCM, CMCC, OPPO, CATT, vivo, Sony, ZTE, Huawei&HiSilicon, Apple) companies among 18 companies, i.e., a clear majority of the participating companies.
Therefore we propose the following proposal as the way forward:

Proposal1: Option 2.3 is selected as the single solution for cell reselection for multi-beam operation.
A corresponding TP is provided in R2-1808332.
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